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Abstract
This document provides the channel model document to be used for IEEE802.11ax task group.
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Introduction

TGn and Tgac task group have developed a comprehensive MIMO broadband channel model, with support for up to 160 MHz channelization and up to 8 antennas [1-2]. IEEE 802.11ax task group targets to improve MAC and PHY efficiency in dense networks for both indoor and outdoor scenarios. 
This document describes the additional channel models for link level and system level performance evaluations for IEEE 802.11ax. 
Spatial Channel Models (SCM)

Indoor spatial channel models

TGn and TGac spatial channel models are adopted as IEEE 802.11ax indoor channel models [1-2] for link level and system level performance evaluation for indoor scenarios. 

The delay spreads and cluster parameters of indoor TGn and TGac spatial channel models are listed in the Table I. 

	Model
	rms Delay Spread
(ns) 
	Number Of Clusters 
	Taps/Cluster 
	Propagation Scenario 
	Usage Model 

	A 
	0 
	1 
	1 
	Flat fading 
	Gaussian Channel-like

	B 
	15 
	2 
	5,7 
	Indoor Residential 
	Intra Room, Room to Room 

	C 
	30 
	2 
	10,8 
	Indoor Residential/Small Office 
	Enclosed Offices Meeting, Conference or Class rooms 

	D 
	50 
	3 
	16,7,4 
	Indoor Typical Office 
	Offices – cubes farms, open areas and large classrooms 

	E 
	100 
	4 
	15,12,7,4 
	Indoor Large Office/Warehouse 
	Indoor Hotspots with large rooms 

	F 
	150 
	6 
	15,12,7,3,2,2 
	Large Space Indoor (pseudo-outdoor). 
	Large Indoor Hotspot – Airport 


Table I. Delay spreads and cluster parameters of indoor TGn and TGac channel models

Outdoor spatial channel models

IEEE 802.11ax targets to enhance the average throughput per station in both indoor and outdoor operations. Compared to indoor channels, outdoor channels typically experience larger delay spreads and more time variations. Outdoor spatial channels models in 2.4GHz and 5GHz therefore needed for link level and system level performance evaluation in IEEE 802.11ax. 

UMi and UMa channel models
3GPP/3GPP2 had done a lot of work on outdoor channel measurements and modelling.  Two types of channel models, namely WINNER II and ITU-R respectively, are considered and described in [3-4]. The basic features of ITU-R and WINNER II spatial channel models are listed as follows. 

· ITU-R channel models are derived from WINNER II channel models;
· ITU-R and WINNER II channel models are quite similar [7];
· ITU-R channel models are applicable for up to 100MHz signal BW, 2-6GHz centre frequency and outdoor and indoor environments. 
· Both spatial channel models are defined for Line-of-Sight (LOS) and Non-Line-of-Sight (NLOS) with a distance dependent LOS probability. 

Based on range analysis, definition of environment and deployments, and wide HEW study group discussions [7-12], IEEE 802.11ax decides to use ITU-R outdoor spatial channel models as the baseline of outdoor spatial channel models for link level and system level performance evaluation. Both ITU-R Urban Micro (UMi) channel models and ITU-R Urban Macro (UMa) channel models can be used in the IEEE 802.11ax link level and system level performance evaluation for outdoor operations. 

In UMi scenarios, the height of both the antenna at the base station and that at the mobile station are assumed to be well below the tops of surrounding buildings. UMi scenarios include outdoor scenarios [3] with the coverage area that is reachable with current typical transmit power of WiFi devices. Therefore UMi spatial channel models are chosen as the first choice of outdoor channel models for IEEE 802.11ax link level and system level performance evaluation. In typical UMa scenarios, the mobile station is located outdoors at street level and the fixed base station clearly above the surrounding building heights [3]. UMa spatial channel models therefore serve as complementary outdoor channel models.

The outdoor channel models for AP to STA, STAs to AP, and STA to STA are implemented by choosing different height of antennas [12].

Channel model parameters for UMi and UMa channel models are listed in table A1-7 in [3]. The brief summary of delay spread of UMi and UMa channels models is listed in Table II. 

	Channel Model
	      Scenario
	DS (ns)

	

UMi
	LOS
	65

	
	NLOS
	129

	
	O-to-I
	240

	
UMa
	LOS
	93

	
	NLOS
	363


   Table II. Brief Summary of delay spreads for UMi and UMa channel models


UMi and UMa channel generation code

Chapter 9 in [3] has the detailed description of UMi and UMa channel models. The generation code for UMi and UMa channel models can be found in the attached document or via the access link provided in the Appendix A. 

160MHz bandwidth support

To expand the ITU-R channel models to support 160MHz bandwidth, one straightforward method is to down-scale the channel profiles of 5ns sampling rate (can be generated using code in Appendix A) to 6.25ns sampling rate according to the following rule as described in [4].

· Move the original samples to the nearest location in the down-sampled delay grid.
· In some cases there are two such locations. Then the tap should be placed in the one that has the smaller delay.

To generate the ITU-R channel models with a higher sampling rate than 160MHz, say, 320MHz or 640MHz, a method with feasible computational complexity is to interpolate the channel profile of 5ns sampling to the desired frequency. According to [4], a practical solution is e.g. to generate channel samples with sample density (over-sampling factor) two, interpolate them accurately to sample density 64 and to apply zero order hold interpolation to the system sampling frequency.

Doppler 

Even though IEEE 802.11ax outdoor operation focus on pedestrian mobility, reflections from fast moving objections, such as cars, can cause higher Doppler. Similar to [16], the following two Doppler modes should be supported in the outdoor spatial channel models. 

1. Speed up to 3 kilometre per hour (kmph) for all clusters for UMi and UMa models;
2. The 2nd and the 3rd clusters of UMi and UMa models assigned a speed of 60 kmph and the rest of the clusters assigned 3 kmph;

Path Loss model

IEEE 802.11ax simulation scenarios [5] and evaluation methodologies [6] need to model path loss for both outdoor and indoor operations. Different path loss models shall be used for different simulation scenarios.   

Indoor path loss for simulation scenarios #1, #2 and #3 in [5]

Tgn path loss models [1] are adopted as the indoor path loss model for performance evaluation of IEEE 802.11ax simulation scenarios #1, #2 and #3 [13]. Extra floor penetration   loss and wall penetration loss shall be added to this path loss. The overall indoor path loss is



TGn path loss model consists of the free space loss  (slope of 2) up to a breakpoint distance and slope of 3.5 after the breakpoint distance. For each of the models different break-point distance  was chosen  




[bookmark: OLE_LINK1]where  is the transmit-receive separation distance in m. The path loss model parameters are summarized in Table III. In the table, the standard deviations of log-normal (Gaussian in dB) shadow fading are also included. The values were found to be in the 3-14 dB range.


	Channel Model
	dBP (m)
	Slope before dBP
	Slope after dBP
	Shadow fading std. dev. (dB)
before dBP
(LOS)
	Shadow fading std. dev. (dB)
after dBP
(NLOS)

	B
	5
	2
	3.5
	3
	4

	D
	10
	2
	3.5
	3
	5



Table III: Path loss model parameters


IEEE 802.11ax uses the TGn channel B path loss model for performance evaluation of simulation scenario #1 with extra indoor wall and floor penetration loss.  

IEEE 802.11ax uses the TGn channel D path loss model for performance evaluation of simulation scenario #2 with extra indoor wall and floor penetration loss.

IEEE 802.11ax uses the TGn channel D path loss model for performance evaluation of simulation scenario #3. 

 Indoor floor and wall penetration loss

Indoor floor penetration loss and the internal wall penetration loss are as follows [14] 

 ,



where  and  are the number of floors and walls penetrated respectively;  is the penetration loss for a single wall.  is set as 5dB for simulation senario #1 and as 7dB for simulation senario #2 reseptively. 

Outdoor path loss for simulation scenario #4 and #4a in [5]


The path loss models for IEEE 802.11ax outdoor scenarios are based on UMi path loss model shown in Table A1-2 in [3]. 

For LOS link, the path loss model is 




where carrier frequency is given in GHz and distance is given in meter. stands for the actual antenna height of an access point (AP) and stands for the actual antenna height of a station (STA), both are given in meter. Break-point distance  was defined as 



where  is the propagation velocity in free space. 
The height of AP and the height of station are proposed in [15] (see table IV). 


	Scenarios
	Height (meter)
	Height (meter)

	
	
	

	
	
	

	
	
	



Table IV: Antenna heights for different scenarios


For NLOS link, UMi NLOS path loss uses the hexagonal cell layout formula [3]. The formula is




where carrier frequency is again given in GHz and distance is given in meter.

The LOS probability is given in Table V according to Table A1-3 in [3]. Note that probabilities are used only for system level simulations.

	Scenarios
	LOS probability as a function of distance, d (m)

	UMi
	
(for outdoor users only)

	UMa
	




Table V: LOS probabilities
Path loss including outdoor-to-Indoor building penetration loss

For an outdoor-to-indoor scenario, building wall penetration loss and indoor path loss need to be added. IEEE 802.11ax only considers the outdoor-to-indoor loss in NLOS scenarios. 



where is the outdoor distance and is the indoor distance. 20 is the building penetration loss in dB.

Shadow fading parameters
 
IEEE 802.11ax modelling the shadow fading by a log normal distribution with standard deviation as in [3]. The shadow fading standard deviations are listed in table VI.
	
Scenarios
	Shadow Fading Std (dB)
(LOS)
	Shadow Fading Std (dB)
(NLOS)
	Shadow Fading Std (dB)
(Outdoor-to-Indoor in NLOS)

	
	
	
	7

	
	
	
	7

	
	
	
	7


Table VI: Shadow fading standard deviations for outdoor path losses.



Appendix A: Software Implementation of IMT.EVAL Channel Model



Access link for the code:
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CDIQFjAA&url=http%3A%2F%2Fwww.itu.int%2Fdms_pub%2Fitu-r%2Foth%2F0A%2F06%2FR0A060000220001MSWE.doc&ei=KMhzU8e_L5L38QWDu4DAAw&usg=AFQjCNHT9XTloAU1bAvHWsLlGOKZtwKTyg&sig2=BIfQP4Bj_BA-y1J8cAcK0Q
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Software Implementation of IMT.EVAL Channel Model


1
Introduction


IMT-Advanced channel models were agreed in the 3rd ITU-R Working Party 5D meeting in Seoul, Korea in October 2008, and confirmed in ITU-R Study Group 5 meeting in Geneva in November 2008. The channel models were published in Report ITU-R M.2135 [1]. Reference implementation of channel models was contributed to the 3rd ITU-R WP 5D meeting as well [2].


However, the implementation is updated according to the recent findings and interpretation of the Report ITU-R M.2135.

This contribution covers an updated reference implementation of the current version of Report ITU-R M.2135 radio channel model. The implementation has been developed for convenience and it runs on Matlab® environment, and is available as attachment. The implementation is modified from [2].


To make it easier to use the IMT-Advanced channel models by the external parties, public implementation of the channel models is helpful. Therefore, the attached Matlab software implementation of the channel models is provided to ITU-R for publishing at the ITU-R IMT-Advanced submission and evaluation process web page for easy reference.


2
Software package


Attached file contains the current version of the Matlab® functions and documentation for the IMT-Advanced channel model in Report ITU-R M.2135. The functions and documents have been packed by WinZip® program. The material may be updated by the author in future. Please contact the author to confirm whether there is any update of the material.




[image: image1.emf]M:\EBTEO\RCA\


ITU-R\WP5D Geneve 2009\WIM2_ITU_ChannelModel_Rev1.zip
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WIM2_ITU_ChannelModel_ver4/antparset.m


function antpar=antparset(varargin)

%ANTPARSET Antenna parameter configuration for WIMi

%   ANTPAR=ANTPARSET sets default parameters for the input struct ANTPAR.

%   

%   Default parameters are [ {default} ]:

%

%   BsGainPattern       - complex BS array element field patterns [ {1} | 4D-array]

%   BsGainAnglesAz      - azimuth angles (degrees) for BsGainPattern [ {linspace(-180,180,90)} ]

%   BsGainAnglesEl      - elevation angles (not used currently)

%   BsElementPosition   - element spacing for BS linear array in wavelenghts [ {0.5} ]

%   MsGainPattern       - complex MS array element field patterns [ {1} | 4D-array]

%   MsGainAnglesAz      - azimuth angles (degrees) for MsGainPattern [ {linspace(-180,180,90)} ]

%   MsGainAnglesEl      - elevation angles (not used currently)

%   MsElementPosition   - element spacing for MS linear array in wavelenghts [ {0.5} ]

%   InterpFunction      - name of the interpolation function [{'interp_gain'}]

%   InterpMethod        - interpolation method used  [{cubic}]

%

%   Some notes about the antenna parameters:

%

%   - The complex field patterns are given in linear scale. The antenna gain 

%     is 20*log10(abs(BsGainPattern)).

%   - Field patterns should be defined over the full 360 degree azimuth 

%     angle. Unless BsGainPattern is a scalar (see below), the intermediate

%     values will be interpolated.

%   - Only linear arrays are supported currently. The element spacings can

%     be given (in wavelengths) in the vectors BsElementPosition and 

%     MsElementPosition. When a scalar is given (default), uniform spacing

%     is assumed.

%   - If BsGainPattern and/or MsGainPattern field is a scalar, the antenna

%     field pattern is assumed constant (equal to the scalar) over the whole

%     azimuth angle. For example, setting BsGainPattern=SQRT(1.64) (2.15 dB)

%     would correspond to a BS dipole array with NumBsElements (see below). 

%   - When BsGainPattern (MsGainPattern) is a scalar, the number of the

%     BS (MS) antenna elements is determined from parameters NumBsElements 

%     (NumMsElements) in the input struct WIMPAR (see WIMPARSET). Otherwise, 

%     the number of elements in the link end is deduced from the dimensions 

%     of the 4D-array BsGainPattern (MsGainPattern).

%   - If BsGainPattern (MsGainPattern) is not a scalar it must be a complex

%     4D-array with dimensions NUM_ELxPOLxELxAZ, where NUM_EL is the 

%     number of array elements, POL is 1 or 2, EL is arbitrary, and AZ

%     is LENGTH(BsGainAnglesAz). If 'polarized' option is used, the 

%     (:,1,1,:)th dimension is assumed the vertical polarization and (:,2,1,:)

%     is assumed the horizontal polarization. Otherwise, only the (:,1,1,:)th 

%     dimensions are used. The size of the third dimension is unimportant 

%     as elevation is not used in the current implementation. 

%   - SIZE(BsGainPattern,4) must equal LENGTH(BsAnglesAz). In other words,

%     all element patterns are defined over the same azimuth grid.

%     Similarly for MsGainPattern.

%   - InterpFunction defines the name of the interpolating function. One

%     can also use his own function. For syntax, see INTERP_GAIN.

%   - InterpMethod depends on the interpolating function used. INTERP_GAIN

%     uses the MATLAB's INTERP1 function to do the dirty work. Recommended

%     methods are: 'cubic' or 'linear'. For faster computation, see

%     INTERP_GAIN_C.

%     

%   See also DIPOLE, INTERP_GAIN, INTERP_GAIN_C.



%   Authors: Jari Salo (HUT), Pekka Kyösti (EBIT), Daniela Laselva (EBIT), 

%   Giovanni Del Galdo (TUI), Marko Milojevic (TUI), Christian Schneider (TUI)

%   Lassi Hentilä (EBIT)









if (length(varargin)>2)

    error('No such functionality yet. Try ''antpar=antparset'' instead.')

end





antpar=struct(  'BsGainPattern',{1},...                         % in general: [Number_of_antennas, 2, Elevation_points, Azimuth_points]

                'BsGainAnglesAz',{linspace(-180,176,90)},...    % size [1 Azimuth_points]

                'BSGainAnglesEl',{0},...                        % size [1 Elevation_points] (parameter ignored)

                'BsElementPosition',[0.5],...                   % in wavelengths. When scalar, uniform spacing assumed

                'MsGainPattern',{1},...

                'MsGainAnglesAz',{linspace(-180,176,90)},...

                'MsGainAnglesEl',{0},...                

                'MsElementPosition',[0.5],...                   % in wavelengths. When scalar, uniform spacing assumed

                'InterpFunction','interp_gain',...              % name of the interpolation function

                'InterpMethod','cubic');                        % interpolation method, depends on the function used

                 

            











WIM2_ITU_ChannelModel_ver4/cas.m


function [sigma_AS]=cas(theta,P,units)

%CAS Circular angle spread (3GPP TR 25.996)

%   SIGMA_AS=CAS(THETA,P) returns the circular angle spread 

%   SIGMA_AS as defined in Annex A of 3GPP TR 25.996 v6.1.0. 

%   THETA are the angles (in radians) of paths and P are powers 

%   of the paths. THETA and P must be of same size and the (i,j)th

%   element of P must be the power corresponding to the (i,j)th 

%   angle. In 3GPP notation both THETA and P are N X M matrices, 

%   where N is the number of paths and M is the number of subpaths. 

%

%   With SIGMA_AS=CAS(THETA,P,'deg') input and output angles are 

%   given in degrees.



%   Author: Jari Salo (HUT)

%   $Revision: 0.1 $  $Date: July 20, 2004$





% check that input args have same size

if (any(size(theta)-size(P))==1)

    error('cas: Input argument size mismatch!')

end



deg_flag=0; % unit is radians

if (nargin>2)

    if (strcmp(lower(units),'deg')==1)

        theta=theta/180*pi;     % computation is in radians

        deg_flag=1; % unit is degrees

    end

end





% vectorize inputs

P=P(:);

theta=theta(:);



len_theta=length(theta);



delta=linspace(-pi,pi);     % a 100-point grid for minimization

delta_mat=repmat(delta,len_theta,1);

theta_mat=repmat(theta,1,length(delta));

theta_mat=prin_value(theta_mat+delta_mat);

P_mat=repmat(P,1,length(delta));



% mean values over the grid

mu_thetas=sum( theta_mat.*P_mat )./sum(P_mat);



% demeaned angles

theta_nm_mus=theta_mat-repmat(mu_thetas,len_theta,1);

theta_nm_mus=prin_value(theta_nm_mus);

cas_vec= sqrt(sum(theta_nm_mus.^2.*P_mat)./sum(P_mat));



sigma_AS=min(cas_vec);



if (deg_flag==1)    % map back to degrees

    sigma_AS=sigma_AS/pi*180;

end







%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function to map inputs from (-inf,inf) to (-pi,pi)

function y=prin_value(x)

y=mod(x,2*pi);

y=y-2*pi*floor(y/pi);













WIM2_ITU_ChannelModel_ver4/ConstantCMapping.m


function output = ConstantCMapping(input)

%CONSTANTCMAPPING Determines the constant C used in aod/aoa calculations 

%   from the number of cluster.



%   Authors: Mikko Alatossava (CWC/UOULU)

%   Created: 12.2.2007



switch (input)

    case {4}

        output = 0.779;

    case {5}

        output = 0.860;

    case {8}

        output = 1.018;

    case {10}

        output = 1.090;

    case {11}

        output = 1.123;

    case {12}

        output = 1.146;

    case {14}

        output = 1.190;

    case {15}

        output = 1.211;

    case {16}

        output = 1.226;

    case {20}

        output = 1.289;

    case {22}

        output = 1.300; %tdb, here so that B3 (fixed pdp on) works without problems

    otherwise

        error('Number of Clusters must be among [4 5 8 10 11 12 14 15 16 20]!')                    

end









WIM2_ITU_ChannelModel_ver4/Contents.m


% IMT.EVAL channel model
%   based on Winner Phase II channel model
% Version 0.2, September 22, 2008
%
% Channel model functions
%   wim               - WINNER Phase II channel model (D1.1.2) 
%   wimparset         - Model parameter configuration for WIM
%   linkparset        - Link parameter configuration for WIM
%   layoutparset      - Layout parameter configuration for WIM (optional)
%   antparset         - Antenna parameter configuration for WIM
%   pathloss          - Pathloss models for 2GHz and 5GHz 
%
% WINNER -specific functions
%   scenpartables     - Set WIM parameters for WINNER scenarios
%   
% Miscellaneous functions
%   cas               - Circular angle spread (3GPP TR 25.996)
%   ds                - RMS delay spread 
%   dipole            - Field pattern of half wavelength dipole
%   NTlayout          - Visualisation of network layout
%
% Utility functions
%   interp_gain       - Antenna field pattern interpolation
%   interp_gain_c     - Antenna field pattern interpolation (requires GSL)
%   wim_core          - Channel coefficient computation for a geometric channel model
%   scm_mex_core      - WIM_CORE written in ANSI-C 
%   generate_bulk_par - Generation of WIM bulk parameters
%   layout2link       - Computes and converts layout to link parameters
%   ScenarioMapping   - Maps scenario names (A1 etc.) to number indices
%   struct_generation - Assistant function
%   offset_matrix_generation - Assistant function









WIM2_ITU_ChannelModel_ver4/dipole.m


function pattern=dipole(varargin)

%DIPOLE Field pattern of half wavelength dipole

%   PAT=DIPOLE(AZ) returns the azimuth field pattern

%   at angles given in AZ (degrees). 

%

%   PAT is a 3D-array with dimensions [2 1 LENGTH(AZ)]. 

%   The first two dimensions are the V and H 

%   polarizations, respectively.

%

%   PAT=DIPOLE(AZ,SLANT) gives the pattern of a 

%   slanted dipole. The slant angle is defined as

%   the counter clock-wise angle (in degrees) seen 

%   from the front of the dipole. 

%

%   Currently elevation is not supported. 

%

%   Example: To create a 2-element BS array with 

%   45 degrees slanted dipoles:

%       g=zeros(2,2,1,100); antpar=antparset;

%       az=linspace(-180,180);

%       g(1,:,:,:)=dipole(az,45);

%       g(2,:,:,:)=dipole(az,-45);

%       antpar.BsGainPattern=g;

%       antpar.BsGainAnglesAz=az;

%

%   See also ANTPARSET.



%   Author: Jari Salo (HUT)

%   $Revision: 0.1 $  $Date: July 22, 2004$





az=varargin{1};



if (nargin>1)

    slant=varargin{2};

    slant=-slant/180*pi;    % change sign

else

    slant=0;

end



% put all angles to radians

az=az/180*pi;



siz_az=size(az);        % elevation has same size

az_vec=az(:);



% assume elevation is zero

[X Y Z]=sph2cart(az_vec, zeros(size(az_vec)), repmat(1,size(az_vec)));



% rotation matrix in cartesian coordinates

R = [1 0 0; 0 cos(slant) -sin(slant); 0 sin(slant) cos(slant) ];

XYZr=R*[X.'; Y.'; Z.'];

[az el r]=cart2sph(XYZr(1,:), XYZr(2,:), XYZr(3,:));

el=reshape(el(:),siz_az);



% our coordinate system has elevation 90 deg to the zenith

% while the standard dipole formula has zero angle in zenith

offset=-pi/2;

el=-(el+offset);   % elevation is now from -90 to 90 (directly below to zenith)





% ideal pattern of a slanted dipole 

% the dipole pattern becomes singular at {0,180} degrees elevation

tol=1e6*eps;

I1=find(abs(el)<tol);

I2=find(abs(el-pi)<tol);

I=[I1(:); I2(:)];   % set these indices to zero

patternV=zeros(size(el));

patternH=zeros(size(el));

patternV(I)=0;

patternH(I)=0;

Inot=setdiff([1:numel(el)],I);

patternV(Inot)=sqrt(1.64)*abs(cos(pi/2*cos(el(Inot)))./sin(el(Inot)))*cos(slant);

patternH(Inot)=sqrt(1.64)*abs(cos(pi/2*cos(el(Inot)))./sin(el(Inot)))*sin(slant);



pattern=zeros(2,1,numel(el));

pattern(1,1,:)=patternV;

pattern(2,1,:)=patternH;

















WIM2_ITU_ChannelModel_ver4/ds.m


function [sigma_DS, excess_delay]=ds(tau,P)

%DS RMS delay spread 

%   SIGMA_DS=DS(TAU,P) returns the rms delay spread SIGMA_DS. TAU are the

%   delays of paths and P are the powers of the corresponding paths. If P

%   is a matrix, SIGMA_DS is computed for each column; in this case TAU can

%   be either a matrix with SIZE(TAU)=SIZE(P) or a column vector with the

%   same number of rows as P. If TAU is a column vector the same delays are

%   used for each column of P.

%   

%   [SIGMA_DS ED]=DS(TAU,P) returns also the excess delay in ED.

% 

%   Note that if P is an impulse response, SIGMA_DS is its

%   sample rms delay spread. 



%   Author: Jari Salo (HUT)

%   $Revision: 0.11 $  $Date: September 30, 2004$





if (ndims(tau) > 2 | ndims(P) > 2)

    error('Input arguments must be vectors or matrices!')

end





if (min(size(tau))==1)  % if tau is a vector

    tau=tau(:);

elseif (size(P,1) ~= size(tau,1) | size(P,2) ~= size(tau,2) )  

    error('Input argument size mismatch!')

end



% if P is a vector

if (min(size(P))==1)

    P=P(:);

end







% make the minimum delay of each column zero

if (min(size(tau))==1) % if tau is a vector

    tau=repmat(tau,1,size(P,2))-min(tau);

else    % if tau is matrix

    tau=tau-repmat(min(tau),size(tau,1),1);

end





Dvec=sum(tau.*P)./sum(P);

D=repmat(Dvec,size(tau,1),1);



% compute std of delay spread

sigma_DS=sqrt( sum((tau-D).^2.*P)./sum(P) );





if (nargout>1)

    excess_delay=max(tau);

end













WIM2_ITU_ChannelModel_ver4/fixedAoas.m


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Fixed AoAs for different scenarios

% Needed when wimpar.FixedAnglesUsed='yes'

function [aoas_los,aoa_clusterAS_los, ...

          aoas_nlos,aoa_clusterAS_nlos] = fixedAoas(wimpar,iterpar)



Scenario = iterpar.Scenario;



switch Scenario



    case {'A2'}

        aoas_nlos = [50 50 -83 -30 -3 44 -63 -105 -61 110 -85 -85 58 121 -109 108 139 -137 124];

        aoa_clusterAS_nlos = 11;      % Cluster ASA [deg], [1, table 7-3]

        

        aoas_los = [0 85 73 -82 -72 -64 -73 -83 96 -91 -93 74 -87 -77 -97];

        aoa_clusterAS_los = 8; 

        

    case {'B1'}

        aoas_los = [0 -108 153 -111 179 -150 -163 166 14 -4 43 44];

        aoa_clusterAS_los = 17;      % Cluster ASA [deg], [1, table 7-4]



        aoas_nlos = [-83 54 37 96 3 -86 84 -112 -78 65 -88 -130 153 106 147 118 -178 -163 163];

        aoa_clusterAS_nlos = 22;      % Cluster ASA [deg], [1, table 7-5]



    case {'B4'}%need parameters



        aoas_nlos = [0 102 -66 -119 139 91 157 -111 157 138 158 165];

        aoa_clusterAS_nlos = 8;      % Cluster ASA [deg], [1, table 7-9]



        aoas_los = NaN;

        aoa_clusterAS_los = NaN; 



    case {'C1'}

        aoas_los = [0 -144 -159 155 156 -146 168 -176 149 -176 -159 -176 -165 -171 177];

        aoa_clusterAS_los = 5;      % Cluster ASA [deg], [1, table 7-10]



        aoas_nlos = [0 -71 -84 46 -66 -97 -66 -46 -56 73 70 -46 -80 123];

        aoa_clusterAS_nlos = 10;      % Cluster ASA [deg], [1, table 7-11]



    case {'C2'}

        aoas_los = [0 143 -156 133 180 19 161 3 40 -37 -36 -48];

        aoa_clusterAS_los = 11; 

        

        aoas_nlos = [29 -98 8 -114 70 107 59 -103 73 -111 -112 122 129 153 -145 -157 -178 -114 -160 -175];

        aoa_clusterAS_nlos = 15;      % Cluster ASA [deg], [1, table 7-12]

     

    case {'D1'}        



        aoas_los = [0 99 95 99 -106 96 -103 113 110 106 -108];

        aoa_clusterAS_los = 3;      % Cluster ASA [deg], [1, table 7-14]



        aoas_nlos = [-46 58 0 34 34 49 -34 49 56 67];

        aoa_clusterAS_nlos = 3;      % Cluster ASA [deg], [1, table 7-15]





end % switch









WIM2_ITU_ChannelModel_ver4/fixedAods.m


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Fixed AoDs for different scenarios

% Needed when wimpar.FixedAnglesUsed='yes'

function [aods_los,aod_clusterAS_los, ...

          aods_nlos,aod_clusterAS_nlos]=fixedAods(wimpar,iterpar)

    

Scenario = iterpar.Scenario;



switch Scenario



     case {'A2'}

        

        aods_nlos = [-34 34 60 24 -1 -31 55 69 34 -73 -55 56 -47 -84 87 71 -99 -99 86 ];

        aod_clusterAS_nlos = 5;      % Cluster ASD [deg], [1, table 7-3]

        

        aods_los = [0 79 -84 -97 -102 80 69 104 98 98 -113 -79 -109 89 95];

        aod_clusterAS_los = 5;      

        

    

    case {'B1'}

        

        aods_los = [0 31 35 -38 45 -46 46 -43 -47 51 -62 -58];

        aod_clusterAS_los = 3;      % Cluster ASD [deg], [1, table 7-4]



        aods_nlos = [31 10 26 -27 -3 29 -33 37 -29 27 -35 -48 -50 -44 46 -45 -59 60 56];

        aod_clusterAS_nlos = 10;      % Cluster ASD [deg], [1, table 7-5]



       

     case {'B4'}%need parameters



        aods_nlos = [0 32 -21 37 -43 28 -49 -34 -49 43 49 51];

        aod_clusterAS_nlos = 5;      % Cluster ASD [deg], [1, table 6-3]

        

        aods_los = NaN;

        aod_clusterAS_los = NaN;      

        

        

    case {'C1'}



        aods_los = [0 -29 -32 -31 31 29 -33 35 -30 35 -32 35 33 34 35];

        aod_clusterAS_los = 5;      % Cluster ASD [deg], [1, table 7-10]



        aods_nlos = [0 13 -15 -8 12 -17 12 -8 -10 -13 12 8 14 22];

        aod_clusterAS_nlos = 2;      % Cluster ASD [deg], [1, table 7-11]



    case {'C2'}

        aods_los = [0 36 -28 -25 42 -40 -28 -35 -47 -39 47 -43];

        aod_clusterAS_los = 5; 

        

        aods_nlos = [6 44 2 -34 26 -41 -17 -33 24 -34 -38 44 53 54 53 52 57 53 -54 -60];

        aod_clusterAS_nlos = 2;      % Cluster ASD [deg], [1, table 7-12]

        



    case {'D1'}



        aods_los = [0 24 23 24 -25 -23 -25 27 27 25 -26];

        aod_clusterAS_los = 2;      % Cluster ASD [deg], [1, table 7-14]



        aods_nlos = [-12 16 0 9 -9 13 -9 13 15 18];

        aod_clusterAS_nlos = 2;      % Cluster ASD [deg], [1, table 7-15]

      



end % switch









WIM2_ITU_ChannelModel_ver4/fixedPdp.m


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Fixed delays,  powers and cluster-wice K-factors

%  for different scenarios.

% Needed when wimpar.FixedPdpUsed='yes'

function [taus_LoS,Pprime_LoS,Kcluster_LoS, ...

        taus_NLoS,Pprime_NLoS,Kcluster_NLoS] = fixedPdp(wimpar,iterpar)



LoSConnectionLinks = iterpar.LoSConnectionLinks;

NLoSConnectionLinks = iterpar.NLoSConnectionLinks;

Scenario = iterpar.Scenario;





switch Scenario

   

    case {'A2'}     % InH

        taus_LoS = [0 10 25 25 30 35 40 50 55 60 65 85 90 100 130]*1E-9;

        Pprime_LoS = 10.^(-[0 15.7 10.5 16.7 17.6 14.1 12.9 19.5 21.8 20.8 24.1 13.9 20.1 18.0 21.0]/10);

        Kcluster_LoS = [5 ;...               % K-factors for CDL clusters [dB]

                       1];                   % cluster number

                   

        taus_NLoS = [0 15 20 25 30 40 55 60 60 70 75 75 90 150 160 170 195 205 225]*1E-9;   % [s]

        Pprime_NLoS = 10.^(-[2.4 1.9 8.1 1.8 0 2.3 3.7 8.4 3.2 9.7 6.2 8.9 4.0 14.1 12.1 10.6 19.6 16.8 13.5]/10);          % lin.

        Kcluster_NLoS = [-10000000  ;...     % K-factors for CDL clusters [dB]

                       1   ];                % cluster number

        

    case {'B1'}     % UMi

        taus_LoS = [0 30 85 135 160 195 210 255 280 340 360 420]*1E-9;

        Pprime_LoS = 10.^(-[0 15.6 14.0 15.8 20.7 17.3 21.8 17.7 21.6 23.0 24.5 25.0]/10);

        Kcluster_LoS = [6.0 ;...             % K-factors for CDL clusters [dB]

                       1];                   % cluster number



        %this one is not updated accordingly in D111, 15.2.2007. Values from LH

        taus_NLoS = [0 10 20 35 40 55 55 200 205 250 330 440 440 515 530 580 590 625 730]*1E-9;   % [s]

        Pprime_NLoS = 10.^(-[6.7 4.9 1.9 6.3 3 7.5 6.4 10.8 5.2 4.9 9.2 15.5 16.7 12.4 16.9 12.7 23.5 22.1 23.6]/10); % lin.

        Kcluster_NLoS = [-100000 ;...        % K-factors for CDL clusters [dB]

                      1 ];                   % cluster number

     

      case {'B4'}   % UMi O-to-I 



        taus_NLoS = [0 0 5 10 35 35 65 120 125 195 250 305]*1E-9;   % [s]

        Pprime_NLoS = 10.^(-[13.0 21.7 16.7 24.9 29.2 19.9 13.4 23.3 33.7 29.1 34.0 35.9]/10);          % lin.

        Kcluster_NLoS = [-10000000  ;...            % K-factors for CDL clusters [dB]

                       1   ];                       % cluster number

                 

        taus_LoS = NaN;

        Pprime_LoS = NaN;

        Kcluster_LoS = NaN;

        

    case {'C1'}     % SMa



        taus_LoS = [0 85 135 135 170 190 275 290 290 410 445 500 620 655 960]*1E-9;

        Pprime_LoS = 10.^(-[0 21.6 26.3 25.1 25.4 22.0 29.2 24.3 23.2 32.2 26.5 32.1 28.5 30.5 32.6]/10);

        Kcluster_LoS = [12.9;...                   % K-factors for CDL clusters [dB]

                     1 ];                      % cluster number



        taus_NLoS = [0 25 35 35 45 65 65 75 145 160 195 200 205 770]*1E-9;                                % [s]

        Pprime_NLoS = 10.^(-[3.0 7.5 10.5 3.2 6.1 14.0 6.4 3.1 4.6 8.0 7.2 3.1 9.5 22.4]/10); % lin.

        Kcluster_NLoS = [-10000000;...                    % K-factors for CDL clusters [dB]

                            1   ];                   % cluster number



    case {'C2'}     % UMa

        

        taus_LoS = [0 15 30 45 220 310 365 440 450 535 595 640]*1E-9;

        Pprime_LoS = 10.^(-[0 15.4 12.6 14.1 19.4 23.8 16.7 19.4 24.8 21.3 23.9 25.0]/10);

        Kcluster_LoS = [7.0;...                   % K-factors for CDL clusters [dB]

                     1 ];                      % cluster number

        

        taus_NLoS = [0 5 20 45 265 290 325 340 355 440 555 645 970 1015 1220 1395 1540 1750 1870 1885]*1E-9;   % [s]

        Pprime_NLoS = 10.^(-[3.5 9.2 3.0 7.8 3.7 8.6 2.5 7.3 3.8 6.9 8.9 9.0 9.8 15.0 13.4 14.9 16.7 11.2 18.2 17.8]/10);                      % lin.

        Kcluster_NLoS = [-1000000;...                          % K-factors for CDL clusters [dB]

                           1];                            % cluster number

        



    case {'D1'}    % RMa

        taus_LoS = [0 35 45 65 65 110 125 125 170 170 200]*1E-9;

        Pprime_LoS = 10.^(-[16.8 18.3 21.2 17.1 19.7 23.8 22.9 20.9 21.9]/10);

        Kcluster_LoS = [13.7 ;...                   % K-factors for CDL clusters [dB]

                       1 ];                      % cluster number



        taus_NLoS = [0 0 5 10 20 15 55 100 110 220]*1E-9;                                % [s]

        Pprime_NLoS = 10.^(-[4.9 7.8 5.2 2.7 2.6 5.8 2.7 5.6 7.3 10.3]/10); % lin.

        Kcluster_NLoS = [-10000000;...                    % K-factors for CDL clusters [dB]

                      1   ];                      % cluster number



end % switch









WIM2_ITU_ChannelModel_ver4/generate_bulk_par.m


function bulk_parameters = generate_bulk_par(wimpar,linkpar,antpar,fixpar)

%GENERATE_BULK_PAR Generation of WIM2 interim channel model parameters

%   [BULK_PAR]=GENERATE_BULK_PAR(WIMPAR,LINKPAR,ANTPAR,FIXPAR) generates the

%   "bulk" parameters according to WINNER D5.4 with some Phase II modifications.

%   For explanation of the input structs, see WIMPARSET, LINKPARSET, and ANTPARSET.

%   Denoting with K the number of links, N the number of paths,

%   M the number of subpaths, the fields BULK_PAR are as follows:

%

%   delays           - path delays in seconds [KxN]

%   path_powers      - relative path powers [KxN]

%   aods             - angles of departure in degrees over (-180,180) [KxNxM]

%   aoas             - angles of arrival in degrees over (-180,180) [KxNxM]

%   subpath_phases   - random phases for subpaths in degrees over (0,360) [KxNxM]

%   path_losses      - path losses in linear scale [Kx1]

%   MsBsDistance     - distances between MSs and BSs in meters [1xK]

%   shadow_fading    - shadow fading losses in linear scale [Kx1]

%   propag_condition -whether the user is in LoS condition (1) or in nlos (0)

%   sigmas           -correlation coefficients fo large scale parameters

%

%   In addition, when users with LoS condition exists (in addition to the above):

%   Kcluster        - K factors for all links [Kx1]

%   Phi_LOS         - random phases for LOS paths in degrees over (-180,180) [Kx1]

%

%   In addition, when users wimpar.PolarisedArrays is 'yes' (in addition to the above):

%   xprV            -vertical xpr values, [KxNxM]

%   xprH            -horizontal xpr values, [KxNxM]

%

%   In addition, when users in B5 scenario exist (in addition to the above):

%   scatterer_freq  -Doppler frequency for scatterers, [KxNxM]

%

%   Ref. [1]: D1.1.1 V1.0, "WINNER II interim channel models"

%        [2]: 3GPP TR 25.996 v6.1.0 (2003-09)

%        [3]: D. Reed et. al, "Spatial Channel Models for Multi-antenna

%             Systems, ..., 2003.

%

%   See also WIM.



%   Authors of model versions:

%

%   WINNER Phase II interim (WIM2i): Pekka Ky�sti (EBIT), Lassi Hentil� (EBIT),

%   Marko Milojevic (TUI), Mikko Alatossava (CWC/UOULU)

%

%   WINNER Phase I (WIM): Daniela Laselva (EBIT), Marko Milojevic (TUI),

%   Pekka Ky�sti (EBIT), Lassi Hentil� (EBIT)

%

%   SCM/SCME: Jari Salo (HUT), Daniela Laselva (EBIT), Giovanni Del Galdo (TUI),

%   Marko Milojevic (TUI), Pekka Ky�sti (EBIT), Christian Schneider (TUI),

%   Zhiwen Wu(BUPT),Yu Zhang(BUPT),Jianhua Zhang(BUPT),Guangyi Liu(CMCC)



% Prevent using CDL models (to be removed when CDL model tables are agreed)

%if strcmpi(wimpar.FixedPdpUsed,'yes') | strcmpi(wimpar.FixedAnglesUsed,'yes')

%error('CDL models not supported. Set wimpar FixedPdpUsed=NO and FixedAnglesUsed=NO')

%end

%   Update InH AOA/AOD distribution to Laplacian      25.9 2008 Zhiwen WU



% Number of scenarios in WINNER II channel models

NumOfScenarios = 6;    % should be equal to the number in ScenarioMapping.m



% extract certain parameters from the input structs

ScenarioVector        = linkpar.ScenarioVector;

MsBsDistance          = linkpar.MsBsDistance;



bulk_parameters = struct_generation(1, 1, wimpar, linkpar,1 , 'Initialization');



for ScenIndex = 1:NumOfScenarios

    %save parameters that vary between different for loop iterations to iterpar

    iterpar.Scenario = ScenarioMapping(ScenIndex); %map scenario from numerical value to letters

    iterpar.UserIndeces = find(ScenarioVector==ScenIndex); %links (user) that are in a certain scenario correspongind to ScenIndex



    if iterpar.UserIndeces

        switch iterpar.Scenario

            % Geometric based stochastic models

            case {'A2', 'B1', 'B4','C1', 'C2', 'D1'}

                bulk_parameters_iter = stochastic(wimpar,linkpar,antpar,fixpar,iterpar);



                % B5, Static feeder scenario

            case {'B5a','B5b','B5c','B5f'}

                bulk_parameters_iter = static(wimpar,linkpar,antpar,fixpar,iterpar);



        end     % end of user parameter generation main program



        bulk_parameters = struct_generation(bulk_parameters, bulk_parameters_iter, wimpar, linkpar, iterpar,'Iteration');

        clear bulk_parameters_iter iterpar

    end



end



bulk_parameters = struct_generation(bulk_parameters, 1, wimpar, linkpar, 1, 'Refinement');



% FUNCTION DEFINITIONS

%%%%%%%%%%%%%%%%%%%%%%





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that maps inputs from (-inf,inf) to (-180,180)

function y=prin_value(x)

y=mod(x,360);

y=y-360*floor(y/180);







%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function to generate bulk parameters

% See [1, Sec.3.1.7].

function bulk_parameters = stochastic(wimpar,linkpar,antpar,fixpar,iterpar)



%-- STEP 1 --%

% extract certain parameters from the input structs

PolarisedArrays       = wimpar.PolarisedArrays;

M                     = wimpar.NumSubPathsPerPath;

DelaySamplingInterval = wimpar.DelaySamplingInterval;

FixedPdpUsed          = wimpar.FixedPdpUsed;



%-- STEP 2 --%

% extract the number of users from the first field of linkpar struct

UserIndeces = iterpar.UserIndeces;

MsBsDistance = linkpar.MsBsDistance(UserIndeces);

NumLinks     = length(UserIndeces);

Scenario     = iterpar.Scenario;



switch Scenario

    case {'A2', 'B1', 'C1', 'C2', 'D1',}

        evalstr = sprintf('iterpar.LoS = fixpar.%s.LoS;',Scenario);

        eval(evalstr);

        evalstr = sprintf('iterpar.NLoS = fixpar.%s.NLoS;',Scenario);

        eval(evalstr);



        %number of cluster differs in LoS and NLoS situations

        N(1) = iterpar.LoS.NumClusters;

        N(2) = iterpar.NLoS.NumClusters;



    case {'B4'}

        evalstr = sprintf('iterpar.NLoS = fixpar.%s.NLoS;',Scenario);

        eval(evalstr);

        N(1) = 0;

        N(2) = iterpar.NLoS.NumClusters;

end

N_max = max(N(1),N(2));

iterpar.N = N;



% check that M = 20

if (M ~= 20)

    M=20;

    warning('MATLAB:NumSubPathsChanged','NumSubPathsPerPath is not 20! Using NumSubPathsPerPath=20 instead.')

end



% make sure that user-specific parameters are row vectors

ThetaBs      = linkpar.ThetaBs(UserIndeces);

ThetaMs      = linkpar.ThetaMs(UserIndeces);



%extract line of sight probability

if strcmp(wimpar.UseManualPropCondition,'yes')

    PropagCondition = linkpar.PropagConditionVector(UserIndeces);

    switch Scenario

        case {'C4'} %all nlos

            PropagCondition = zeros(1,NumLinks);

    end

else

    switch Scenario

        case {'A2', 'B1', 'C1', 'C2', 'D1'}

            PropagCondition = LOSprobability(wimpar,linkpar,fixpar,iterpar);

        case {'B4'}

            PropagCondition = zeros(1,NumLinks);

    end

end



%indeces of LoS/NLoS links and the amount of them

iterpar.PropagCondition = PropagCondition;

LoSConnectionLinks = find(PropagCondition); iterpar.LoSConnectionLinks = LoSConnectionLinks;

NumLoSConnectionLinks = length(LoSConnectionLinks); iterpar.NumLoSConnectionLinks = NumLoSConnectionLinks;

NLoSConnectionLinks = find(PropagCondition==0); iterpar.NLoSConnectionLinks = NLoSConnectionLinks;

NumNLoSConnectionLinks = length(NLoSConnectionLinks); iterpar.NumNLoSConnectionLinks = NumNLoSConnectionLinks;



if NumLoSConnectionLinks == 0

    N(1) = 0;

end

if NumNLoSConnectionLinks == 0

    N(2) = 0;

end

N_max = max(N(1),N(2));

iterpar.N = N;





%FS, STEP 1-2, all users exhibit bad urban effect (long delays)

if strcmp(Scenario,'B2') | strcmp(Scenario,'C3')

    if strcmp(Scenario,'B2') 

        MsScatBsDist = sort(1000-(1000-300)*rand(NumNLoSConnectionLinks,2),2); %generate 2 scatterers for each user with distances from [1, table 4-3]

        FSLoss = 4; %power loss due to excess delay dB per us

    else

        MsScatBsDist = sort(3000-(3000-600)*rand(NumNLoSConnectionLinks,2),2); %generate 2 scatterers for each user with distances from [1, table 4-3]

        FSLoss = 2; %power loss due to excess delay dB per us

    end



    NumFSConnectionLinks = NumNLoSConnectionLinks;

    FSConnectionLinks = NLoSConnectionLinks;

    NumFSPaths = 2; %two last clusters for each path are created as FS (Far Scatter) clusters

else

    FSConnectionLinks = [];

    FSPaths = 0;

end







%-- STEP 3 --%

% employ the user-defined path loss model

%if isequal(lower(wimpar.PathLossModelUsed),'yes')

    [path_losses, linkpar, fixpar, iterpar] = feval(wimpar.PathLossModel,wimpar,linkpar,fixpar,iterpar);

    path_losses = 10.^(-path_losses(:)/10);    % a (NumLinks x 1) vector

%else

%    path_losses=NaN*ones(1,length(iterpar.UserIndeces));

%end



%-- STEP 4 --%

% Generation of correlated DS, AS's and SF for all users

% This step takes into account channel scenario automatically

sigmas = LScorrelation(wimpar,linkpar,fixpar,iterpar);

sigma_asD = sigmas(:,1);

sigma_asA = sigmas(:,2);

sigma_ds  = sigmas(:,3);

sigma_sf  = sigmas(:,4);

sigma_kf  = sigmas(:,5);



% generate vehicle penetration shadowing

sigma_sf_o2v = 10.^(0.1*5*randn(1,NumLinks)); %log-normal dB



%-- STEP 5 --%

%% Generate delays in a (NumLinks x N) matrix %%

% The unit of taus is seconds

if strcmpi(FixedPdpUsed,'no')

    sigma_ds = repmat(sigma_ds,1,N_max);             % delay spreads for all clusers/users

    taus = NaN*ones(NumLinks,N_max);

    taus_sorted = NaN*ones(NumLinks,N_max);

    taus_los = NaN*ones(NumLinks,N_max);

    taus_rounded = NaN*ones(NumLinks,N_max);



%     switch upper(Scenario)      % See distributions in [1, table 4-5]

% 

%         case {'A1','A2','B3','B4','C1','C2','C3','C4','D1','D2A'}

            if LoSConnectionLinks

                taus(LoSConnectionLinks,1:N(1)) = sort(-iterpar.LoS.r_DS*sigma_ds(LoSConnectionLinks,1:N(1)).*log(rand(NumLoSConnectionLinks,N(1))),2);  % Exp [1, eq. 4.1]

            end



            if NLoSConnectionLinks

                taus(NLoSConnectionLinks,1:N(2)) = sort(-iterpar.NLoS.r_DS*sigma_ds(NLoSConnectionLinks,1:N(2)).*log(rand(NumNLoSConnectionLinks,N(2))),2);  % Exp [1, eq. 4.1]

            end





%     end     % end switch



    taus_sorted(LoSConnectionLinks,1:N(1))  = taus(LoSConnectionLinks,1:N(1)) - repmat(taus(LoSConnectionLinks,1),1,N(1));       % normalize min. delay to zero

    taus_sorted(NLoSConnectionLinks,1:N(2))  = taus(NLoSConnectionLinks,1:N(2)) - repmat(taus(NLoSConnectionLinks,1),1,N(2));



    %FS STEP 4

    if FSConnectionLinks

        taus_sorted(FSConnectionLinks,N(2)-NumFSPaths+1:N(2)) = 0;

        ExcessDelayLoss = ((MsScatBsDist - repmat(MsBsDistance(FSConnectionLinks).',1,NumFSPaths))./ ...

            (repmat(3e8,NumFSConnectionLinks,NumFSPaths))).*1e6*FSLoss;

    end



    %in case of los, extra factor. Not be used in clusterpower calculation

    taus_without_los_factor = taus_sorted; %need to extract taus_sorted to taus_los, since the next step is not applied for the taus that is given as input parameter to powers generation

    if FSConnectionLinks

        taus_sorted(FSConnectionLinks,end-1:end) = MsScatBsDist./3e8; 

    end

    if NumLoSConnectionLinks

        K_factors = sigma_kf';

        K_factors_dB = 10*log10(abs(sigma_kf))';

        ConstantD = 0.7705-0.0433.*K_factors_dB(LoSConnectionLinks) + ...

            0.0002.*K_factors_dB(LoSConnectionLinks).^2 + 0.000017.*K_factors_dB(LoSConnectionLinks).^3; %[1, eq.4.3]

        taus_sorted(LoSConnectionLinks,1:N(1)) = taus_sorted(LoSConnectionLinks,1:N(1))./repmat(ConstantD.',1,N(1));

    end



else    % use fixed delays from a table

    [taus_los,Pprime_los,Kcluster_los,...

        taus_nlos,Pprime_nlos,Kcluster_nlos] = fixedPdp(wimpar,iterpar);    % the same for each link



    taus_sorted = NaN*ones(NumLinks,N_max);



    taus_sorted(LoSConnectionLinks,1:N(1)) = repmat(taus_los,NumLoSConnectionLinks,1);

    taus_sorted(NLoSConnectionLinks,1:N(2)) = repmat(taus_nlos,NumNLoSConnectionLinks,1);

    K_factors_dB(LoSConnectionLinks) = Kcluster_los(1,:); %dB

    K_factors(LoSConnectionLinks) = 10.^(K_factors_dB(LoSConnectionLinks)/10); %linear



end



% Rounding to delay grid

if (DelaySamplingInterval>0)

    taus_rounded = DelaySamplingInterval*floor(taus_sorted/DelaySamplingInterval + 0.5);

else

    taus_rounded = taus_sorted;

end



% end of delay generation



%-- STEP 6 --%

%% Determine random average powers in a (NumLinks x N) matrix %%

if strcmpi(FixedPdpUsed,'no')

    if LoSConnectionLinks

        ksi_LoS = randn(NumLoSConnectionLinks,N(1))*iterpar.LoS.LNS_ksi;           % per-path shadowing

    end

    if NLoSConnectionLinks

        ksi_NLoS = randn(NumNLoSConnectionLinks,N(2))*iterpar.NLoS.LNS_ksi;           % per-path shadowing

    end

    P = NaN*ones(NumLinks,N_max);

    Pprime = NaN*ones(NumLinks,N_max);



    % See distributions in [1, table 4-5]

    %for LoS links, with exponential distribution of delays [1, eq 4.3]

    if LoSConnectionLinks

        Pprime(LoSConnectionLinks,1:N(1)) =  exp(-taus_without_los_factor(LoSConnectionLinks,1:N(1)).*((iterpar.LoS.r_DS-1)./(iterpar.LoS.r_DS.*sigma_ds(LoSConnectionLinks,1:N(1))))).*10.^(-ksi_LoS/10);

    end

    if NLoSConnectionLinks

        %for NLoS links, with exponential distribution of delays [1, eq 4.3]

        Pprime(NLoSConnectionLinks,1:N(2)) =  exp(-taus_without_los_factor(NLoSConnectionLinks,1:N(2)).*((iterpar.NLoS.r_DS-1)./(iterpar.NLoS.r_DS.*sigma_ds(NLoSConnectionLinks,1:N(2))))).*10.^(-ksi_NLoS/10);



        %FS STEP 5

        if FSConnectionLinks

            Pprime(FSConnectionLinks,N(2)+1-NumFSPaths:N(2)) = Pprime(FSConnectionLinks,N(2)+1-NumFSPaths:N(2)) ...

                .* 10.^(-ExcessDelayLoss./10);

        end

    end



    %for LoS links

    if NumLoSConnectionLinks

        %temporary P_tmp that is used to replace P(LoSConnectionLinks,1:N(1)) after the angular directions have been created

        P_tmp = Pprime(LoSConnectionLinks,1:N(1))./repmat(sum(Pprime(LoSConnectionLinks,1:N(1)),2),1,N(1));

        %Kfactor calculations are here only for angular domain use

        SpecularRayPower = K_factors(LoSConnectionLinks)./(K_factors(LoSConnectionLinks)+1); %[1, eq.4.8]

        DiracVector = zeros(NumLoSConnectionLinks,N(1));

        DiracVector(:,1)=1;

        P(LoSConnectionLinks,1:N(1)) = repmat(1./(1+K_factors(LoSConnectionLinks).'),1,N(1)).*(Pprime(LoSConnectionLinks,1:N(1)) ...

            ./repmat(sum(Pprime(LoSConnectionLinks,1:N(1)),2),1,N(1))) + ...

            DiracVector.*repmat(SpecularRayPower.',1,N(1)); %[1, eq.4.9]

    end



    %for NLoS links

    if NumNLoSConnectionLinks

        P(NLoSConnectionLinks,1:N(2)) = Pprime(NLoSConnectionLinks,1:N(2))./repmat(sum(Pprime(NLoSConnectionLinks,1:N(2)),2),1,N(2));

    end



else    % use fixed powers from a table

    [taus_los,Pprime_los,Kcluster_los,...

        taus_nlos,Pprime_nlos,Kcluster_nlos] = fixedPdp(wimpar,iterpar);    % the same for each link



    % Replace number of paths by number of tabulated paths

    P = NaN*ones(NumLinks,N_max);

    P(LoSConnectionLinks,1:N(1)) = repmat(Pprime_los,NumLoSConnectionLinks,1);

    P(NLoSConnectionLinks,1:N(2)) = repmat(Pprime_nlos,NumNLoSConnectionLinks,1);

    P(LoSConnectionLinks,1:N(1)) = P(LoSConnectionLinks,1:N(1))./repmat(sum(P(LoSConnectionLinks,1:N(1)),2),1,N(1));

    P(NLoSConnectionLinks,1:N(2)) = P(NLoSConnectionLinks,1:N(2))./repmat(sum(P(NLoSConnectionLinks,1:N(2)),2),1,N(2));

end



%-- STEP 7 --%

%% Determine AoDs / AoAs %%

offset = [0.0447 0.1413 0.2492 0.3715 0.5129 0.6797 0.8844 1.1481 1.5195 2.1551]; % [1, Table 4-1] +/- offset angles, resulting Laplacian APS, with rms AS = 1 deg



if strcmpi(wimpar.FixedAnglesUsed,'no')



    [offset_matrix_AoD, offset_matrix_AoA] = offset_matrix_generation(offset,iterpar);



    AoDPrimer = NaN*ones(NumLinks,N_max);

    AoD_path = NaN*ones(NumLinks,N_max);

    AoAPrimer = NaN*ones(NumLinks,N_max);

    AoA_path = NaN*ones(NumLinks,N_max);



    %pick a correct scaling factor C in equation [1, Eq. 4.10]

    ScalingFactorC_matrix = NaN*ones(NumLinks,N_max);

    % Table of constant C in [1, step 7]

    switch upper(Scenario)

        case{'B1','C1','C2','B4','D1'}

            ConstantC = [4 5 8 10 11 12 14 15 16 19 20;...

            0.779 0.860 1.018 1.090 1.123 1.146 1.190 1.211 1.226 1.273 1.289];

        case{'A2'}

            ConstantC = [4 5 8 10 11 12 14 15 16 19 20;...

            0.779 0.860 1.018 1.090 1.123 1.146 1.190 1.434 1.226 1.501 1.289];

    end;

    if LoSConnectionLinks

        ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)) = ConstantC(2,find(ConstantC(1,:)==N(1)));

        %ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)) = ConstantCMapping(N(1));

        ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)) = ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)).*repmat((1.1035-0.028.*K_factors_dB(LoSConnectionLinks).'- ...

            0.002.*(K_factors_dB(LoSConnectionLinks).').^2+0.0001.*(K_factors_dB(LoSConnectionLinks).').^3),1,N(1));  %[1, eq.4.11]



        switch upper(Scenario)

            case{'B1','C1','C2','B4','D1'}

                ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)) = ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)).*repmat((1.1035-0.028.*K_factors_dB(LoSConnectionLinks).'- ...

                0.002.*(K_factors_dB(LoSConnectionLinks).').^2+0.0001.*(K_factors_dB(LoSConnectionLinks).').^3),1,N(1));  %[1, eq.4.11]

                AoDPrimer(LoSConnectionLinks,1:N(1)) = (2*repmat(sigma_asD(LoSConnectionLinks),1,N(1))/1.4.*sqrt(-log(P(LoSConnectionLinks,1:N(1))./repmat(max(P(LoSConnectionLinks,1:N(1)),[],2),1,N(1)))))./ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)); %[1, eq. 4.10]

                AoAPrimer(LoSConnectionLinks,1:N(1)) = (2*repmat(sigma_asA(LoSConnectionLinks),1,N(1))/1.4.*sqrt(-log(P(LoSConnectionLinks,1:N(1))./repmat(max(P(LoSConnectionLinks,1:N(1)),[],2),1,N(1)))))./ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)); %[1, eq. 4.10]

            case{'A2'}

                ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)) = ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)).*repmat((0.9275+0.0439.*K_factors_dB(LoSConnectionLinks).'- ...

                0.0071.*(K_factors_dB(LoSConnectionLinks).').^2+0.0002.*(K_factors_dB(LoSConnectionLinks).').^3),1,N(1));  %[1, eq.4.11]

                AoDPrimer(LoSConnectionLinks,1:N(1)) = -(repmat(sigma_asD(LoSConnectionLinks),1,N(1)).*(log(P(LoSConnectionLinks,1:N(1))./repmat(max(P(LoSConnectionLinks,1:N(1)),[],2),1,N(1)))))./ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)); %[1, eq. 4.10]

                AoAPrimer(LoSConnectionLinks,1:N(1)) = -(repmat(sigma_asA(LoSConnectionLinks),1,N(1)).*(log(P(LoSConnectionLinks,1:N(1))./repmat(max(P(LoSConnectionLinks,1:N(1)),[],2),1,N(1)))))./ScalingFactorC_matrix(LoSConnectionLinks,1:N(1)); %[1, eq. 4.10]



        end;

        

        X_AoD = (2*round(rand(NumLoSConnectionLinks,N(1)))-1);

        Y_AoD = repmat(sigma_asD(LoSConnectionLinks),1,N(1))/1.4/5.*randn(NumLoSConnectionLinks,N(1));

        AoD_path(LoSConnectionLinks,1:N(1)) = (AoDPrimer(LoSConnectionLinks,1:N(1)).*X_AoD + Y_AoD - ...

            (repmat(AoDPrimer(LoSConnectionLinks,1),1,N(1))*X_AoD(1) + Y_AoD(1) - repmat(ThetaBs(LoSConnectionLinks).',1,N(1)))); %[1, eq. 4.13]





        X_AoA = (2*round(rand(NumLoSConnectionLinks,N(1)))-1);

        Y_AoA = repmat(sigma_asA(LoSConnectionLinks),1,N(1))/1.4/5.*randn(NumLoSConnectionLinks,N(1));

        AoA_path(LoSConnectionLinks,1:N(1)) = (AoAPrimer(LoSConnectionLinks,1:N(1)).*X_AoA + Y_AoA - ...

            (repmat(AoAPrimer(LoSConnectionLinks,1),1,N(1))*X_AoA(1) + Y_AoA(1) - repmat(ThetaBs(LoSConnectionLinks).',1,N(1)))); %[1, eq. 4.13]





    end



    if NLoSConnectionLinks

        ScalingFactorC_matrix(NLoSConnectionLinks,1:N(2)) = ConstantC(2,find(ConstantC(1,:)==N(2)));

        %ScalingFactorC_matrix(NLoSConnectionLinks,1:N(2)) = ConstantCMapping(N(2));

         switch upper(Scenario)

            case{'B1','C1','C2','B4','D1'}

                AoDPrimer(NLoSConnectionLinks,1:N(2)) = (2*repmat(sigma_asD(NLoSConnectionLinks),1,N(2))/1.4.*sqrt(-log(P(NLoSConnectionLinks,1:N(2))./repmat(max(P(NLoSConnectionLinks,1:N(2)),[],2),1,N(2)))))./ScalingFactorC_matrix(NLoSConnectionLinks,1:N(2)); %[1, eq. 4.10]

                AoAPrimer(NLoSConnectionLinks,1:N(2)) = (2*repmat(sigma_asA(NLoSConnectionLinks),1,N(2))/1.4.*sqrt(-log(P(NLoSConnectionLinks,1:N(2))./repmat(max(P(NLoSConnectionLinks,1:N(2)),[],2),1,N(2)))))./ScalingFactorC_matrix(NLoSConnectionLinks,1:N(2)); %[1, eq. 4.10]

            case{'A2'}

                AoDPrimer(NLoSConnectionLinks,1:N(2)) = -(repmat(sigma_asD(NLoSConnectionLinks),1,N(2)).*(log(P(NLoSConnectionLinks,1:N(2))./repmat(max(P(NLoSConnectionLinks,1:N(2)),[],2),1,N(2)))))./ScalingFactorC_matrix(NLoSConnectionLinks,1:N(2)); %[1, eq. 4.10]

                AoAPrimer(NLoSConnectionLinks,1:N(2)) = -(repmat(sigma_asA(NLoSConnectionLinks),1,N(2)).*(log(P(NLoSConnectionLinks,1:N(2))./repmat(max(P(NLoSConnectionLinks,1:N(2)),[],2),1,N(2)))))./ScalingFactorC_matrix(NLoSConnectionLinks,1:N(2)); %[1, eq. 4.10]

        end;

        

        AoD_path(NLoSConnectionLinks,1:N(2)) = AoDPrimer(NLoSConnectionLinks,1:N(2)).* (2*round(rand(NumNLoSConnectionLinks,N(2)))-1) + ...

            repmat(sigma_asD(NLoSConnectionLinks),1,N(2))/1.4/5.*randn(NumNLoSConnectionLinks,N(2)) + ...

            repmat(ThetaBs(NLoSConnectionLinks).',1,N(2)); %[1, eq. 4.12]



        AoA_path(NLoSConnectionLinks,1:N(2)) = AoAPrimer(NLoSConnectionLinks,1:N(2)).* (2*round(rand(NumNLoSConnectionLinks,N(2)))-1) + ...

            repmat(sigma_asA(NLoSConnectionLinks),1,N(2))/1.4/5.*randn(NumNLoSConnectionLinks,N(2)) + ...

            repmat(ThetaMs(NLoSConnectionLinks).',1,N(2)); %[1, eq. 4.12]



    end



    AoD_tmp = repmat(reshape(AoD_path.',1,N_max*NumLinks),M,1);

    theta_nm_aod = AoD_tmp + offset_matrix_AoD; %[1, eq. 4.14] M x(NxNumLinks) matrix



    AoA_tmp = repmat(reshape(AoA_path.',1,N_max*NumLinks),M,1);

    theta_nm_aoa = AoA_tmp + offset_matrix_AoA; %[1, eq. 4.14] M x(NxNumLinks) matrix





    %-- STEP 8 --%

    % Pair AoA rays randomly with AoD rays (within a cluster)

    [dummy h]           = sort(rand(M,N_max*NumLinks),1);       % create N*NumLinks random permutations of integers [1:M]

    inds                = h+repmat([1:M:M*N_max*NumLinks],M,1)-1;

    theta_nm_aoa        = theta_nm_aoa(inds);    % random permutation of columns, a (M x N*NumLinks) matrix





else % use fixed AoD/AoAs (without random pairing of subpaths)



    % Determine AoDs %%

    [AoD_path_los,iterpar.PerClusterAS_D,...

        AoD_path_nlos,iterpar.NLoS.PerClusterAS_D] = fixedAods(wimpar,iterpar);    % the same for each link



    %Determine AoAs

    [AoA_path_los,iterpar.PerClusterAS_A,...

        AoA_path_nlos,iterpar.NLoS.PerClusterAS_A] = fixedAoas(wimpar,iterpar);    % the same for each link



    AoD_path = NaN*ones(NumLinks,N_max);

    AoA_path = NaN*ones(NumLinks,N_max);



    if LoSConnectionLinks

        AoD_path(LoSConnectionLinks,1:N(1)) = repmat(AoD_path_los,NumLoSConnectionLinks,1);

        AoA_path(LoSConnectionLinks,1:N(1)) = repmat(AoA_path_los,NumLoSConnectionLinks,1);

    end



    if NLoSConnectionLinks

        AoD_path(NLoSConnectionLinks,1:N(2)) = repmat(AoD_path_nlos,NumNLoSConnectionLinks,1);

        AoA_path(NLoSConnectionLinks,1:N(2)) = repmat(AoA_path_nlos,NumNLoSConnectionLinks,1);

    end



    AoD_tmp = repmat(reshape(AoD_path.',1,N_max*NumLinks),M,1);

    AoA_tmp = repmat(reshape(AoA_path.',1,N_max*NumLinks),M,1);



    [offset_matrix_AoD, offset_matrix_AoA] = offset_matrix_generation(offset,iterpar);



    %apply offset matrix

    % NOTE! now array orientation parameter ThetaBs is disabled and AoD is always

    % like in CDL model tables, 17.5.2006 PekKy.

    theta_nm_aod    = AoD_tmp + offset_matrix_AoD;      % a (M x (NumLinks*N)) matrix

    theta_nm_aoa    = AoA_tmp + offset_matrix_AoA;      % a (M x (NumLinks*N)) matrix

end





% Values of theta_nm_aoa and theta_nm_aod may be outside (-180,180).

% Wrapping of angles to range (-180,180)

theta_nm_aoa = prin_value(theta_nm_aoa);

theta_nm_aod = prin_value(theta_nm_aod);





% put AoDs and AoAs into a 3D-array with dims [NumLinks N M]

theta_nm_aod=reshape(theta_nm_aod,M,N_max,NumLinks);

theta_nm_aod=permute(theta_nm_aod,[3 2 1]);

theta_nm_aoa=reshape(theta_nm_aoa,M,N_max,NumLinks);

theta_nm_aoa=permute(theta_nm_aoa,[3 2 1]);



%-- STEP 10a --%

phi = 360*rand(NumLinks,N_max,M);        % random phases for all users, Uni(0,360)



%set to NaN those that are not valid

if N(1) < N(2)

    phi(LoSConnectionLinks,end+1-(N(2)-N(1)):end,:) = NaN;

elseif N(1) < N(2)

    phi(NLoSConnectionLinks,end+1-(N(1)-N(2)):end,:) = NaN;

end



%replace the kfactor related powers with powers independent of Kfactor. Kfactor information will be used in wim_core-function

if NumLoSConnectionLinks & strcmp(FixedPdpUsed,'no')

    P(LoSConnectionLinks,1:N(1)) = P_tmp; %P_tmp exists only in LoS case

end



%%% Output generation %%%

bulk_parameters=struct( 'delays',taus_rounded,...

    'path_powers',P,...

    'aods',theta_nm_aod,...         % in degrees

    'aoas',theta_nm_aoa,...         % in degrees

    'subpath_phases',phi,...        % in degrees

    'path_losses',path_losses,...   % in linear scale

    'MsBsDistance',MsBsDistance,... % This output is needed since the originally generated MsBsDistances are fitted inside the applicabity ranges of the Scenarios

    'shadow_fading',sigma_sf,...    % in linear scale

    'sigmas',sigmas, ...

    'propag_condition', PropagCondition.',...

    'LoS02ILinks', linkpar.LoS02ILinks,...

    'LoS02VLinks', linkpar.LoS02VLinks,...

    'NLoS02ILinks', linkpar.NLoS02ILinks,...

    'NLoS02VLinks', linkpar.NLoS02VLinks,...

    'o2v_shadow_fading',sigma_sf_o2v,...

    'user_indeces',UserIndeces.',...

    'Kcluster',sigmas(:,5)');



if strcmpi(FixedPdpUsed,'no')

    Phi_LOS = NaN*ones(NumLinks,1);

    Phi_LOS(LoSConnectionLinks) = 360*(rand(NumLoSConnectionLinks,1)-0.5);

    bulk_parameters.Phi_LOS = Phi_LOS;



elseif strcmpi(FixedPdpUsed,'yes')

    % set the LOS phase randomly

    Phi_LOS = NaN*ones(NumLinks,1);

    Phi_LOS(LoSConnectionLinks) = 360*(rand(NumLoSConnectionLinks,size(K_factors,1))-0.5);



    bulk_parameters.Phi_LOS = Phi_LOS;

end



%-- STEP 9 - STEP10b --%

if strcmpi(PolarisedArrays,'yes')



    % generate random phases for 2x2 polarisation matrix elements

    phi = 360*rand(NumLinks,4,N_max,M);      % random phases for all users: [NumLinks pol path subpath]



    xpr_dB = randn(NumLinks,N_max,M);

    

    % get XPR distribution parameters (log-Normal)

    if LoSConnectionLinks

        xpr_mu_los = iterpar.LoS.xpr_mu;         % XPR mean [dB]

        xpr_sigma_los = iterpar.LoS.xpr_sigma;   % XPR std  [dB]

        xpr_dB(LoSConnectionLinks, 1:N(1),:)= xpr_dB(LoSConnectionLinks, 1:N(1),:)*xpr_sigma_los+xpr_mu_los;  % XPR [dB]

    end



    if NLoSConnectionLinks

        xpr_mu_nlos = iterpar.NLoS.xpr_mu;         % XPR mean [dB]

        xpr_sigma_nlos = iterpar.NLoS.xpr_sigma;   % XPR std  [dB]

        xpr_dB(NLoSConnectionLinks, 1:N(2),:)= xpr_dB(NLoSConnectionLinks, 1:N(2),:)*xpr_sigma_nlos+xpr_mu_nlos;  % XPR [dB]

    end



    % generate XPRs, dimensions are [NumLinks N M]

    xpr = 10.^(xpr_dB/10);     % XPR [linear]

    

    if N(1) < N(2)

        phi(LoSConnectionLinks,:,end+1-(N(2)-N(1)):end,:) = NaN;

        xpr(LoSConnectionLinks,end+1-(N(2)-N(1)):end,:) = NaN;

    elseif N(1) < N(2)

        phi(NLoSConnectionLinks,:,end+1-(N(1)-N(2)):end,:) = NaN;

        xpr(NLoSConnectionLinks,end+1-(N(1)-N(2)):end,:) = NaN;

    end



    % output

    bulk_parameters.subpath_phases = phi;        % in degrees

    bulk_parameters.xpr = xpr;                 % in linear scale



end

% end of output generation





% end of function stochastic











%%



%%%%%%%%%%%%%%%%%%% Variable definition %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function to generate bulk parameters for B5 feeder scenarios

% See [1, Sec.5.3.1].

function bulk_parameters=static(wimpar,linkpar,antpar,fixpar,iterpar)



% NOTE! B5 scenario is only a CDL model with fixed parameters.



%First some checks.

if  ~(linkpar.MsVelocity==0) %KTH

    linkpar.MsVelocity=0;

end;%KTH



Scenario = iterpar.Scenario;

UserIndeces = iterpar.UserIndeces;

MsBsDistance = linkpar.MsBsDistance(UserIndeces);

NumLinks     = length(UserIndeces);



switch Scenario

    case {'B5a', 'B5b', 'B5c'}

        evalstr = sprintf('iterpar.LoS = fixpar.%s;',Scenario);

        eval(evalstr);

    case {'B5f'}

        evalstr = sprintf('iterpar.NLoS = fixpar.%s;',Scenario);

        eval(evalstr);

end



%extract line of sight probability

switch Scenario

    case {'B5a', 'B5b', 'B5c'}

        PropagCondition = ones(1,NumLinks);

    case {'B5f'}

        PropagCondition = zeros(1,NumLinks);

end



%indeces of LoS/NLoS links and the amount of them

iterpar.PropagCondition = PropagCondition;

LoSConnectionLinks = find(PropagCondition); iterpar.LoSConnectionLinks = LoSConnectionLinks;

NumLoSConnectionLinks = length(LoSConnectionLinks); iterpar.NumLoSConnectionLinks = NumLoSConnectionLinks;

NLoSConnectionLinks = find(PropagCondition==0); iterpar.NLoSConnectionLinks = NLoSConnectionLinks;

NumNLoSConnectionLinks = length(NLoSConnectionLinks); iterpar.NumNLoSConnectionLinks = NumNLoSConnectionLinks;



if strcmpi(Scenario,'b5b')%KTH

    if ~isfield(wimpar,'range')%KTH

        error('The field wimpar.range must exist in the stationary feeder scenario')%KTH

    end;%KTH

end;%KTH



if strcmpi(wimpar.AnsiC_core,'yes')%KTH

    error('The scenario B5 is only implemented in matlab not in ANSI-C.')%KTH

end;%KTH



%%%% Define local variables

M                     = wimpar.NumSubPathsPerPath;   %KTH

DelaySamplingInterval = wimpar.DelaySamplingInterval;%KTH



% make sure that user-specific parameters are row vectors

ThetaBs      = linkpar.ThetaBs(UserIndeces);

ThetaMs      = linkpar.ThetaMs(UserIndeces);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



[taus_los,Pprime_los,Kcluster_los,...

    taus_nlos,Pprime_nlos,Kcluster_nlos] = fixedPdp(wimpar,iterpar);    % the same for each link



% Replace number of paths by number of tabulated paths

N(1) = length(find(~isnan(taus_los)));

N(2) = length(find(~isnan(taus_nlos)));

N_max = max(N(1),N(2));

iterpar.N = N;



taus_sorted = NaN*ones(NumLinks,N_max);

taus_sorted(LoSConnectionLinks,1:N(1)) = repmat(taus_los,NumLoSConnectionLinks,1);

taus_sorted(NLoSConnectionLinks,1:N(2)) = repmat(taus_nlos,NumNLoSConnectionLinks,1);



% Rounding to delay grid

if (DelaySamplingInterval>0)

    taus_rounded = DelaySamplingInterval*floor(taus_sorted/DelaySamplingInterval + 0.5);

else

    taus_rounded = taus_sorted;

end



P = NaN*ones(NumLinks,N_max);

P(LoSConnectionLinks,1:N(1)) = repmat(Pprime_los,NumLoSConnectionLinks,1);

P(NLoSConnectionLinks,1:N(2)) = repmat(Pprime_nlos,NumNLoSConnectionLinks,1);

P(LoSConnectionLinks,1:N(1)) = P(LoSConnectionLinks,1:N(1))./repmat(sum(P(LoSConnectionLinks,1:N(1)),2),1,N(1));

P(NLoSConnectionLinks,1:N(2)) = P(NLoSConnectionLinks,1:N(2))./repmat(sum(P(NLoSConnectionLinks,1:N(2)),2),1,N(2));





%transform Kcluster to linear

Kcluster = NaN*ones(NumLinks,1);

Kcluster(LoSConnectionLinks,:) = 10.^(Kcluster_los(1,:)/10);    % tranform to linear



offset = [0.0447 0.1413 0.2492 0.3715 0.5129 0.6797 0.8844 1.1481 1.5195 2.1551]; %KTH [1, Table 4-1] +/- offset angles, resulting Laplacian APS, with rms AS = 1 deg



% Determine AoDs %%

[AoD_path_los,iterpar.LoS.PerClusterAS_D,...

    AoD_path_nlos,iterpar.NLoS.PerClusterAS_D] = fixedAods(wimpar,iterpar);    % the same for each link



AoD_path = NaN*ones(NumLinks,N_max);

AoD_path(LoSConnectionLinks,1:N(1)) = repmat(AoD_path_los,NumLoSConnectionLinks,1);

AoD_path(NLoSConnectionLinks,1:N(2)) = repmat(AoD_path_nlos,NumNLoSConnectionLinks,1);



AoD_tmp = repmat(reshape(AoD_path.',1,N_max*NumLinks),M,1);



%Determine AoAs

[AoA_path_los,iterpar.LoS.PerClusterAS_A,...

    AoA_path_nlos,iterpar.NLoS.PerClusterAS_A] = fixedAoas(wimpar,iterpar);    % the same for each link



AoA_path = NaN*ones(NumLinks,N_max);

AoA_path(LoSConnectionLinks,1:N(1)) = repmat(AoA_path_los,NumLoSConnectionLinks,1);

AoA_path(NLoSConnectionLinks,1:N(2)) = repmat(AoA_path_nlos,NumNLoSConnectionLinks,1);



AoA_tmp = repmat(reshape(AoA_path.',1,N_max*NumLinks),M,1);



[offset_matrix_AoD, offset_matrix_AoA] = offset_matrix_generation(offset,iterpar);



%apply offset matrix

% NOTE! now array orientation parameter ThetaBs is disabled and AoD is always

% like in CDL model tables, 17.5.2006 PekKy.

theta_nm_aod    = AoD_tmp + offset_matrix_AoD;      % a (M x (NumLinks*N)) matrix

theta_nm_aoa    = AoA_tmp + offset_matrix_AoA;      % a (M x (NumLinks*N)) matrix



%Pair AoA rays randomly with AoD rays (within a cluster)

[dummy h]           = sort(rand(M,N_max*NumLinks),1);       % create N*NumLinks random permutations of integers [1:M]

inds                = h+repmat([1:M:M*N_max*NumLinks],M,1)-1;

theta_nm_aoa        = theta_nm_aoa(inds);    % rand



% Values of theta_nm_aoa and theta_nm_aod may be outside (-180,180).

% Wrapping of angles to range (-180,180)

theta_nm_aoa = prin_value(theta_nm_aoa);

theta_nm_aod = prin_value(theta_nm_aod);



%scatterer frequency

scatterer_freq = fixedScatterFreq(wimpar,iterpar);%KTH

scatterer_freq = repmat(scatterer_freq,1,NumLinks);%KTH



Phi_LOS = NaN*ones(NumLinks,1);

Phi_LOS(LoSConnectionLinks) = 360*(rand(NumLoSConnectionLinks,1)-0.5); %KTH

phi = 360*rand(NumLinks,N_max,M);        % random phases for all users



% employ the user-defined path loss model

[path_losses, linkpar, fixpar, iterpar] = feval(wimpar.PathLossModel,wimpar,linkpar,fixpar,iterpar);

path_losses = 10.^(-path_losses(:)/10);    % a (NumLinks x 1) vector

%path_losses = ones(NumLinks,1);



% Shadow-fading

% NOTE! all the links are fully uncorrelated, changed 12.12.2005 by Pekka

% BsNumber = linkpar.BsNumber(:);

% NumOfBs = max(BsNumber);

switch lower((Scenario))

    case {'b5a','b5c','b5f'}

        SF_sigma=3.4*ones(NumLinks,1);

    case 'b5b'

        lambda=3e8/wimpar.CenterFrequency;

        breakpoint_distance=4*(linkpar.MsHeight(UserIndeces)-1.6).*(linkpar.BsHeight(UserIndeces)-1.6)/lambda;

        within_breakpoint=MsBsDistance<breakpoint_distance;

        SF_sigma=(within_breakpoint*3+(~within_breakpoint)*7)';

end; %% switch

sigma_sf  = 10.^(0.1*(SF_sigma.*randn(NumLinks,1)));

%sigma_sf  = sigma_sf_all_sites(BsNumber);





% put AoDs, AoAs, scatter_freq and power?? gains into a 3D-array with dims [NumLinks N M]

theta_nm_aod=reshape(theta_nm_aod,M,N_max,NumLinks);  %KTH

theta_nm_aod=permute(theta_nm_aod,[3 2 1]);   %KTH

theta_nm_aoa=reshape(theta_nm_aoa,M,N_max,NumLinks);  %KTH

theta_nm_aoa=permute(theta_nm_aoa,[3 2 1]);   %KTH

scatterer_freq=reshape(scatterer_freq,M,N_max,NumLinks);  %KTH

scatterer_freq=permute(scatterer_freq,[3 2 1]);   %KTH



bulk_parameters=struct( 'delays',taus_rounded,...

    'path_powers',P,...                 %before: 'subpath_powers',Psub,...

    'aods',theta_nm_aod,...             %

    'aoas',theta_nm_aoa,...

    'subpath_phases',phi,...

    'Kcluster',Kcluster,...           % in dB.

    'Phi_LOS',Phi_LOS,...               % phases for LOS paths, in degrees

    'path_losses',path_losses,...       % in linear scale

    'shadow_fading',sigma_sf,...          % in linear scale

    'MsBsDistance',MsBsDistance,... % This output is needed since the originally generated MsBsDistances are fitted inside the applicabity ranges of the Scenarios

    'scatterer_freq',scatterer_freq,...

    'propag_condition', PropagCondition.',...

    'LoSO2ILinks', linkpar.LoSO2ILinks,...

    'LoSO2VLinks', linkpar.LoSO2VLinks,...

    'NLoSO2ILinks', linkpar.NLoSO2ILinks,...

    'NLoSO2VLinks', linkpar.NLoSO2VLinks,...

    'o2v_shadow_fading', linkpar.sigma_sf_o2v,...

    'user_indeces',UserIndeces.');%KTH



%-- STEP 9 - STEP10b --%

if strcmpi(wimpar.PolarisedArrays,'yes')



    % generate random phases for 2x2 polarisation matrix elements

    phi = 360*rand(NumLinks,4,N_max,M);      % random phases for all users: [NumLinks pol path subpath]



    xpr_dB = randn(NumLinks,N_max,M);



    % get XPR distribution parameters (log-Normal)

    if LoSConnectionLinks

        xpr_mu_los = iterpar.LoS.xpr_mu;         % XPR mean [dB]

        xpr_sigma_los = iterpar.LoS.xpr_sigma;   % XPR std  [dB]

        xpr_dB(LoSConnectionLinks, 1:N(1),:)= xpr_dB(LoSConnectionLinks, 1:N(1),:)*xpr_sigma_los+xpr_mu_los;  % XPR [dB]

    end



    if NLoSConnectionLinks

        xpr_mu_nlos = iterpar.NLoS.xpr_mu;         % XPR mean [dB]

        xpr_sigma_nlos = iterpar.NLoS.xpr_sigma;   % XPR std  [dB]

        xpr_dB(NLoSConnectionLinks, 1:N(2),:)= xpr_dB(NLoSConnectionLinks, 1:N(2),:)*xpr_sigma_nlos+xpr_mu_nlos;  % XPR [dB]

    end



    % generate XPRs, dimensions are [NumLinks N M]

    xpr = 10.^(xpr_dB/10);     % XPR [linear]



    if N(1) < N(2)

        phi(LoSConnectionLinks,:,end+1-(N(2)-N(1)):end,:) = NaN;

        xpr(LoSConnectionLinks,end+1-(N(2)-N(1)):end,:) = NaN;

    elseif N(1) < N(2)

        phi(NLoSConnectionLinks,:,end+1-(N(1)-N(2)):end,:) = NaN;

        xpr(NLoSConnectionLinks,end+1-(N(1)-N(2)):end,:) = NaN;

    end



    % output

    bulk_parameters.subpath_phases = phi;        % in degrees

    bulk_parameters.xpr = xpr;                 % in linear scale



end

%%













WIM2_ITU_ChannelModel_ver4/interp_gain.m


function gains = interp_gain(field_patterns, angles, at_values, interp_method)

%INTERP_GAIN Antenna field pattern interpolation

%   G = INTERP_GAIN(PAT, ANGLES, DATA, METHOD) are the complex antenna 

%   field patterns interpolated at azimuth angles given in DATA, 

%   given in degrees. SIZE(G)=[NUM_EL SIZE(DATA)], where NUM_EL is the 

%   number of rows in matrix PAT. PAT has LENGTH(ANGLES) columns; ANGLES 

%   is a vector defining the angles (in degrees) at which the antenna 

%   element patterns in the rows of PAT have been defined. Note: LENGTH(ANGLES)

%   must equal SIZE(PAT,2), i.e. all field patterns have to be specified 

%   over the same azimuth grid. 

%   

%   METHOD is a string defining interpolation method. For a list of methods,

%   see INTERP1. It is recommended that the antenna field patterns in PAT 

%   are given so that there are no duplicate points in ANGLES and that the 

%   support of the interpolated function spans over the entire azimuth

%   angle, i.e. 360 degrees. (Note that e.g. linear interpolation cannot 

%   extrapolate values falling outside the support of the interpolated 

%   function.)

%

%   Phase and magnitude are interpolated separately. 

%

%   Elevation interpolation is not supported currently.

%   

%   See also INTERP_GAIN_C.



%   Authors: Jari Salo (HUT), Jussi Salmi (HUT), Giovanni Del Galdo (TUI)

%   $Revision: 0.1 $  $Date: July 22, 2004$





% if it's a vector, make sure that it's a row vector

if (min(size(field_patterns,2)==1))

    field_patterns=field_patterns(:).';

end



if (size(field_patterns,2) ~= length(angles(:)))

    error('Size mismatch in antenna parameters! ')

end



siz_at_values    = size(at_values);

nd               = ndims(at_values);

num_elements     = size(field_patterns,1);



at_values=prin_value(at_values);



% interpolation

% Note that extrapolation is not possible with e.g. linear interpolation

% Note also that interpolated values are in degrees

if (isreal(field_patterns)==0)  % if complex-valued do amplitude and phase separately

    int_gain = interp1(angles(:), abs(field_patterns.'), at_values(:),interp_method);

    int_phase = interp1(angles(:), unwrap(angle(field_patterns.'),1), at_values(:),interp_method);

else    % otherwise interpolate only the real part

    int_gain = interp1(angles(:), field_patterns.', at_values(:),interp_method);

    int_phase= -pi*(-0.5+0.5*sign(int_gain));   % take into account the sign of real part

end



% back to complex values, this has size [PROD(siz_at_values) num_elements] 

abs_gain=abs(int_gain);

gains=complex(abs_gain.*cos(int_phase), abs_gain.*sin(int_phase));



% make the output size [num_elements siz_at_values]

gains=reshape(gains,[siz_at_values num_elements]);

gains=permute(gains,[nd+1 1:nd]);







%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that maps inputs from (-inf,inf) to (-180,180)

function y=prin_value(x)

y=mod(x,360);

y=y-360*floor(y/180);











WIM2_ITU_ChannelModel_ver4/interp_gain_c.m


function gains = interp_gain_c(field_patterns, angles, at_values, interp_method)
%INTERP_GAIN_C Antenna field pattern interpolation (requires GSL)
%   G = INTERP_GAIN_C(PAT, ANGLES, DATA, METHOD) are the
%   complex antenna field patterns interpolated at azimuth angles given in DATA, 
%   given in degrees. SIZE(G)=[NUM_EL SIZE(DATA)], where NUM_EL is the 
%   number of rows in matrix PAT. PAT has LENGTH(ANGLES) columns; ANGLES 
%   is a vector defining the angles (in degrees) at which the antenna 
%   element patterns in the rows of PAT have been defined. Note: LENGTH(ANGLES)
%   must equal SIZE(PAT,2), i.e. all field patterns have to be specified 
%   over the same azimuth grid. 
%   
%   METHOD is a string defining interpolation method. The recommended methods
%   are:
%   'linear'        =   linear interpolation   
%   'cspline'       =   cubic spline with periodic boundary conditions
%   'nearest'       =   rounds to nearest known point
%
%   The default method is 'cspline'. Note that 'linear' cannot extrapolate
%   values falling outside the support of the interpolated function and 
%   'nearest' requires that ANGLES is uniformly sampled in angular domain.
%
%   Usage of this function requires that interp_gain_mex.c is compiled. 
%   To compile, type 
%
%       mex -lgsl -lgslcblas -lm interp_gain_mex.c 
%
%   The compilation requires that GNU Scientific Library (GSL) is properly
%   installed in your system and the mex compiler is able to use it.  
%   
%   It is recommended that the antenna field patterns in PAT are given 
%   so that there are no duplicate points in ANGLES and that the 
%   support of the interpolated function spans over the entire azimuth
%   angle, i.e. 360 degrees. 
%
%   Real and imaginary parts are interpolated separately. Elevation 
%   interpolation is not supported currently.
%
%   Ref.: http://www.gnu.org/software/gsl/
%
%   See also INTERP_GAIN.
 
%   Author: Jussi Salmi (HUT), Jari Salo (HUT)
%   $Revision: 0.1 $  $Date: Aug 11, 2004$


% field_pattern - complex field patterns of the antennas, SIZE()=[NUM_EL AZ_VALUES] 
% angles        - a vector with LENGTH(AZ_VALUES)
% at_values     - an N-D array
% gains         - interpolated complex gains, SIZE()=[NUM_EL SIZE(at_values)]


if (size(field_patterns,2) ~= numel(angles))
    error('Size mismatch in antenna parameters! ')
end

siz_at_values    = size(at_values);
nd               = ndims(at_values);
num_elements     = size(field_patterns,1);

tol = 1e-5; % tolerance to be added if dublicate angles excist

% next lines sort the interpolation values in ascending order and 
% check if there are same values more than once.
[angles I] = sort(angles);
Id = 1;
while (~isempty(Id))
    y_diff = diff(angles); 
    Id = find(y_diff==0);
    angles(Id) = angles(Id) - tol;
end

% check interpolation method
% Additional methods are:
% 'csplinenat'    =   cubic spline with natural boundary conditions
% 'akima'         =   Non-rounded Akima spline with natural boundary conditions.
% 'akimap'        =   Non-rounded Akima spline with periodic boundary conditions.

if isequal(lower(interp_method),'linear')
    type = 1;
else
    if isequal(lower(interp_method),'cspline')
        type = 2;
    else
        if isequal(lower(interp_method),'nearest')
            type = 3;
        else
            if isequal(lower(interp_method),'csplinenat')
                type = 4;
            else
                if isequal(lower(interp_method),'akima')
                    type = 5;
                else
                    if isequal(lower(interp_method),'akimap')
                        type = 6;
                    else
                        type = 2; % default is 'cspline'
                    end
                end
            end
        end
    end
end
        
% interpolate real part values 
% extrapolate values outside the user-defined antenna pattern 
interp_real = interp_gain_mex(angles(:), real(field_patterns(:,I).'), at_values(:),type);

if isreal(field_patterns) % check if fieldpatterns is real valued
    gains = interp_real;
    
else    % fieldpatterns is complex
    
    % Interpolate imaginary part. Note that interpolated values are in degrees
    % extrapolate values outside the user-defined antenna pattern
    interp_imag = interp_gain_mex(angles(:), imag(field_patterns(:,I).'), at_values(:),type);
    
    % back to complex values, this has size [PROD(siz_at_values) num_elements] 
    gains=complex(interp_real,interp_imag);
end

% make the output size [num_elements siz_at_values]
gains=reshape(gains,[siz_at_values num_elements]);
gains=permute(gains,[nd+1 1:nd]);










WIM2_ITU_ChannelModel_ver4/layout2link.m


function linkpar=layout2link(layoutpar)

%LAYOUT2LINK Layout to link parameter conversion for WIM.

%   LINKPAR=LAYOUT2LINK(LAYOUTPAR) returns extended set of link parameters

%   in the case of layout parameters are defined. It converts layout

%   parameters to Ms/Bs distances, LOS directions etc. LAYOUT2LINK is used with 

%   WIM the following way: [..] = wim(wimparset,layout2link(layoutpar),antpar).

%   The function pair LAYOUT2LINK(LAYOUTPAR(..)) is optional to function

%   LINKPARSET and will be used if MS/BS locations are given in (x,y)

%   co-ordinates.

%

%   The output parameters are:

%

%   BsXY         - directly from LAYOUTPAR, NOTE! rounding to 1m resolution 

%   NofSect      - directly from LAYOUTPAR 

%   BsOmega      - directly from LAYOUTPAR

%   MsXY         - directly from LAYOUTPAR, NOTE! rounding to 1m resolution 

%   MsOmega      - directly from LAYOUTPAR

%   Pairing      - directly from LAYOUTPAR

%   MsBsDistance - calculated from LAYOUTPAR

%   ThetaBs      - calculated from LAYOUTPAR

%   ThetaMs      - calculated from LAYOUTPAR

%   MsVelocity   - defined in LAYOUTPAR 

%   MsDirection  - defined in LAYOUTPAR

%   StreetWidth  - defined in LAYOUTPAR

%   Dist2        - defined in LAYOUTPAR

%

%   See [1, Fig. 6.1 and 6.2].

%

%   Ref. [1]: D1.1.1 V1.0, "WINNER II interim channel models"

%

%   See also WIM, LAYOUTPARSET, WIMPARSET, LINKPARSET, ANTPARSET.



%   Authors: Pekka Kyösti (EBIT)

%





BsXY = round(layoutpar.BsXY);

NofSect = layoutpar.NofSect;

BsOmega = layoutpar.BsOmega;

MsXY = round(layoutpar.MsXY);

MsOmega = layoutpar.MsOmega;

Pairing = layoutpar.Pairing;

 

% linkpar struct with layout parameters included

linkpar=struct( 'BsXY',    [],...

                'NofSect', [],...

                'BsOmega', [],...

                'MsXY',    [],...

                'MsOmega', [],...   

                'Pairing', [],...

                'ScenarioVector',[],...

                'PropagConditionVector',[],...

                'MsBsDistance', [],...

                'ThetaBs', [],...

                'ThetaMs', [],...

                'MsHeight',[],... 

                'BsHeight',[],...

                'MsVelocity', [],...

                'MsDirection', [],...

                'StreetWidth', [],...

                'NumFloors', [],...

                'NumPenetratedFloors', [],...

                'Dist1', []);





% get number of links and Ms & Sector indices            

K = sum(Pairing(:));    % number of links

[r c] = find(Pairing);

indMs = c';      % links coupling to MSs

indSect = r';    % links coupling to Sectors

% get links coupling to BSs

tmpsum = cumsum(NofSect);

for k=1:length(r)

    tmp = find(diff(r(k)<=tmpsum));

    if isempty(tmp)

        indBs(k)=1;

    else

        indBs(k)=tmp+1;

    end

end





% MS-Sector distance

linkpar.MsBsDistance = sqrt(sum((BsXY(:,indBs)-MsXY(:,indMs)).^2));  % [1, eq. 6.2]



% LOS direction from BS Sector array to MS wrt array broad side

SectOmega = BsOmega(indSect);

if size(SectOmega,1)>1 SectOmega = SectOmega'; end

%tmp = -atan((MsXY(2,indMs)-BsXY(2,indBs))./(MsXY(1,indMs)-BsXY(1,indBs)))-SectOmega;

tmp = -atan((MsXY(2,indMs)-BsXY(2,indBs))./(MsXY(1,indMs)-BsXY(1,indBs)))/pi*180-SectOmega; 

ThetaBs = tmp+((MsXY(1,indMs)>=BsXY(1,indBs))*2-1)*90;   % [1, eq. 6.2]

linkpar.ThetaBs = prin_value(ThetaBs);



% LOS direction from MS array to BS wrt array broad side

%tmp = -atan((BsXY(2,indBs)-MsXY(2,indMs))./(BsXY(1,indBs)-MsXY(1,indMs)))-MsOmega(indMs);

tmp = -atan((BsXY(2,indBs)-MsXY(2,indMs))./(BsXY(1,indBs)-MsXY(1,indMs)))/pi*180-MsOmega(indMs);

ThetaMs = tmp+((BsXY(1,indBs)>=MsXY(1,indMs))*2-1)*90;   % similar to [1, eq. 6.2]

linkpar.ThetaMs = prin_value(ThetaMs);



% the rest of the link parameters

linkpar.ScenarioVector        = layoutpar.ScenarioVector;

linkpar.PropagConditionVector = layoutpar.PropagConditionVector;

linkpar.MsHeight              = layoutpar.MsHeight(indMs);

linkpar.BsHeight              = layoutpar.BsHeight(indBs);

linkpar.MsVelocity            = layoutpar.MsVelocity(indMs);

linkpar.MsDirection           = layoutpar.MsDirection(indMs);

linkpar.StreetWidth           = layoutpar.StreetWidth;

linkpar.NumFloors             = layoutpar.NumFloors;

linkpar.NumPenetratedFloors   = layoutpar.NumPenetratedFloors;

linkpar.Dist1                 = layoutpar.Dist1;



% convert actual layoutpar to linkpar

linkpar.BsXY    = BsXY;

linkpar.NofSect = NofSect;

linkpar.BsOmega = BsOmega;

linkpar.MsXY    = MsXY;

linkpar.MsOmega = MsOmega;

linkpar.Pairing = Pairing;



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that maps inputs from (-inf,inf) to (-180,180)

function y=prin_value(x)

y=mod(x,360);

y=y-360*floor(y/180);











WIM2_ITU_ChannelModel_ver4/layoutparset.m


function layoutpar=layoutparset(varargin)

%LAYOUTPARSET Link parameter configuration for WIM

%   LAYOUTPAR=LAYOUTPARSET(NofMs,NofBs,SectPerBs,K) is a struct consisting 

%   of randomly generated network layout parameters. BS and MS positions 

%   are set and a pairing matrix with K links between is generated.

%   LAYOUTPAR=LAYOUTPARSET(NofMs,NofBs,K,RMAX) uses layout range

%   RMAX for generation of MS and BS positions on cartesian co-ordinate

%   system (default: 100 meters).

%

%   LAYOUTPAR=LAYOUTPARSET(...,SEED) sets the random seed used in layout

%   parameter generation. 

%

%   The parameters and their defaults are:

%

%   BsXY        - matrix of BS (x,y) co-ordinates with dimensions 2xNofBs [m]

%   NofSect     - vector of number of sectors in each of the BSs, default=ones(1,NofBs)

%   BsOmega     - matrix of BS array broad side orientations in a sector [deg]

%   MsXY        - matrix of MS (x,y) co-ordinates with dimensions 2xNofMs  [m]

%   MsOmega     - vector of MS array broad side orientations [deg] [1, Fig 5-2]

%   Pairing     - matrix defining which links are modelled, NofSect x NofMs

%

%   ScenarioVector        - maps scenario names to links (see ScenarioMapping.m)

%   PropagConditionVector - maps propagation condition (NLOS=0/LOS=1) to links

%   MsVelocity  - 10 meters per second 

%   MsDirection - U(-180,180) degrees with respect to broadside

%   StreetWidth - 25 meters

%   NumFloors   - For scenarios A2/B4 this determines the floor number of BS/MS 

%   NumPenetratedFloors   - Number of floor between BS/MS for the A1 path loss (default is zero)

%   Dist1       - Distance from BS to "the street crossing" (last LOS point), default NaN -> will be drawn randomly



%

%   See [1, Fig. 5-1 and 5-2].

%   

%   Some notes about the parameters:

%

%   - Co-ordinates of Bs and Ms should be given in meters with resolution

%     of 1 meter. One meter resolution is assumed in auto-correlation

%     generation of LScorrelation.m function.

%   - BsOmega is a matrix with dimensions max(NofSect)xNofBs. Each column

%     of the matrix contains orientations of sectorised arrays with respect

%     to some fixed North direction. If some BS have less sectors than

%     others, the non-existing sector orientations are set to zero. E.g.

%     setup with 2 BS, one with 1 sector and other with 3 sectors. In this

%     case orientation matrix could be e.g. BsOmega = [11 22; 0 33; 0 44].

%   - Pairing is a matrix with dimensions NofSect x NofMs, i.e. one entry for

%     each BS sector/MS pair. Value '1' stands for "link will be modelled"

%     and value '0' stands for "link will not be modelled". E.g. with all ones

%     matrix, all the MS are connected to all sectors. With e.g. first rows

%     ones and others zeros means, that all MS are connected to only 1st sector

%     of 1st BS.

%   - StreetWidth, this is utilized only with path loss model in [1, Table 4-4]

%   - Dist1 is defined in [1, Figure 4-3] and generated randomly if empty

%

%   Ref. [1]: D1.1.2 V1.0, "WINNER II channel models"

%

%   See also WIM, LAYOUT2LINK, WIMPARSET, LINKPARSET, ANTPARSET.



%   Authors: Pekka Kyösti (EBIT)

%

%   Updates to Phase II model:  Added new (linkpar) parameters ScenarioVector,

%              PropagConditionVector, NumFloors             (29.5.07  PekKy)





% defaults

NofMs=1;       % number of BMs

NofBs=1;       % number of BSs

K=1;           % number of links

rmax=500;      % layout range [m]

SectPerBs = 1; % default number of sectors in a BS

%BSrmin=10;     % minimum distance of BSs [m]



% inputs

ni=length(varargin);

if ni>0, if (~isempty(varargin{1})), NofMs=varargin{1}; end, end

if ni>1, if (~isempty(varargin{2})), NofBs=varargin{2}; end, end

if ni>2, if (~isempty(varargin{3})), SectPerBs=varargin{3}; end, end

if ni>3, if (~isempty(varargin{3})), K=varargin{4}; end, end

if ni>4, if (~isempty(varargin{4})), rmax=varargin{5}; end, end

if ni>5, if (~isempty(varargin{5})), seed=varargin{6}; rand('state',floor(seed)); end, end

if ni>6, error('Too many input arguments!'), end



% check input SectPerBs

if length(SectPerBs)==1 NofSect=repmat(SectPerBs,1,NofBs); % SectPerBs [scalar]: NofSect equal in any BS

elseif length(SectPerBs)~=NofBs                            % SectPerBs missing in some BSs

    SectPerBs = 1; NofSect=repmat(SectPerBs,1,NofBs);        % set default values

    warning('Number of sectors required for each Bs')

    disp(['SectPerBs set to default ' mat2str(SectPerBs)])

else                                                       % SectPerBs [1*NofBs], NofSect differ among BSs

    NofSect=SectPerBs;

end



% calculate output BsOmega 

BsOmega=[];

for i=1:NofBs 

    alpha = 360*rand;            % random broadside angle of the first Bs antenna

    OmegaTmp=(360/NofSect(i))*repmat([1:NofSect(i)]',1)+alpha; % BsOmega of a Bs

    if length(OmegaTmp)<max(NofSect) for tmp=length(OmegaTmp)+1:max(NofSect) OmegaTmp=[OmegaTmp; 0]; end,end

    BsOmega=[BsOmega OmegaTmp]; 

    BsOmega=prin_value(BsOmega); % BsOmega related to the North Reference

end 



% outputs

layoutpar=struct('BsXY',    round(rand(2,NofBs)*rmax),...

                 'NofSect', NofSect,...

                 'BsOmega', BsOmega,...

                 'MsXY',    round(rand(2,NofMs)*rmax),...

                 'MsOmega', 360*(rand(1,NofMs)-0.5),...   

                 'Pairing', fillpairing(NofMs,NofBs,SectPerBs,K),...

                 'ScenarioVector',1*ones(1,K),... % InH, UMi, SMa, SMa, UMiO2I, RMa

                 'PropagConditionVector',round(rand(1,K)),...

                 'MsHeight',1.5*ones(1,NofMs),... 

                 'BsHeight',32*ones(1,NofBs),... 

                 'MsVelocity',repmat(10,1,K),...        % linkparameters below this

                 'MsDirection',360*(rand(1,K)-0.5),...              

                 'StreetWidth',20*ones(1,K),...

                 'NumFloors', 1*ones(1,K),...   % The ground floor is number 1

                 'NumPenetratedFloors',0*ones(1,K),... Number of floor for the A1 path loss (default is zero)

                 'Dist1',repmat(NaN,1,K)); 

                

                



function A=fillpairing(NofMs,NofBs,NofSect,K)

% FILLPAIRING

%   A=FILLPAIRING(NOFMS,NOFBS,NOFSECT) generates pairing matrix A with

%   one link from each MS to a random sector. 



%   Authors: Pekka Kyösti (EBIT), Daniela Laselva (EBIT)



A=zeros(NofBs*max(NofSect),NofMs);

% generate '1' to K random entry of a matrix

if K>NofBs*max(NofSect)*NofMs

    K=NofBs*max(NofSect)*NofMs;

    warning('Number of modelled links limited by the layout')

    disp(['Number of links set to ' mat2str(K)])

end

tmp=randperm(NofBs*max(NofSect)*NofMs);

A(tmp(1:K))=1;



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that maps inputs from (-inf,inf) to (-180,180)

function y=prin_value(x)

y=mod(x,360);

y=y-360*floor(y/180);

   









WIM2_ITU_ChannelModel_ver4/linkparset.m


function linkpar=linkparset(varargin)

%LINKPARSET Link parameter configuration for WIM

%   LINKPAR=LINKPARSET(K) is a struct consisting of randomly generated link

%   parameters for K links. LINKPAR=LINKPARSET(K,RMAX) uses cell radius

%   RMAX for generation of MS-BS distances (default: 100 meters).

%

%   LINKPAR=LINKPARSET(...,SEED) sets the random seed used in link

%   parameter generation. 

%

%   The parameters and their defaults are:

%

%   ScenarioVector        - maps scenario names to links (see below)

%   PropagConditionVector - maps propagation condition (NLOS=0/LOS=1) to links

%   MsBsDistance          - see below

%   BsHeight              - NaN default (see below)

%   MsHeight              - NaN default (see below)

%   ThetaBs               - U(-180,180) degrees, U denotes uniform pdf

%   ThetaMs               - U(-180,180) degrees

%   MsVelocity            - 10 meters per second 

%   MsDirection           - U(-180,180) degrees with respect to broadside

%   StreetWidth           - Average width of the streets, same for all users.

%   LayoutType            - Layout type for UMi (B1/B4) path loss, {0}=hexagonal, 1=Manhattan

%   NumFloors             - For scenarios A2/B4 this determines the floor number where BS/MS is. 

%   OtoI_OutdoorPL        - Outdoor-to-Indoor propagation condition for UMi (see. note 3 in A1-2, [1])

%   Dist1                 - Distance from BS to "the street crossing" (last LOS point), default NaN -> will be drawn randomly

%   BuildingHeight        - Average building height, same for all users



%  

%   The pdf of the random variable (RV) MsBsDistance is R+RMIN, where R is

%   an RV with pdf p(r)=2*r/r0^2, where r0 defaults to (RMAX-RMIN) meters.

%   Hence, MsBsDistance is an RV such that users are approximately

%   uniformly distributed in a circular disk over [RMIN,RMAX] meters. Default

%   values for RMIN and RMAX are 5 and 100 m respectively. For usability,

%   the same default is used for all scenarios. 

%  NOTE! IF random MsBsDistance is used, SET FEASIBLE values for

%   RMIN and RMAX. This is not done automatically for different scenarios.

%   

%   Some notes about the parameters:

%

%   - Bs/MsHeight, if(isnan) -> default heights are used from [3,table 4-4].  

%   - StreetWidth, this is utilized only with path loss model in [1, sec 5.4.1.2]

%   - Dist1 is defined in [1, Figure 4-3] and generated randomly if empty

%     

%   Ref. [1]: D1.1.2 V1.0, "WINNER II channel models"

%        [2]: 3GPP TR 25.996 v6.1.0 (2003-09)

%        [3]: D1.1.1 V1.2, "WINNER II interim channel models"

%        [4]: IMT-EVAL.

%

%   See also WIM, WIMPARSET, LAYOUTPARSET, ANTPARSET.



%   Authors: Jari Salo (HUT), Pekka Kyösti (EBIT), Daniela Laselva (EBIT), 

%   Giovanni Del Galdo (TUI), Marko Milojevic (TUI), Christian Schneider (TUI)

%   Lassi Hentilä (EBIT), Mikko Alatossava (CWC/UOULU)





% defaults

num=1;      % number of links

rmax=100;   % cell radius [m]

rmin=50;     % minimum distance [m]



ni=length(varargin);

if ni>0, if (~isempty(varargin{1})), num=varargin{1}; end, end

if ni>1, if (~isempty(varargin{2})), rmax=varargin{2}; end, end

if ni>2, if (~isempty(varargin{3})), seed=varargin{3}; rand('state',floor(seed)); end, end

if ni>3, error('Too many input arguments!'), end



%Scenario need to be given for each user in (1 x K) size vector in numerical format.

%From this vector the scenario for each user is mapped as 

% 1=InH (A2), 2=UMi (B1), 34=SMa (C1), 4=UMa (C2), 5=UMi O-2-I (B4), 6=RMa (D1)



            

linkpar=struct( 'ScenarioVector',1*ones(1,num),... % A2, B1, B4, C1, C2, D1

                'PropagConditionVector',zeros(1,num),...

                'MsBsDistance',distrnd(num,rmax-rmin)+rmin,...

                'BsHeight',repmat(NaN,1,num),... % NaN -> default heights from D1.1.2

                'MsHeight',repmat(NaN,1,num),... % NaN -> default heights from D1.1.2

                'ThetaBs',360*(rand(1,num)-0.5),...

                'ThetaMs',360*(rand(1,num)-0.5),...

                'MsVelocity',repmat(10,1,num),...

                'MsDirection',360*(rand(1,num)-0.5),...

                'StreetWidth',20*ones(1,num),...

                'LayoutType',0*ones(1,num),...  % Layout type for UMi (B1/C4) path loss, 0=hexagonal, 1=Manhattan

                'NumFloors',1*ones(1,num),... The ground floor is number 1

                'OtoI_OutdoorPL',1*ones(1,num),... Outdoor-to-Indoor propagation condition for UMi, 1 is LOS, 0 is NLOS (see. note 3 in A1-2, [4])

                'Dist1',repmat(NaN,1,num),...

                'BuildingHeight', repmat(NaN,1,num),... % NaN -> default heights from ScenParTables

                'LoS02ILinks', repmat(NaN,1,num),... % NaN -> will be drawn randomly

                'LoS02VLinks', repmat(NaN,1,num),... % NaN -> will be drawn randomly

                'NLoS02ILinks', repmat(NaN,1,num),... % NaN -> will be drawn randomly

                'NLoS02VLinks', repmat(NaN,1,num)); % NaN -> will be drawn randomly

            

            

function d=distrnd(num,rmax)

% DISTRND Distance from BS in a circular cell

%   D=DISTRND(K,RMAX) generates K random variables from the pdf

%   p(r)=2*r/RMAX^2. This is the pdf of distance from base station when

%   users are uniformly (in area) distributed in a cell with radius RMAX.



%   Authors: Jari Salo (HUT), Marko Milojevic (TUI) 

%   $Revision: 0.1$  $Date: Sep 30, 2004$



% create random variables from triangular pdf whose width is 2*rmax

a=sum(rmax*rand(2,num));



% fold the random variables about the rmax

inds=find(a>rmax);

a(inds)=-a(inds)+2*rmax;



d=a(:).';









WIM2_ITU_ChannelModel_ver4/LOSprobability.m


function indLOS=LOSprobability(wimpar,linkpar,fixpar,iterpar)

%LOSPROBABILITY Random LOS/NLOS condition generation for WIM

%   INDLOS=LOSPROBABILITY(WIMPAR,LINKPAR) is a vector defining links

%   propagation condition. Vector elements have values '0' or '1' and length is

%   number of links. '0' stands for NLOS and '1' stands for LOS link,

%   vector length is number of links. LOS/NLOS condition is drawn randomly

%   for each link according to LOS probabilities defined in [1, Table 4-7].

%

%   Ref. [1]: D1.1.1 V1.0, "WINNER II interim channel models"

%        [2]: IMT.EVAL

%

%   See also WIM, WIMPARSET, LINKPARSET, ANTPARSET.



%   Authors: Pekka Ky�sti (EBIT), Mikko Alatossava (CWC/UOULU)



%   Modifications: Parameters from [1, Table 4-7] are used:         15.1.2007 Marko

%                  Divider for C1 changed to 200, used to be 500    12.2.2007 MikkoA

%                  Updated based on [2]                             22.9.2007 PekKy

%                  Update InH to match with Seoul contribution      25.9.2008 Zhiwen Wu  



NumLinks = length(iterpar.UserIndeces);

Scenario = iterpar.Scenario;

MsBsDistance = linkpar.MsBsDistance(iterpar.UserIndeces);



% Probability of LOS

switch upper(Scenario)      % See Table A1-3 in [2]

    

    case {'A2'}     % InH

        %Check antenna heights

        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))

            BsHeight = 3*ones(1,NumLinks);

            MsHeight = 1.5*ones(1,NumLinks);

        else

            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);

            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);

        end

        % Distance between MS and BS locations (on ground level)

        r = sqrt(MsBsDistance.^2-(BsHeight-MsHeight).^2);

        % Calculate LOS probability

        pLOS = exp(-(r-18)/27);

        pLOS(r<=18) = 1;         % If r<=18,  pLOS = 1

        pLOS(r>=37) = 0.5;        % If r>=37, pLOS = 0.5

                

    case {'B1'}     % UMi

        %Check antenna heights

        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))

            BsHeight = 10*ones(1,NumLinks);

            MsHeight = 1.5*ones(1,NumLinks);

        else

            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);

            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);

        end

        % Distance between MS and BS locations (on ground level)

        r = sqrt(MsBsDistance.^2-(BsHeight-MsHeight).^2);

        % Calculate LOS probability

        pLOS = min(18./r,ones(size(r))).*(1-exp(-r/36)) + exp(-r/36);



    case {'C1'}     % SMa

        %Check antenna heights

        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))

            BsHeight = 35*ones(1,NumLinks);

            MsHeight = 1.5*ones(1,NumLinks);

        else

            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);

            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);

        end

        % Distance between MS and BS locations (on ground level)

        r = sqrt(MsBsDistance.^2-(BsHeight-MsHeight).^2);

        pLOS = exp(-(r-10)/200);

        pLOS(r<10) = 1;     % If r<10, pLOS = 1

        

    case {'C2'}     % UMa

        %Check antenna heights

        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))

            BsHeight = 25*ones(1,NumLinks);

            MsHeight = 1.5*ones(1,NumLinks);

        else

            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);

            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);

        end

        % Distance between MS and BS locations (on ground level)

        r = sqrt(MsBsDistance.^2-(BsHeight-MsHeight).^2);

        pLOS = min(18./r,ones(size(r))).*(1-exp(-r/63)) + exp(-r/63);

        

    case {'D1'}     % RMa

        %Check antenna heights

        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))

            BsHeight = 35*ones(1,NumLinks);

            MsHeight = 1.5*ones(1,NumLinks);

        else

            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);

            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);

        end

        % Distance between MS and BS locations (on ground level)

        r = sqrt(MsBsDistance.^2-(BsHeight-MsHeight).^2);

        pLOS = exp(-(r-10)/1000);

        pLOS(r<10) = 1;     % If r<10, pLOS = 1

        

        

end



% output, 0 for NLOS and 1 for LOS links

indLOS = rand(1,NumLinks)<pLOS;











WIM2_ITU_ChannelModel_ver4/LScorrelation.m


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Generation of correlated large scale (LS) parameters DS,ASA,ASD

%  and SF for all links

%

%  If layout parameters (co-ordinates etc.) are given, auto-correlation

%  between channel segments is generated. If layout parameters are not

%  defined, only cross-correlation between LS parameters is generated.

%

%  Notes! Auto-correlation is generated for each BS separately. If two MSs

%  are linked to same BS, correlation is distance dependent. If one MS is

%  linked to two sectors of single BS, correlation is full.

%

% The procedure and notations are from [1]

% Ref: [1]

% Authors: Pekka Kyösti (EBIT)



% Updated by Pekka Kyösti 8.6.2007: Auto-correlation generation changed to

% 2D- filtering of grid of samples (based on Per Zetterberg's original

% proposal). Cross correlation generation cleaned to simple linear

% transformation (multiplication by R^0.5). Distribution transformations

% simplified, all distributions are log-Normal in WINNER II.



function sigmas = LScorrelation(wimpar,linkpar,fixpar,iterpar)



% scenario parameters

Scenario = iterpar.Scenario;

PropagCondition = iterpar.PropagCondition;

LoSConnectionLinks = iterpar.LoSConnectionLinks;

NLoSConnectionLinks = iterpar.NLoSConnectionLinks;

NumLoSConnectionLinks = length(LoSConnectionLinks);

NumNLoSConnectionLinks = length(NLoSConnectionLinks);

N = iterpar.N;

N_max = max(N(1),N(2));

NumLinks = length(iterpar.UserIndeces);



for loop_index = 1:2 %los and nlos links are handled separately

    if loop_index == 1 & LoSConnectionLinks

        Condition = 'LoS';

        NumLinks = NumLoSConnectionLinks;

    elseif loop_index == 2 & NLoSConnectionLinks

        Condition = 'NLoS';

        NumLinks = NumNLoSConnectionLinks;

    else

        continue;

    end      



    evalstr = sprintf('DS_lambda = iterpar.%s.DS_lambda;',Condition); eval(evalstr);

    evalstr = sprintf('AS_D_lambda = iterpar.%s.AS_D_lambda;',Condition); eval(evalstr);

    evalstr = sprintf('AS_A_lambda = iterpar.%s.AS_A_lambda;',Condition); eval(evalstr);

    evalstr = sprintf('SF_lambda = iterpar.%s.SF_lambda;',Condition); eval(evalstr);

    evalstr = sprintf('KF_lambda = iterpar.%s.KF_lambda;',Condition); eval(evalstr);



    if isfield(linkpar,'BsXY')  % if layout parameters given, generate auto-correlation

        % layout parameters

        BsXY = linkpar.BsXY;

        NofSect = linkpar.NofSect;

        BsOmega = linkpar.BsOmega;

        MsXY = linkpar.MsXY;

        MsOmega = linkpar.MsOmega;

        Pairing = linkpar.Pairing;

        

        if loop_index == 1  % LOS condition

            Pairing(NLoSConnectionLinks) = 0;   % Take only LOS links

        else    % NLOS condition

            Pairing(LoSConnectionLinks) = 0;    % Take only NLOS links

        end 



        % determine MS/BS/Sect indices from Pairing matrix

        K = sum(Pairing(:));    % number of links

        [r c] = find(Pairing);

        indMs = c';      % links coupling to MSs

        indSect = r';    % links coupling to Sectors

        % get links coupling to BSs

        tmpsum = cumsum(NofSect);

        for kk=1:length(r)

            tmp = find(diff(r(kk)<=tmpsum));

            if isempty(tmp)

                indBs(kk)=1;         % links with BS label

            else

                indBs(kk)=tmp+1;     % links with BS label

            end

        end



        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        %%% Auto-correlation generation %%%

        % determine auto-correlation separately for each BS

        for jj=1:max(indBs)

            indLink = find(indBs==jj);   % indices to links of BS k

            tmpMs = indMs(indLink);     % indices to MSs linked to BS k

            if length(tmpMs)>1  % if only 1 MS linked to BS, no auto-correlation

                

                % Generate grid of iid Gaussian random numbers ~N(0,1) with

                %  100 extra samples to all directions (+-x and +-y coordinates)

                xtra = 100;

                gridn = randn(max(MsXY(2,tmpMs))-min(MsXY(2,tmpMs))+2*xtra+1,...

                              max(MsXY(1,tmpMs))-min(MsXY(1,tmpMs))+2*xtra+1 ,5);

                % Index to MS locations on the grid  

                gind = sub2ind(size(gridn),MsXY(2,tmpMs)-min(MsXY(2,tmpMs))+xtra+1,MsXY(1,tmpMs)-min(MsXY(1,tmpMs))+xtra+1);

                

                % Define auto-correlation filter for each of the 4 LS parameters

                delta = [DS_lambda AS_D_lambda AS_A_lambda SF_lambda KF_lambda];

                d = 0:100;

                h = exp(-1*repmat(d',1,5)./repmat(delta,length(d),1)); % d>0

                h = h./repmat(sum(h),length(d),1);  

                h(isnan(h)) = 0;    % this line added 10.4.2008 by Pekka

                

                % Filter Gaussian grid in 2D to get exponential auto-correlation

                for ii=1:5

                    tmp = filter(h(:,ii),1,gridn(:,:,ii),[],1); 

                    grida = filter(h(:,ii),1,tmp,[],2);

                    if std(grida(:))~=0     % Added 11.4.2008, Pekka

                       grida = grida/std(grida(:));    

                    end

                    % Pick correlated MS locations from the grid 

                    ksi(ii,indLink) = grida(gind); clear tmp grida

                end

            elseif ~isempty(indLink)    % only one MS linked, no auto-correlation

                

                ksi(:,indLink) = randn(5,1);

                

            end % end if >1 MSs



        end % end for BS sites



    else  % if layout parameters not given



        % generate non-correlated 4xK Gaussian random numbers

        ksi = randn(5,NumLinks);



    end % if (layout parameters given)



    

    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

    %%% Cross-correlation generation %%%

    % Extract cross correlation parameters from input

    evalstr = sprintf('a = iterpar.%s.asD_ds;',Condition); eval(evalstr); % departure AS vs delay spread

    evalstr = sprintf('b = iterpar.%s.asA_ds;',Condition); eval(evalstr); % arrival AS vs delay spread

    evalstr = sprintf('c = iterpar.%s.asA_sf;',Condition); eval(evalstr); % arrival AS vs shadowing std

    evalstr = sprintf('d = iterpar.%s.asD_sf;',Condition); eval(evalstr); % departure AS vs shadoving std

    evalstr = sprintf('e = iterpar.%s.ds_sf;',Condition); eval(evalstr);  % delay spread vs shadoving std

    evalstr = sprintf('f = iterpar.%s.asD_asA;',Condition); eval(evalstr); % departure AS vs arrival AS

    evalstr = sprintf('g = iterpar.%s.asD_kf;',Condition); eval(evalstr); % departure AS vs k-factor

    evalstr = sprintf('h = iterpar.%s.asA_kf;',Condition); eval(evalstr); % arrival AS vs k-factor

    evalstr = sprintf('k = iterpar.%s.ds_kf;',Condition); eval(evalstr); % delay spread vs k-factor

    evalstr = sprintf('l = iterpar.%s.sf_kf;',Condition); eval(evalstr); % shadowing std vs k-factor



    

    

    % Cross-correlation matrix 

    % Order of rows and columns is ds asD asA sf

    A = [ 1  a  b  e  k ;...

          a  1  f  d  g ;...

          b  f  1  c  h ;...

          e  d  c  1  l ;...

          k  g  h  l  1 ];



    % get A^(0.5)    (equal to sqrtm(A))

    R_sqrt = sqrtm(A);

    ksi = R_sqrt*ksi;   % generate cross-correlation by linear transformation

    

    evalstr = sprintf('a = iterpar.%s.DS_mu;',Condition); eval(evalstr); 

    evalstr = sprintf('b = iterpar.%s.DS_sigma;',Condition); eval(evalstr); 

    evalstr = sprintf('c = iterpar.%s.AS_D_mu;',Condition); eval(evalstr); 

    evalstr = sprintf('d = iterpar.%s.AS_D_sigma;',Condition); eval(evalstr);

    evalstr = sprintf('e = iterpar.%s.AS_A_mu;',Condition); eval(evalstr); 

    evalstr = sprintf('f = iterpar.%s.AS_A_sigma;',Condition); eval(evalstr); 

    evalstr = sprintf('g = iterpar.%s.SF_sigma;',Condition); eval(evalstr);

    evalstr = sprintf('h = iterpar.%s.KF_mu;',Condition); eval(evalstr);

    evalstr = sprintf('k = iterpar.%s.KF_sigma;',Condition); eval(evalstr);





    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

    %%% Transform Normal distributed random numbers to scenario specific distributions

    

    sigma_ds  = 10.^(b*ksi(1,:).' + a);      % Log-Normal 

    sigma_asD = 10.^(d*ksi(2,:).' + c);      % Log-Normal 

    sigma_asA = 10.^(f*ksi(3,:).' + e);      % Log-Normal 

    sigma_sf  = 10.^(0.1*g*ksi(4,:).');      % Log-Normal dB

    sigma_kf  = 10.^(0.1*(k*ksi(5,:).'+ h));   % Log-Normal dB



    

    % output

    evalstr= sprintf('sigmas_%s = [sigma_asD sigma_asA sigma_ds sigma_sf sigma_kf];',Condition);

    eval(evalstr);

    clear ksi indBs

end  % END loop_index (LOS/NLOS)



sigmas = NaN*ones(length(iterpar.UserIndeces),5);

if LoSConnectionLinks

    sigmas(LoSConnectionLinks,:) = sigmas_LoS;

end

if NLoSConnectionLinks

    sigmas(NLoSConnectionLinks,:) = sigmas_NLoS;

end











WIM2_ITU_ChannelModel_ver4/NTlayout.m


% NTLAYOUT Plot of the network layout in cartesian coordinate system

%   NTLAYOUT(LINKPAR) draws the locations of Ms/Bs/Sector and the array orientations  

%   in the (x,y) coordinate system including also the randomly generated active links

%   See [1, Fig. 6.1 and 6.2].

%

%   NTLAYOUT(LINKPAR) is used only when the layout parameters are defined. 

%   It is used the following way: 

%   NTlayout(layout2link(layoutparset(NoMs,NofBs,SectPerBs,K)))

%

%   Ref. [1]: D5.4, "Final Report on Link Level and System Level Channel Models"

%

%   See also LAYOUTPARSET, LINKPARSET.



% Authors: Daniela Laselva (EBIT)



function NTlayout(linkpar)



BsXY=linkpar.BsXY;           % coordinates of BSs

MsXY=linkpar.MsXY;           % coordinates of BSs

ThetaMs=linkpar.ThetaMs;      

ThetaBs=linkpar.ThetaBs;

NofSect=linkpar.NofSect;

MsOmega=linkpar.MsOmega;

BsOmega=linkpar.BsOmega;

Pairing=linkpar.Pairing;

MsDirection=linkpar.MsDirection;

NofMs=size(MsXY,2);          % number of Ms

NofBs=size(BsXY,2);          % number of Bs



flag=1; % if 1 draw Bs broadside, if 2 active links, if 3 Ms'directions



% Get number of links and Ms & Sector indices            

K = sum(Pairing(:));    % number of links

[r c] = find(Pairing);

indMs = c';             % links coupling to MSs

indSect = r';           % links coupling to Sectors (1:NofSect*NofBs)

% Get links coupling to BSs

tmpsum = cumsum(NofSect);  

for k=1:length(r) tmp = find(diff(r(k)<=tmpsum));

    if isempty(tmp) indBs(k)=1; else indBs(k)=tmp+1;end

end

indSectors=mod(reshape(indSect,1,length(indSect)),NofSect(indBs));  % links coupling to Sect (1:NofSect)

indSectors(find(indSectors==0))=NofSect(indBs(find(indSectors==0)));



% Draw locations of BSs and MSs arrays

clf;hold on; grid on 

for i=1:NofMs, locationMs(MsXY(:,i)); end           % Draw MSs arrays

hold on; grid on

for i=1:NofBs, locationBs(BsXY(:,i)); end           % Draw BSs arrays

plot(BsXY(1,:),BsXY(2,:), 'rO','linewidth',3);

xlabel('Cells area (m)','FontSize',12); ylabel('Cells area (m)','FontSize',12);

title('NETWORK LAYOUT: BSs and BS Sectors, MSs and MS Directions, Active Links',...

        'FontSize',10)



% Draw Bs arrays broadside for each sector 

flag=1;  % draw Bs broadside

for i=1:NofBs n=NofSect(i); for nn=1:n arrow(BsXY,MsXY,indBs,indMs,BsOmega,nn,i,flag);...

        end,end



% Draws Bs-Ms active links related to the correspondent Bs sector

flag=2;  % draw active links

for i=1:K arrow(BsXY,MsXY,indBs,indMs,BsOmega,indSectors(i),indBs(i),flag,i),end



% Draw Ms' directions 

flag=3;  % draw Ms'directions

if K<NofMs MsDirection=[MsDirection, 360*(rand(1,NofMs-K)-0.5)]; end % Directions not available for each Ms

for i=1:NofMs arrow(MsXY,BsXY,indMs,indBs,MsDirection,1,i,flag), end

hold off

% End of NTlayout







%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that draws arrows' lines 

function arrow(XY1,XY2,ind1,ind2,Omega,nn,i,flag,nlink);



% const

l1    = 10;   % scale factor

l2    = 1;    % scale factor

l3    = 2;    % scale factor



% Convention for Omega depends on the position Bs vs Ms (D5.4,Fig.6.2)

link=min(find(ind1==i));

if link                        % link=1 if a link exists 

    if XY1(1,i)<XY2(1,ind2(link)) OmegaTmp=-Omega(nn,i); else OmegaTmp=Omega(nn,i); end

else OmegaTmp=Omega(nn,i); end % Ms not linked to any Bs, or Bs not covering any link



% Calculate verteces of the arrows v1 &  v2 

sen=sin(OmegaTmp*pi/180); 

cosen=cos(OmegaTmp*pi/180);

v1 = [XY1(1,i)-l1/2*sen XY1(2,i)+l1/2*cosen];                 % vertex1 of the arrow

if flag==2 v2 = [XY2(1,ind2(nlink)) XY2(2,ind2(nlink))+l1/5]; % vertex2 of the arrow

else v2 = [XY1(1,i)+l1/2*sen XY1(2,i)-l1/2*cosen];            % vertex2 of the arrow

end



% Plot arrows: links, Ms' directions and Bs' arrays

if flag==2                                    % Plot active links 

    line([XY2(1,ind2(nlink)) XY1(1,i)-l1/2*sen],...

        [XY2(2,ind2(nlink))+2 XY1(2,i)+l1/2*cosen],'Color','b','LineWidth',2)   

    [xh, yh] = harrow(v1,v2,l1);                    % arrow head for Bs

    plot(xh,yh,'b','linewidth',2);                  % Plot arrow head for links'

    fill(xh, yh,'b')

else                                          % flag = 1 or 3

    [xh, yh] = harrow(v1,v2,l2);                    % arrow head for Bs or Ms

    if flag==1;                               % Plot Bs broadside

        line([XY1(1,i) v1(1)], [XY1(2,i) v1(2)],'Color', 'r','LineWidth',2); hold on;

        plot(xh(:),yh(:),'r','linewidth',3);        % Plot arrow head for Bs 

    else                                      % Plot Ms'direction

        line([v2(1) v1(1)], [v2(2)-2*l3 v1(2)-2*l3],'Color', 'k','LineStyle','--',...

            'LineWidth',1); hold on;

        plot(xh(:),yh(:)-2*l3,'k','linewidth',2);   % Plot arrow head for Ms'direction

    end 

end

% End function arrow





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that calculates the arrow head points x-head & y-head

function [xh,yh]=harrow(v1,v2,l);



hsiz = 0.2;   % Size arrow head vs length of the vector

hwid  = 0.5;  % Width of the arrow head base vs length



v  = (v1-v2); 

xh = [v1(1)-hsiz*(v(1)/l+hwid*v(2)/l); v1(1); v1(1)-hsiz*(v(1)/l-hwid*v(2)/l)]; 

yh = [v1(2)-hsiz*(v(2)/l-hwid*v(1)/l); v1(2); v1(2)-hsiz*(v(2)/l+hwid*v(1)/l)]; 

% End function arrowhead





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that draws the location of Ms

function locationMs(XY);



l = 2;  % scale factor

a = [XY(1)-l; XY(2)-2*l]; % vertex 1

b = [XY(1); XY(2)-2*l];   % vertex 2

c = [XY(1); XY(2)];       % vertex 3

d = [XY(1)-l; XY(2)];     % vertex 4

x1 = [ a(1), b(1), c(1), d(1) ];

y1 = [ a(2), b(2), c(2), d(2) ];

fill ( x1, y1, 'c' );     % Ms as rectangular shape

line([c(1)-0.05 c(1)-0.05], [c(2) c(2)+l],'Color', 'k','LineWidth',3 ) % plot drawing of the MS'antenna

% End function locationMs





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that draws the location of Bs

function locationBs(XY);



l = 5;  % scale factor

a = [XY(1)-1/3*l; XY(2)-2*l];  % vertex 1

b = [XY(1)+1/3*l; XY(2)-2*l];  % vertex 2  

x1 = [ XY(1), a(1), b(1) ];

y1 = [ XY(2), a(2), b(2) ];

fill ( x1, y1, 'r' );          % BS as triangular shape

% End function locationBs









WIM2_ITU_ChannelModel_ver4/offset_matrix_generation.m


function [offset_matrix_AoD, offset_matrix_AoA] = offset_matrix_generation(offset,iterpar)    



%OFFSET_MATRIX_GENERATION Reshapes the offsetmatrix in correct form

%

% Author: Mikko Alatossava (CWC/UOULU)

%

% Date: 14.2.2007

%



N(1) = iterpar.N(1);

N(2) = iterpar.N(2);

N_max = max(N(1),N(2));

NumLinks = length(iterpar.UserIndeces);

LoSConnectionLinks = iterpar.LoSConnectionLinks;

NLoSConnectionLinks = iterpar.NLoSConnectionLinks;

NumLoSConnectionLinks = iterpar.NumLoSConnectionLinks;

NumNLoSConnectionLinks = iterpar.NumNLoSConnectionLinks;



%reshape to cover all the clusters in columns and all the M subpaths in rows

offset_matrix = [offset;-offset];

offset_matrix = repmat(offset_matrix(:),1,N_max*NumLinks); %[M x N*NumLinks] matrix



%find the columns of LoS and NLoS paths

if LoSConnectionLinks

    LoS_Columns = repmat([(LoSConnectionLinks-1)*N_max].',1,N_max)+repmat([1:N_max],NumLoSConnectionLinks,1);

else

   LoS_Columns = [];

end

if NLoSConnectionLinks

    NLoS_Columns = repmat([(NLoSConnectionLinks-1)*N_max].',1,N_max)+repmat([1:N_max],NumNLoSConnectionLinks,1);

else

    NLoS_Columns = [];

end



%find columns in the matrix that are not used, NaN columns

if (N(1) < N(2)) & ~isempty(LoS_Columns)

    NaN_Columns = LoS_Columns(:,end-(N(2)-N(1))+1:end);

elseif (N(2) < N(1)) & ~isempty(NLoS_Columns)

    NaN_Columns = NLoS_Columns(:,end-(N(1)-N(2))+1:end);

else

    NaN_Columns = [];

end



LoS_Columns = reshape(LoS_Columns.',1,[]);

NLoS_Columns = reshape(NLoS_Columns.',1,[]);



%different PerClusterAS_D/A multiplication for LoS/NLoA and AoD/AoA

if LoSConnectionLinks

    offset_matrix_AoD(:,LoS_Columns) = iterpar.LoS.PerClusterAS_D*offset_matrix(:,LoS_Columns);  %[1, eq. 4.14]

    offset_matrix_AoA(:,LoS_Columns) = iterpar.LoS.PerClusterAS_A*offset_matrix(:,LoS_Columns);  %[1, eq. 4.14]

end

if NLoSConnectionLinks

    offset_matrix_AoD(:,NLoS_Columns) = iterpar.NLoS.PerClusterAS_D*offset_matrix(:,NLoS_Columns);  %[1, eq. 4.14]

    offset_matrix_AoA(:,NLoS_Columns) = iterpar.NLoS.PerClusterAS_A*offset_matrix(:,NLoS_Columns);  %[1, eq. 4.14]

end



%set NaN_Columsn to NaN, not used in the calculation

offset_matrix_AoD(:,NaN_Columns) = NaN;

offset_matrix_AoA(:,NaN_Columns) = NaN;











WIM2_ITU_ChannelModel_ver4/pathloss.m


function [loss, linkpar, fixpar, iterpar] = pathloss(wimpar,linkpar,fixpar,iterpar)
%PATHLOSS WIM pathloss models
%   PATH_LOSSES=PATHLOSS(WIMPAR,LINKPAR,FIXPAR,ITERPAR) returns path losses in dB scale
%   for all links defined in WIM input struct LINKPAR for the center
%   frequency and scenario given in WIMPAR. The output is a column vector
%   whose length is equal to the number of links defined in LINKPAR, e.g.
%   LENGTH(LINKPAR.MsBsDistance). The center frequencies and distances
%   must be specified in Herzes and meters, respectively.
%
%   Refs.   [1]: 3GPP TR 25.996 v6.1.0 (2003-09)
%           [2]: ITU-R IMT.EVAL Channel model, CF version May 2008
%
%   See also WIMPARSET, LINKPARSET and SCENPARTABLES.

%   Authors: Lassi Hentila (EBIT), Daniela Laselva (EBIT), Jari Salo (HUT),
%   Pekka Kyosti (EBIT), Marko Milojevic (TUI), Mikko Alatossava (CWC/UOULU)

%   Revision history after WIM release:
%   Frequency and antenna height dependence added.    4.5.2006 HentLas
%   B5 scenarios added.                               4.5.2006 HentLas
%   B1 LOS&NLOS updated.                              8.9.2006 PekKy
%   D1.1.1 parameters, new scenarios added            12.1.2007 Marko
%   LoS/NloS condition renewed, D1.1.1 parameters     8.2.2007 MikkoA
%   Updated according to the D1.1.2                   8.10.2007 HentLas
%   Parameters updated to comply with ITU-R IMT.EVAL  27.5.2008 PekKy
%   Updated according to the clarification doc.       14.4.2009 HentLas


% extract required parameters from the input structs
NumLinks = length(iterpar.UserIndeces);
MsBsDistance=linkpar.MsBsDistance(iterpar.UserIndeces);
Scenario=iterpar.Scenario;
NumFloors = linkpar.NumFloors(iterpar.UserIndeces);
CenterFrequency = wimpar.CenterFrequency*1e-9; % Center frequency -> GHz

PropagCondition = iterpar.PropagCondition;
LoSConnectionLinks = find(PropagCondition);
NumLoSConnectionLinks = length(LoSConnectionLinks);
NLoSConnectionLinks = find(PropagCondition==0);
NumNLoSConnectionLinks = length(NLoSConnectionLinks);
O2ILinks = round(rand(1,NumLinks)); % 50 percent of the users are indoors
O2VLinks = ~O2ILinks; % the rest 50 percent of the users are in a car
LoS02ILinks = find(and(O2ILinks,PropagCondition));
LoS02VLinks = find(and(O2VLinks,PropagCondition));
NLoSO2ILinks = find(and(O2ILinks,~PropagCondition));
NLoSO2VLinks = find(and(O2VLinks,~PropagCondition));

SF_sigma = [];
if ~isempty(LoSConnectionLinks)
    if MsBsDistance(LoSConnectionLinks) > iterpar.LoS.PL_range(2)
        error('MsBsDistance exceeds the maximum allowed cell radius, see IMT.EVAL Table 1')
    elseif MsBsDistance(LoSConnectionLinks) < iterpar.LoS.PL_range(1)
        error('MsBsDistance is below the minimum allowed cell radius, see IMT.EVAL Table 1')
    end
end

% if ~isempty(NLoSConnectionLinks)
%     if linkpar.LayoutType  % If 'Manhattan'
%         if MsBsDistance(NLoSConnectionLinks) > iterpar.NLoS.PL_range(2)
%             error('MsBsDistance exceeds the maximum allowed cell radius, see IMT.EVAL Table 1')
%         elseif MsBsDistance(NLoSConnectionLinks) < iterpar.NLoS.PL_range(1)
%             error('MsBsDistance is below the minimum allowed cell radius, see IMT.EVAL Table 1')
%         end
%     else % Hexagonal layout
%         if MsBsDistance(NLoSConnectionLinks) > iterpar.NLoS.PL_range_hex(2)
%             error('MsBsDistance exceeds the maximum allowed cell radius, see IMT.EVAL Table 1')
%         elseif MsBsDistance(NLoSConnectionLinks) < iterpar.NLoS.PL_range_hex(1)
%             error('MsBsDistance is below the minimum allowed cell radius, see IMT.EVAL Table 1')
%         end
%     end
% end

if ~isempty(NLoSConnectionLinks)
    if MsBsDistance(NLoSConnectionLinks) > iterpar.NLoS.PL_range(2)
        error('MsBsDistance exceeds the maximum allowed cell radius, see IMT.EVAL Table 1')
    elseif MsBsDistance(NLoSConnectionLinks) < iterpar.NLoS.PL_range(1)
        error('MsBsDistance is below the minimum allowed cell radius, see IMT.EVAL Table 1')
    end
    if linkpar.LayoutType & strcmpi(iterpar.Scenario,'B1')  % If 'Manhattan' and UMi (B1)
        if MsBsDistance(NLoSConnectionLinks) > iterpar.NLoS.PL_range_Manhattan
            error('MsBsDistance exceeds the maximum allowed cell radius, see IMT.EVAL Table 1')
        end
    end
end


if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))
    warning('Bs/MsHeights not defined by the user --> defauls taken from IMT.EVAL Table 1')
end

switch Scenario

    case {'A2'} % InH
        %Check antenna heights
        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))
            BsHeight = 3*ones(1,NumLinks);
            MsHeight = 1.5*ones(1,NumLinks);
        else
            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);
            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);
        end

        if NumLoSConnectionLinks
            loss(LoSConnectionLinks) = iterpar.LoS.PL_A*log10(MsBsDistance(LoSConnectionLinks)) + iterpar.LoS.PL_B + iterpar.LoS.PL_C*log10(CenterFrequency);
            %SF_sigma(LoSConnectionLinks) = 3;
        end

        if NumNLoSConnectionLinks
            loss(NLoSConnectionLinks) = iterpar.NLoS.PL_A*log10(MsBsDistance(NLoSConnectionLinks)) + iterpar.NLoS.PL_B + iterpar.NLoS.PL_C*log10(CenterFrequency);
            %SF_sigma(NLoSConnectionLinks) = 4;
        end



    case {'B1'} %UMi        % scenario B1 with d1 & d2 PL model


        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))

            if linkpar.LayoutType % Manhattan
                BsHeight = 10*ones(1,NumLinks);
                MsHeight = 1.5*ones(1,NumLinks);
            else % hexagonal layout
                BsHeight = 10*ones(1,NumLinks);
                MsHeight = 1.5*ones(1,NumLinks);
            end
        else
            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);
            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);
        end

        if NumLoSConnectionLinks
            MsBsDistance_LoS = MsBsDistance(LoSConnectionLinks);
            Dist1 = MsBsDistance_LoS;
            H_bs = BsHeight(LoSConnectionLinks)-1; %effective environment height
            H_ms = MsHeight(LoSConnectionLinks)-1; %effective environment height
            PL_bp = 4*H_bs.*H_ms*wimpar.CenterFrequency/2.998e8;
            %SF_sigma_tmp = [];
            loss_LoS = [];

            ind1 = (Dist1 <= PL_bp & Dist1 >= iterpar.LoS.PL_range(1));
            if sum(ind1)>0
                loss_LoS(ind1) = iterpar.LoS.PL_A(1)*log10(Dist1(ind1)) + iterpar.LoS.PL_B(1) + iterpar.LoS.PL_C*log10(CenterFrequency);
            end
            %SF_sigma_tmp(ind1) = 3;

            ind2 = (Dist1 >= PL_bp & Dist1 <= iterpar.LoS.PL_range(2));
            if sum(ind2)>0
                loss_LoS(ind2) = iterpar.LoS.PL_A(2)*log10(Dist1(ind2)) + iterpar.LoS.PL_B(2) - 18*log10(H_bs(ind2)) - 18*log10(H_ms(ind2)) + 2*log10(CenterFrequency);
            end
            %SF_sigma_tmp(ind2) = 3;

            %SF_sigma(LoSConnectionLinks) = SF_sigma_tmp;
            loss(LoSConnectionLinks) = loss_LoS;

        end

        if NumNLoSConnectionLinks

            if linkpar.LayoutType % Manhattan

                MsBsDistance_NLoS = MsBsDistance(NLoSConnectionLinks);
                H_bs = BsHeight(NLoSConnectionLinks)-1; %effective environment height
                H_ms = MsHeight(NLoSConnectionLinks)-1; %effective environment height
                PL_bp = 4*H_bs.*H_ms*wimpar.CenterFrequency/2.998e8;
                StreetWidth = linkpar.StreetWidth(iterpar.UserIndeces);
                StreetWidth = StreetWidth(NLoSConnectionLinks);
                loss_LoS = [];

                if isnan(linkpar.Dist1) % NaN default -> distances will be drawn randomly
                    Dist1 = 1;
                    while any(Dist1>MsBsDistance_NLoS-StreetWidth/2 | Dist1<StreetWidth/2)
                        Dist1 = MsBsDistance_NLoS-StreetWidth/2 - (MsBsDistance_NLoS-StreetWidth).*rand(1,length(MsBsDistance_NLoS));
                    end
                else %Dist1 is defined by the user
                    Dist1 = linkpar.Dist1(iterpar.UserIndeces);
                    Dist1 = Dist1(NLoSConnectionLinks);
                    for linkNum = 1:length(MsBsDistance_NLoS) % check applicability and change Dist1 if needed
                        if Dist1(linkNum) > (MsBsDistance_NLoS(linkNum)-StreetWidth(linkNum)/2) || Dist1(linkNum) < StreetWidth(linkNum)/2
                            Dist1(linkNum) = MsBsDistance_NLoS-StreetWidth/2 - (MsBsDistance_NLoS-StreetWidth).*rand(1);
                        end
                    end
                end
                Dist2 = MsBsDistance_NLoS - Dist1;

                loss_a = B1_NLOS_PL(Dist1,Dist2,loss_LoS,NLoSConnectionLinks,PL_bp,iterpar,CenterFrequency,wimpar,StreetWidth,H_bs,H_ms);
                loss_b = B1_NLOS_PL(Dist2,Dist1,loss_LoS,NLoSConnectionLinks,PL_bp,iterpar,CenterFrequency,wimpar,StreetWidth,H_bs,H_ms);
                loss(NLoSConnectionLinks) = min(loss_a(NLoSConnectionLinks),loss_b(NLoSConnectionLinks));

            else % Hexagonal layout

                loss(NLoSConnectionLinks) = iterpar.NLoS.PL_A_hex*log10(MsBsDistance(NLoSConnectionLinks)) + iterpar.NLoS.PL_B_hex+ iterpar.LoS.PL_C_hex*log10(CenterFrequency);

            end

            %SF_sigma(NLoSConnectionLinks) = 4;
        end


    case {'C1'} %SMa
        %Check antenna heights

        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))
            BsHeight = 35*ones(1,NumLinks);
            MsHeight = 1.5*ones(1,NumLinks);
        else
            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);
            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);
        end

        StreetWidth = linkpar.StreetWidth(iterpar.UserIndeces);
        PL_bp = 2*pi*BsHeight.*MsHeight*wimpar.CenterFrequency/2.998e8;

        if NumLoSConnectionLinks %LOS
            MsBsDistance_LoS = MsBsDistance(LoSConnectionLinks);
            BsHeight_LoS = BsHeight(LoSConnectionLinks);
            MsHeight_LoS = MsHeight(LoSConnectionLinks);
            if isnan(linkpar.BuildingHeight(iterpar.UserIndeces))
                BuildingHeight = repmat(iterpar.LoS.BuildingHeight,1,length(iterpar.UserIndeces));
            else
                BuildingHeight = linkpar.BuildingHeight(iterpar.UserIndeces);
            end
            %SF_sigma_tmp = [];
            loss_LoS = [];

            ind1 = (MsBsDistance_LoS <= PL_bp(LoSConnectionLinks) & MsBsDistance_LoS >= iterpar.LoS.PL_range(1));
            if sum(ind1)>0
                loss_LoS(ind1) = 20*log10(40*pi*MsBsDistance_LoS(ind1)*CenterFrequency/3)+min(0.03*BuildingHeight(LoSConnectionLinks).^1.72,10).*log10(MsBsDistance_LoS(ind1))-min(0.044*BuildingHeight(LoSConnectionLinks).^1.72,14.77)+0.002*log10(BuildingHeight(LoSConnectionLinks)).*MsBsDistance_LoS(ind1);
            end
            %SF_sigma_tmp(ind1) = 4;
            ind2 = MsBsDistance_LoS >= PL_bp(LoSConnectionLinks) & MsBsDistance_LoS <= iterpar.LoS.PL_range(2);
            if sum(ind2)>0
                loss_LoS_bp = 20*log10(40*pi*PL_bp*CenterFrequency/3)+min(0.03*BuildingHeight(LoSConnectionLinks).^1.72,10)*log10(PL_bp)-min(0.044*BuildingHeight(LoSConnectionLinks).^1.72,14.77)+0.002*log10(BuildingHeight(LoSConnectionLinks))*PL_bp;
                loss_LoS(ind2) = loss_LoS_bp + 40*log10(MsBsDistance_LoS(ind2)/PL_bp);
            end
            %SF_sigma_tmp(ind2) = 6;
            loss(LoSConnectionLinks) = loss_LoS;
            loss(LoS02ILinks) = loss(LoS02ILinks) + 20;
            loss(LoS02VLinks) = loss(LoS02VLinks) + 9;
            %SF_sigma1(LoSConnectionLinks) = SF_sigma_tmp;
            %SF_sigma2(LosConnectionLinks) = 5; % additional shadowing due to vehicle
        end

        if NumNLoSConnectionLinks %NLOS
            if isnan(linkpar.BuildingHeight(iterpar.UserIndeces))
                BuildingHeight = repmat(iterpar.NLoS.BuildingHeight,1,NumNLoSConnectionLinks);
            else
                BuildingHeight = linkpar.BuildingHeight(iterpar.UserIndeces);
            end
            loss(NLoSConnectionLinks) = 161.04-7.1*log10(StreetWidth(NLoSConnectionLinks))+7.5*log10(BuildingHeight)-(24.37-3.7*(BuildingHeight./BsHeight(NLoSConnectionLinks)).^2).*log10(BsHeight(NLoSConnectionLinks))+(43.42-3.1*log10(BsHeight(NLoSConnectionLinks))).*(log10(MsBsDistance(NLoSConnectionLinks))-3)+20*log10(CenterFrequency)-(3.2*(log10(11.75*MsHeight(NLoSConnectionLinks))).^2-4.97);
            loss(NLoSO2ILinks) = loss(NLoSO2ILinks) + 20; % 20 is wall penetration loss
            loss(NLoSO2VLinks) = loss(NLoSO2VLinks) + 9; % 9 is vehicle penetration loss
            %SF_sigma1(NLoSConnectionLinks) = 8;
            %SF_sigma2(NLosConnectionLinks) = 5; % additional shadowing due to vehicle
        end


    case {'C2'} % UMa
        %Check antenna heights
        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))
            BsHeight = 25*ones(1,NumLinks);
            MsHeight = 1.5*ones(1,NumLinks);
        else
            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);
            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);
        end

        StreetWidth = linkpar.StreetWidth(iterpar.UserIndeces);
        PL_bp = 4*(BsHeight-1).*(MsHeight-1)*wimpar.CenterFrequency/2.998e8;

        if NumLoSConnectionLinks %LOS
            MsBsDistance_LoS = MsBsDistance(LoSConnectionLinks);
            BsHeight_LoS = BsHeight(LoSConnectionLinks)-1; %effective environment height
            MsHeight_LoS = MsHeight(LoSConnectionLinks)-1; %effective environment height
            %SF_sigma_tmp = [];
            loss_LoS = [];

            ind1 = (MsBsDistance_LoS <= PL_bp(LoSConnectionLinks) & MsBsDistance_LoS >= iterpar.LoS.PL_range(1));
            if sum(ind1)>0
                loss_LoS(ind1) = iterpar.LoS.PL_A(1)*log10(MsBsDistance_LoS(ind1)) + iterpar.LoS.PL_B(1) + iterpar.LoS.PL_C(1)*log10(CenterFrequency);
            end
            %SF_sigma_tmp(ind1) = 4;
            ind2 = MsBsDistance_LoS >= PL_bp(LoSConnectionLinks) & MsBsDistance_LoS <= iterpar.LoS.PL_range(2);
            if sum(ind2)>0
                loss_LoS(ind2) = iterpar.LoS.PL_A(2)*log10(MsBsDistance_LoS(ind2)) + iterpar.LoS.PL_B(2) - 18*log10(MsHeight_LoS(ind2)) - 18*log10(BsHeight_LoS(ind2)) + iterpar.LoS.PL_C(2)*log10(CenterFrequency);
            end
            %SF_sigma_tmp(ind2) = 4;

            loss(LoSConnectionLinks) = loss_LoS + 9; % 9 is vehicle penetration loss
            %SF_sigma1(LoSConnectionLinks) = SF_sigma_tmp;
            %SF_sigma2(LosConnectionLinks) = 5; % additional shadowing due to vehicle

        end

        if NumNLoSConnectionLinks %NLOS
            if isnan(linkpar.BuildingHeight(iterpar.UserIndeces))
                BuildingHeight = repmat(iterpar.NLoS.BuildingHeight,1,NumNLoSConnectionLinks);
            else
                BuildingHeight = linkpar.BuildingHeight(iterpar.UserIndeces);
            end
            loss(NLoSConnectionLinks) = 161.04-7.1*log10(StreetWidth(NLoSConnectionLinks))+7.5*log10(BuildingHeight)-(24.37-3.7*(BuildingHeight./BsHeight(NLoSConnectionLinks)).^2).*log10(BsHeight(NLoSConnectionLinks))+(43.42-3.1*log10(BsHeight(NLoSConnectionLinks))).*(log10(MsBsDistance(NLoSConnectionLinks))-3)+20*log10(CenterFrequency)-(3.2*(log10(11.75*MsHeight(NLoSConnectionLinks))).^2-4.97);
            loss(NLoSConnectionLinks) = loss(NLoSConnectionLinks) + 9; % 9 is vehicle penetration loss
            %SF_sigma1(NLoSConnectionLinks) = 6;
            %SF_sigma2(NLosConnectionLinks) = 5; % additional shadowing due to vehicle
        end



    case {'B4'} % = B1 outdoor-to-indoor
        % Check antenna heights
        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))
            BsHeight = 10*ones(1,NumLinks);
            MsHeight = (1.5 + 3*(NumFloors-1)).*ones(1,NumLinks);
        else
            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);
            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);
        end

        StreetWidth = linkpar.StreetWidth(iterpar.UserIndeces);
        
        %{
            if isnan(linkpar.Dist1) % NaN default -> will be drawn randomly
            Dist_out = 1;
            while any(Dist_out > MsBsDistance | Dist_out < StreetWidth/2)
                Dist_out = MsBsDistance - (MsBsDistance-StreetWidth/2).*rand(1,length(MsBsDistance));
            end

        else %Dist1 is defined by the user
            Dist_out = linkpar.Dist1(iterpar.UserIndeces);
            Dist_out = Dist_out(NLoSConnectionLinks);
            for linkNum = 1:length(MsBsDistance) % check applicability and change Dist1 if needed
                if Dist_out(linkNum) > MsBsDistance(linkNum) || Dist_out(linkNum) < StreetWidth(linkNum)/2
                    Dist_out(linkNum) = MsBsDistance(linkNum) - (MsBsDistance(linkNum)-StreetWidth(linkNum)/2).*rand(1);
                end
            end
        end
        %}
        tmp = find(MsBsDistance > 25);
        tmp2 = find(MsBsDistance <= 25);
        Dist_in(tmp) = 25*rand(1,length(MsBsDistance(tmp)));  %indoor distance
        Dist_in(tmp2) = MsBsDistance(tmp2).*rand(1,length(MsBsDistance(tmp2)));  %indoor distance
        Dist_out = MsBsDistance - Dist_in;
        Theta = acos(StreetWidth./2./Dist_out)*180/pi; %angle from the BS to the normal of the wall


        %Outdoor loss
        if linkpar.OtoI_OutdoorPL % LOS propagation condition for Outdoor-to-Indoor scenario
            
            % Note!  % LoS --> NLoS since OtoI_OutdoorPL is a subscenario
            MsBsDistance_LoS = MsBsDistance(NLoSConnectionLinks); 
            Dist1 = MsBsDistance_LoS;
            H_bs = BsHeight(NLoSConnectionLinks)-1; %effective environment height
            H_ms = MsHeight(NLoSConnectionLinks)-1; %effective environment height
            PL_bp = 4*H_bs.*H_ms*wimpar.CenterFrequency/2.998e8;
            %SF_sigma_tmp = [];
            loss_LoS = [];

            ind1 = (Dist1 <= PL_bp & Dist1 >= fixpar.B1.LoS.PL_range(1));
            if sum(ind1)>0
                loss_LoS(ind1) = fixpar.B1.LoS.PL_A(1)*log10(Dist1(ind1)) + fixpar.B1.LoS.PL_B(1) + fixpar.B1.LoS.PL_C*log10(CenterFrequency);
            end
            %SF_sigma_tmp(ind1) = 3;

            ind2 = (Dist1 >= PL_bp & Dist1 <= fixpar.B1.LoS.PL_range(2));
            if sum(ind2)>0
                loss_LoS(ind2) = fixpar.B1.LoS.PL_A(2)*log10(Dist1(ind2)) + fixpar.B1.LoS.PL_B(2) - 18*log10(H_bs(ind2)) - 18*log10(H_ms(ind2)) + 2*log10(CenterFrequency);
            end
            %SF_sigma_tmp(ind2) = 3;

            %SF_sigma(NLoSConnectionLinks) = SF_sigma_tmp;
            loss(NLoSConnectionLinks) = loss_LoS;

        else % NLOS

            if linkpar.LayoutType % Manhattan

                MsBsDistance_NLoS = MsBsDistance(NLoSConnectionLinks);
                H_bs = BsHeight(NLoSConnectionLinks)-1; %effective environment height
                H_ms = MsHeight(NLoSConnectionLinks)-1; %effective environment height
                PL_bp = 4*H_bs.*H_ms*wimpar.CenterFrequency/2.998e8;
                StreetWidth = linkpar.StreetWidth(iterpar.UserIndeces);
                StreetWidth = StreetWidth(NLoSConnectionLinks);
                loss_LoS = [];

                if isnan(linkpar.Dist1) % NaN default -> distances will be drawn randomly
                    Dist1 = 1;
                    while any(Dist1>MsBsDistance_NLoS-StreetWidth/2 | Dist1<StreetWidth/2)
                        Dist1 = MsBsDistance_NLoS-StreetWidth/2 - (MsBsDistance_NLoS-StreetWidth).*rand(1,length(MsBsDistance_NLoS));
                    end
                else %Dist1 is defined by the user
                    Dist1 = linkpar.Dist1(iterpar.UserIndeces);
                    Dist1 = Dist1(NLoSConnectionLinks);
                    for linkNum = 1:length(MsBsDistance_NLoS) % check applicability and change Dist1 if needed
                        if Dist1(linkNum) > (MsBsDistance_NLoS(linkNum)-StreetWidth(linkNum)/2) || Dist1(linkNum) < StreetWidth(linkNum)/2
                            Dist1(linkNum) = MsBsDistance_NLoS-StreetWidth/2 - (MsBsDistance_NLoS-StreetWidth).*rand(1);
                        end
                    end
                end
                Dist2 = MsBsDistance_NLoS - Dist1;

                loss_a = B1_NLOS_PL(Dist1,Dist2,loss_LoS,NLoSConnectionLinks,PL_bp,iterpar,CenterFrequency,wimpar,StreetWidth,H_bs,H_ms);
                loss_b = B1_NLOS_PL(Dist2,Dist1,loss_LoS,NLoSConnectionLinks,PL_bp,iterpar,CenterFrequency,wimpar,StreetWidth,H_bs,H_ms);
                loss(NLoSConnectionLinks) = min(loss_a(NLoSConnectionLinks),loss_b(NLoSConnectionLinks));

            else % Hexagonal layout

                % loss(NLoSConnectionLinks) = iterpar.NLoS.PL_A_hex*log10(MsBsDistance(NLoSConnectionLinks)) + iterpar.NLoS.PL_B_hex+ iterpar.LoS.PL_C_hex*log10(CenterFrequency);
                loss(NLoSConnectionLinks) = 36.7*log10(MsBsDistance(NLoSConnectionLinks)) + 22.7+ 26*log10(CenterFrequency);
            end

            %SF_sigma(NLoSConnectionLinks) = 4;
        end

        LossOut = loss;
        %indoor loss
        LossIn = 0.5*Dist_in; %alpha is 0.5 dB/meter
        %Through wall loss
        if linkpar.LayoutType % Manhattan
            LossWall = 14+15*(1-cos(Theta)).^2;
        else % Hexagonal
            LossWall = 20;
        end
        %Total loss
        loss = LossOut+LossIn+LossWall;

        %SF_sigma(NLoSConnectionLinks) = 7;



    case {'D1'} % RMa
        %Check antenna heights
        if isnan(linkpar.BsHeight(iterpar.UserIndeces(1)))
            BsHeight = 35*ones(1,NumLinks);
            MsHeight = 1.5*ones(1,NumLinks);
        else
            BsHeight = linkpar.BsHeight(iterpar.UserIndeces);
            MsHeight = linkpar.MsHeight(iterpar.UserIndeces);
        end

        StreetWidth = linkpar.StreetWidth(iterpar.UserIndeces);
        PL_bp = 2*pi*BsHeight.*MsHeight*wimpar.CenterFrequency/2.998e8;
        
        if NumLoSConnectionLinks %LOS
            MsBsDistance_LoS = MsBsDistance(LoSConnectionLinks);
            BsHeight_LoS = BsHeight(LoSConnectionLinks);
            MsHeight_LoS = MsHeight(LoSConnectionLinks);
            if isnan(linkpar.BuildingHeight(iterpar.UserIndeces))
                BuildingHeight = repmat(iterpar.LoS.BuildingHeight,1,NumLoSConnectionLinks);
            else
                BuildingHeight = linkpar.BuildingHeight(iterpar.UserIndeces);
            end
            %SF_sigma_tmp = [];
            loss_LoS = [];

            ind1 = (MsBsDistance_LoS <= PL_bp(LoSConnectionLinks) & MsBsDistance_LoS >= iterpar.LoS.PL_range(1));
            if sum(ind1)>0
                loss_LoS(ind1) = 20*log10(40*pi*MsBsDistance_LoS(ind1)*CenterFrequency/3)+min(0.03*BuildingHeight.^1.72,10).*log10(MsBsDistance_LoS(ind1))-min(0.044*BuildingHeight.^1.72,14.77)+0.002*log10(BuildingHeight).*MsBsDistance_LoS(ind1);
            end
            %SF_sigma_tmp(ind1) = 4;
            ind2 = MsBsDistance_LoS >= PL_bp(LoSConnectionLinks) & MsBsDistance_LoS <= iterpar.LoS.PL_range(2);
            if sum(ind2)>0
                %loss_LoS_bp = 20*log10(40*pi*PL_bp*CenterFrequency/3)+min(0.03*h^1.72,10)*log10(PL_bp)-min(0.044*h^1.72,14.77)+0.002*log10(h)*PL_bp;
                loss_LoS_bp = 20*log10(40*pi*PL_bp*CenterFrequency/3)+min(0.03*BuildingHeight^1.72,10)*log10(PL_bp)-min(0.044*BuildingHeight^1.72,14.77)+0.002*log10(BuildingHeight)*PL_bp;
                loss_LoS(ind2) = loss_LoS_bp + 40*log10(MsBsDistance_LoS(ind2)/PL_bp);
            end
            %SF_sigma_tmp(ind2) = 6;
            
            loss(LoSConnectionLinks) = loss_LoS + 9; % 9 is vehicle penetration loss
            %SF_sigma1(LoSConnectionLinks) = SF_sigma_tmp;
            %SF_sigma2(LosConnectionLinks) = 5; % additional shadowing due to vehicle
        end

        if NumNLoSConnectionLinks %NLOS
            if isnan(linkpar.BuildingHeight(iterpar.UserIndeces))
                BuildingHeight = repmat(iterpar.NLoS.BuildingHeight,1,NumLinks);
            else
                BuildingHeight = linkpar.BuildingHeight(iterpar.UserIndeces);
            end
            loss(NLoSConnectionLinks) = 161.04-7.1*log10(StreetWidth(NLoSConnectionLinks))+7.5*log10(BuildingHeight(NLoSConnectionLinks))-(24.37-3.7*(BuildingHeight(NLoSConnectionLinks)./BsHeight(NLoSConnectionLinks)).^2).*log10(BsHeight(NLoSConnectionLinks))+(43.42-3.1*log10(BsHeight(NLoSConnectionLinks))).*(log10(MsBsDistance(NLoSConnectionLinks))-3)+20*log10(CenterFrequency)-(3.2*(log10(11.75*MsHeight(NLoSConnectionLinks))).^2-4.97);
            loss(NLoSConnectionLinks) = loss(NLoSConnectionLinks) + 9; % 9 is vehicle penetration loss
            %SF_sigma1(NLoSConnectionLinks) = 6;
            %SF_sigma2(NLosConnectionLinks) = 5; % additional shadowing due to vehicle
        end


    otherwise       % all other scenarios with one d PL model

        BsHeight = 10*ones(1,NumLinks);
        MsHeight = 1.5*ones(1,NumLinks);
        %SF_sigma = 3*ones(1,NumLinks);
        loss(LoSConnectionLinks) = iterpar.LoS.PL_B + iterpar.LoS.PL_A*log10(MsBsDistance(LoSConnectionLinks));
        loss(NLoSConnectionLinks) = iterpar.NLoS.PL_B + iterpar.NLoS.PL_A*log10(MsBsDistance(NLoSConnectionLinks));

end     % end switch Scenario


% output
linkpar.MsHeight(iterpar.UserIndeces) = MsHeight;
linkpar.BsHeight(iterpar.UserIndeces) = BsHeight;
if ~isempty(LoS02ILinks); linkpar.LoS02ILinks(iterpar.UserIndeces(LoS02ILinks)) = LoS02ILinks; end
if ~isempty(LoS02VLinks); linkpar.LoS02VLinks(iterpar.UserIndeces(LoS02VLinks)) = LoS02VLinks; end
if ~isempty(NLoSO2ILinks); linkpar.NLoS02ILinks(iterpar.UserIndeces(NLoSO2ILinks)) = NLoSO2ILinks; end
if ~isempty(NLoSO2VLinks); linkpar.NLoS02VLinks(iterpar.UserIndeces(NLoSO2VLinks)) = NLoSO2VLinks; end
%iterpar.NLoS.SF_sigma=SF_sigma(1);
loss=loss(:);

% function d=distrnd(num,rmax)
% % DISTRND Distance from BS in a circular cell
% %   D=DISTRND(K,RMAX) generates K random variables from the pdf
% %   p(r)=2*r/RMAX^2. This is the pdf of distance from base station when
% %   users are uniformly (in area) distributed in a cell with radius RMAX
% %   1 x num vector.
%
% %   Authors: Jari Salo (HUT), Marko Milojevic (TUI)
%
% % create random variables from triangular pdf whose width is 2*rmax
% a=sum(repmat(rmax,2,1).*rand(2,num));
%
% % fold the random variables about the rmax
% inds=find(a>rmax);
% a(inds)=-a(inds)+2*rmax(inds);
%
% d=a(:).';


function loss = B1_NLOS_PL(Dist1,Dist2,loss_LoS,NLoSConnectionLinks,PL_bp,iterpar,CenterFrequency,wimpar,StreetWidth,H_bs,H_ms);


% Same as B1 LOS
ind1 = (Dist1 <= PL_bp & Dist1 >= (iterpar.NLoS.PL_range(1)-StreetWidth/2));
if sum(ind1)>0
    loss_LoS(ind1) = iterpar.NLoS.PL_A(1)*log10(Dist1(ind1)) + iterpar.NLoS.PL_B(1) + 20*log10(CenterFrequency);
end

ind2 = (Dist1 >= PL_bp & Dist1 <= iterpar.NLoS.PL_range(2)-StreetWidth/2);
if sum(ind2)>0
    loss_LoS(ind2) = iterpar.NLoS.PL_A(2)*log10(Dist1(ind2)) + iterpar.NLoS.PL_B(2) - 18*log10(H_bs(ind2)) - 18*log10(H_ms(ind2)) + 2*log10(CenterFrequency);
end

% plus component for B1 NLOS
nj = max(2.8-0.0024*Dist1 , 1.84);
loss(NLoSConnectionLinks) = loss_LoS + 17.9 - 12.5*nj + 10*nj.*log10(Dist2) + 3*log10(CenterFrequency);










WIM2_ITU_ChannelModel_ver4/ScenarioMapping.m


function output = ScenarioMapping(input)

%SCENARIOMAPPING Scenario is given as numerical vector with one element representing 

%   each link. This function maps the element to the corresponding letters as 

%   1=InH (A2), 2=UMi (B1), 3=SMa (C1), 4=UMa (C2), 5=UMi O-2-I (B4) and 6=RMa (D1)



%   Authors: Mikko Alatossava (CWC/UOULU)

%   Created: 12.2.2007

%   Modifications: Updated to IMT.EVAL scenarios      19.9.2008 PekKy



switch (input)

    case {1}

        output = 'A2'; %InH

    case {2}

        output = 'B1'; %UMi

    case {3}

        output = 'C1'; %SMa

    case {4}

        output = 'C2'; %UMa

    case {5}

        output = 'B4'; %UMiO2I

    case {6}

        output = 'D1'; %RMa

end









WIM2_ITU_ChannelModel_ver4/ScenParTables.m




function fixpar = ScenParTables(StreetWidth)

%   SCENPARTABLES Scenario specific parameters of WIM channel model

%   FIXPAR = SCENPARTABLES(StreetWidth) Sets WIM scenario

%   specific parameters given in [1, Table  A1-7 and A1-2]. These

%   parameters are used in GENERATE_BULK_PAR to generate spatio-temporal

%   channel parameters for channel coefficient generation.

%

%   Ref. [1]: ITU-R IMT.EVAL Channel model, Finland contribution Sept 2008

%

%   See also WIMPARSET and GENERATE_BULK_PAR.



%   Authors: Pekka Ky�sti (EBIT), Lassi Hentil� (EBIT), Daniela Laselva

%   (EBIT), Marko Milojevic (TUI), Mikko Alatossava (CWC/UOULU),Jianhua

%   Zhang(BUPT),Guangyi Liu(CMCC)

%



%   Modifications:

%   PL_bp parameter removed. Now calculated in pathloss.    15.5.2006 PekKy

%   A1 lambda parameters updated.                           15.5.2006 PekKy

%   B1 path loss parameters updated.                        8.9.2006  PekKy

%   update of proportionality factors                       5.10.2006 HentLas

%   D1.1.1 parameters - old updated, new introduced         15.1.2007 Marko

%   Output includes all scenarios and LoS and NLoS          12.2.2007 MikkoA

%   Angle proportionality factors removed,... 

%   K-factor definition changed,...

%   Path loss frequency dependence added,...

%   Scenario C4 added,...

%   Cross-corr. and decorr.dist added for K-factor          3.10.2007 HentLas

%   Parameters updated to comply with ITU-R IMT.EVAL ver    

%    Note! Path loss parameters still ambiguous, check      26.5.2008 PekKy

%   Parameters updated to match with Seoul contribution     19.9.2008 HentLas, PekKy





%Dispersion parameters [1, Table 2]



%% InH A2, LoS

% Fixed scenario specific parameters

fixpar.A2.LoS.NumClusters = 15;         % Number of ZDSC    [1, Table 2]

fixpar.A2.LoS.r_DS   = 3.6;             % delays spread proportionality factor

fixpar.A2.LoS.PerClusterAS_D = 5;       % Per cluster FS angle spread [deg] [1, Table 2]

fixpar.A2.LoS.PerClusterAS_A = 8;       % Per cluster MS angle spread [deg] [1, Table 2]

fixpar.A2.LoS.LNS_ksi = 6;              % ZDSC LNS ksi [dB], per cluster shadowing [1, Table 2]



% Cross correlation coefficients [1, Table 2]

fixpar.A2.LoS.asD_ds = 0.6;             % departure AS vs delay spread

fixpar.A2.LoS.asA_ds = 0.8;             % arrival AS vs delay spread

fixpar.A2.LoS.asA_sf = -0.5;            % arrival AS vs shadowing std

fixpar.A2.LoS.asD_sf = -0.4;            % departure AS vs shadowing std

fixpar.A2.LoS.ds_sf  = -0.8;            % delay spread vs shadowing std

fixpar.A2.LoS.asD_asA = 0.4;            % departure AS vs arrival AS

fixpar.A2.LoS.asD_kf = 0;               % departure AS vs k-factor

fixpar.A2.LoS.asA_kf = 0;               % arrival AS vs k-factor

fixpar.A2.LoS.ds_kf = -0.5;             % delay spread vs k-factor

fixpar.A2.LoS.sf_kf = 0.5;              % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.A2.LoS.xpr_mu    = 11;           % XPR mean [dB]

fixpar.A2.LoS.xpr_sigma = 0;            % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.A2.LoS.DS_mu      = -7.70;       % delay spread, mean [log10(s)]

fixpar.A2.LoS.DS_sigma   = 0.18;        % delay spread, std [log10(s)]

fixpar.A2.LoS.AS_D_mu    = 1.60;        % arrival angle spread, mean [log10(deg)]

fixpar.A2.LoS.AS_D_sigma = 0.18;        % arrival angle spread, std [log10(deg)]

fixpar.A2.LoS.AS_A_mu    = 1.62;        % departure angle spread, mean [log10(deg)]

fixpar.A2.LoS.AS_A_sigma = 0.22;        % departure angle spread, std [log10(deg)]

fixpar.A2.LoS.SF_sigma   = 3;           % shadowing std [dB] (zero mean)

fixpar.A2.LoS.KF_mu      = 7;           % K-factor mean [dB]

fixpar.A2.LoS.KF_sigma   = 4;           % K-factor std [dB]



% "Decorrelation distances" [1, Table 2]

fixpar.A2.LoS.DS_lambda   = 8;          % [m], delay spread

fixpar.A2.LoS.AS_D_lambda = 7;          % [m], departure azimuth spread

fixpar.A2.LoS.AS_A_lambda = 5;          % [m], arrival azimuth spread

fixpar.A2.LoS.SF_lambda   = 10;         % [m], shadowing

fixpar.A2.LoS.KF_lambda   = 4;          % [m], k-factor  



% Path loss PL = Alog10(d) + B + Clog10(fc)  [1, Table 1]

fixpar.A2.LoS.PL_A = 16.9;              % path loss exponent

fixpar.A2.LoS.PL_B = 32.8;              % path loss intercept

fixpar.A2.LoS.PL_C = 20;                % path loss frequency dependence factor

fixpar.A2.LoS.PL_range = [3 100];       % applicability range [m], (min max)

%%





%% InH A2, NLoS

% Fixed scenario specific parameters

fixpar.A2.NLoS.NumClusters = 19;        % Number of ZDSC    [1, Table 2]

fixpar.A2.NLoS.r_DS   = 3.0;            % delays spread proportionality factor

fixpar.A2.NLoS.PerClusterAS_D = 5;      % Per cluster FS angle spread [deg] [1, Table 2]

fixpar.A2.NLoS.PerClusterAS_A = 11;     % Per cluster MS angle spread [deg] [1, Table 2]

fixpar.A2.NLoS.LNS_ksi = 3;             % ZDSC LNS ksi [dB], per cluster shadowing [1, Table 2]



% Cross correlation coefficients [1, Table 2]

fixpar.A2.NLoS.asD_ds =  0.4;           % departure AS vs delay spread

fixpar.A2.NLoS.asA_ds =  0;             % arrival AS vs delay spread

fixpar.A2.NLoS.asA_sf =  -0.4;          % arrival AS vs shadowing std

fixpar.A2.NLoS.asD_sf =  0;             % departure AS vs shadowing std

fixpar.A2.NLoS.ds_sf  =  -0.5;          % delay spread vs shadowing std

fixpar.A2.NLoS.asD_asA = 0;             % departure AS vs arrival AS

fixpar.A2.NLoS.asD_kf = 0;              % departure AS vs k-factor

fixpar.A2.NLoS.asA_kf = 0;              % arrival AS vs k-factor

fixpar.A2.NLoS.ds_kf  = 0;              % delay spread vs k-factor

fixpar.A2.NLoS.sf_kf  = 0;              % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.A2.NLoS.xpr_mu    = 10;          % XPR mean [dB]

fixpar.A2.NLoS.xpr_sigma = 0;           % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.A2.NLoS.DS_mu      = -7.41;      % delay spread, mean [log10(s)]

fixpar.A2.NLoS.DS_sigma   = 0.14;       % delay spread, std [log10(s)]

fixpar.A2.NLoS.AS_D_mu    = 1.62;       % arrival angle spread, mean [log10(deg)]

fixpar.A2.NLoS.AS_D_sigma = 0.25;       % arrival angle spread, std [log10(deg)]

fixpar.A2.NLoS.AS_A_mu    = 1.77;       % departure angle spread, mean [log10(deg)]

fixpar.A2.NLoS.AS_A_sigma = 0.16;       % departure angle spread, std [log10(deg)]

fixpar.A2.NLoS.SF_sigma   = 4;          % shadowing std [dB] (zero mean)

fixpar.A2.NLoS.KF_mu      = 0;          % k-factor, dummy value

fixpar.A2.NLoS.KF_sigma   = 0;          % k-factor, dummy value



% "Decorrelation distances" [1, Table 2]

fixpar.A2.NLoS.DS_lambda   = 5;         % [m], delay spread

fixpar.A2.NLoS.AS_D_lambda = 3;         % [m], departure azimuth spread

fixpar.A2.NLoS.AS_A_lambda = 3;         % [m], arrival azimuth spread

fixpar.A2.NLoS.SF_lambda   = 6;         % [m], shadowing

fixpar.A2.NLoS.KF_lambda   = NaN;       % [m], k-factor  



% Path loss PL = Alog10(d) + B + Clog10(fc)  [1, Table 1]

fixpar.A2.NLoS.PL_A = 43.3;             % path loss exponent

fixpar.A2.NLoS.PL_B = 11.5;             % path loss intercept

fixpar.A2.NLoS.PL_C = 20;               % path loss frequency dependence factor

fixpar.A2.NLoS.PL_X = [NaN NaN];        % path loss wall factor [1, Table 1]

fixpar.A2.NLoS.PL_range = [10 150];     % applicability range [m], (min max)

%%





%% UMi B1, LoS

% Fixed scenario specific parameters

fixpar.B1.LoS.NumClusters = 12;         % Number of ZDSC    [1, Table 2]

fixpar.B1.LoS.r_DS   = 3.2;             % delays spread proportionality factor

fixpar.B1.LoS.PerClusterAS_D = 3;       % Per cluster FS angle spread [deg] [1, Table 2]

fixpar.B1.LoS.PerClusterAS_A = 17;      % Per cluster MS angle spread [deg] [1, Table 2]

fixpar.B1.LoS.LNS_ksi = 3;              % ZDSC LNS ksi [dB], per cluster shadowing [1, Table 2]



% Cross correlation coefficients [1, Table 2]

fixpar.B1.LoS.asD_ds = 0.5;             % departure AS vs delay spread

fixpar.B1.LoS.asA_ds = 0.8;             % arrival AS vs delay spread

fixpar.B1.LoS.asA_sf = -0.4;            % arrival AS vs shadowing std

fixpar.B1.LoS.asD_sf = -0.5;            % departure AS vs shadowing std

fixpar.B1.LoS.ds_sf  = -0.4;            % delay spread vs shadowing std

fixpar.B1.LoS.asD_asA = 0.4;            % departure AS vs arrival AS

fixpar.B1.LoS.asD_kf = -0.2;            % departure AS vs k-factor, PK 18.8.08

fixpar.B1.LoS.asA_kf = -0.3;            % arrival AS vs k-factor,   PK 18.8.08

fixpar.B1.LoS.ds_kf = -0.7;             % delay spread vs k-factor

fixpar.B1.LoS.sf_kf = 0.5;              % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.B1.LoS.xpr_mu    = 9;            % XPR mean [dB]

fixpar.B1.LoS.xpr_sigma = 0;            % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

fixpar.B1.LoS.DS_mu      = -7.19;       % delay spread, mean [log10(s)]

fixpar.B1.LoS.DS_sigma   = 0.40;        % delay spread, std [log10(s)]

fixpar.B1.LoS.AS_D_mu    = 1.20;        % arrival angle spread, mean [log10(deg)]

fixpar.B1.LoS.AS_D_sigma = 0.43;        % arrival angle spread, std [log10(deg)]

fixpar.B1.LoS.AS_A_mu    = 1.75;        % departure angle spread, mean [log10(deg)]

fixpar.B1.LoS.AS_A_sigma = 0.19;        % departure angle spread, std [log10(deg)]

fixpar.B1.LoS.SF_sigma   = 3;           % shadowing std [dB] (zero mean)

fixpar.B1.LoS.KF_mu = 9;                % K-factor mean [dB]

fixpar.B1.LoS.KF_sigma = 5;             % K-factor std [dB]



% Decorrelation distances: lambda parameters [1, Table 2]

fixpar.B1.LoS.DS_lambda   = 7;          % [m], delay spread

fixpar.B1.LoS.AS_D_lambda = 8;          % [m], departure azimuth spread

fixpar.B1.LoS.AS_A_lambda = 8;          % [m], arrival azimuth spread

fixpar.B1.LoS.SF_lambda   = 10;         % [m], shadowing

fixpar.B1.LoS.KF_lambda   = 15;         % [m], k-factor 



% Path loss PL = Alog10(d) + B + Clog10(fc/5)  [1, Table 1]

fixpar.B1.LoS.PL_A = [22.0 40.0];       % path loss exponent, [d<d_bp d>d_bp]

fixpar.B1.LoS.PL_B = [28.0 7.8];        % path loss intercept, [d<d_bp d>d_bp]

fixpar.B1.LoS.PL_C = 20;                % path loss frequency dependence factor

fixpar.B1.LoS.PL_range = [10 5000];     % applicability range [m], (min max)

%%





%% UMi B1, NLoS

% Fixed scenario specific parameters

fixpar.B1.NLoS.NumClusters = 19;        % Number of ZDSC    [1, Table 2]

fixpar.B1.NLoS.r_DS   = 3;              % delays spread proportionality factor

fixpar.B1.NLoS.PerClusterAS_D = 10;     % Per cluster FS angle spread [deg] [1, Table 2]

fixpar.B1.NLoS.PerClusterAS_A = 22;     % Per cluster MS angle spread [deg] [1, Table 2]

fixpar.B1.NLoS.LNS_ksi = 3;             % ZDSC LNS ksi [dB], per cluster shadowing [1, Table 2]



% Cross correlation coefficients [1, Table 2]

fixpar.B1.NLoS.asD_ds =  0;             % departure AS vs delay spread

fixpar.B1.NLoS.asA_ds =  0.4;           % arrival AS vs delay spread

fixpar.B1.NLoS.asA_sf = -0.4;           % arrival AS vs shadowing std

fixpar.B1.NLoS.asD_sf = 0;              % departure AS vs shadowing std

fixpar.B1.NLoS.ds_sf  = -0.7;           % delay spread vs shadowing std

fixpar.B1.NLoS.asD_asA = 0;             % departure AS vs arrival AS

fixpar.B1.NLoS.asD_kf = 0;              % departure AS vs k-factor

fixpar.B1.NLoS.asA_kf = 0;              % arrival AS vs k-factor

fixpar.B1.NLoS.ds_kf = 0;               % delay spread vs k-factor

fixpar.B1.NLoS.sf_kf = 0;               % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.B1.NLoS.xpr_mu    = 8;           % XPR mean [dB]

fixpar.B1.NLoS.xpr_sigma = 0;           % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.B1.NLoS.DS_mu      = -6.89;      % delay spread, mean [log10(s)]

fixpar.B1.NLoS.DS_sigma   = 0.54;       % delay spread, std [log10(s)]

fixpar.B1.NLoS.AS_D_mu    = 1.41;       % arrival angle spread, mean [log10(deg)]

fixpar.B1.NLoS.AS_D_sigma = 0.17;       % arrival angle spread, std [log10(deg)]

fixpar.B1.NLoS.AS_A_mu    = 1.84;       % departure angle spread, mean [log10(deg)]

fixpar.B1.NLoS.AS_A_sigma = 0.15;       % departure angle spread, std [log10(deg)]

fixpar.B1.NLoS.SF_sigma   = 4;          % shadowing std [dB] (zero mean)

fixpar.B1.NLoS.KF_mu      = 0;          % k-factor, dummy value

fixpar.B1.NLoS.KF_sigma   = 0;          % k-factor, dummy value



%%% Decorrelation distances: lambda parameters [1, Table 2]

fixpar.B1.NLoS.DS_lambda   = 10;        % [m], delay spread

fixpar.B1.NLoS.AS_D_lambda = 10;        % [m], departure azimuth spread

fixpar.B1.NLoS.AS_A_lambda = 9;         % [m], arrival azimuth spread

fixpar.B1.NLoS.SF_lambda   = 13;        % [m], shadowing

fixpar.B1.NLoS.KF_lambda   = NaN;       % [m], k-factor 



% Path loss, Note! see the path loss equation... HEXAGONAL



fixpar.B1.NLoS.PL_A_hex = 36.7;             % path loss exponent

fixpar.B1.NLoS.PL_B_hex = 22.7;             % path loss intercept, 

fixpar.B1.LoS.PL_C_hex = 26;                % path loss frequency dependence factor

fixpar.B1.NLoS.PL_range = [10 2000];        % applicability range [m], (min max)

% B1 PL for MANHATTAN GRID!

fixpar.B1.NLoS.PL_A = [22.0 40.0];          % path loss exponent, [d<d_bp d>d_bp]

fixpar.B1.NLoS.PL_B = [28.0 7.8];           % path loss intercept, [d<d_bp d>d_bp]

fixpar.B1.LoS.PL_C = 20;                    % path loss frequency dependence factor

fixpar.B1.NLoS.PL_range_Manhattan = 5000;   % applicability range upper limit [m]



%%





%% SMa C1, LoS

% Fixed scenario specific parameters [1, Table 2]

fixpar.C1.LoS.NumClusters = 15;     % Number of ZDSC

fixpar.C1.LoS.r_DS   = 2.4;         % delays spread proportionality factor

fixpar.C1.LoS.PerClusterAS_D = 5;   % Per cluster FS angle spread [deg]

fixpar.C1.LoS.PerClusterAS_A = 5;   % Per cluster MS angle spread [deg]

fixpar.C1.LoS.LNS_ksi = 3;          % ZDSC LNS ksi [dB], per cluster shadowing



% Cross correlation coefficients

fixpar.C1.LoS.asD_ds = 0;           % departure AS vs delay spread

fixpar.C1.LoS.asA_ds = 0.8;         % arrival AS vs delay spread

fixpar.C1.LoS.asA_sf = -0.5;        % arrival AS vs shadowing std

fixpar.C1.LoS.asD_sf = -0.5;        % departure AS vs shadowing std

fixpar.C1.LoS.ds_sf  = -0.6;        % delay spread vs shadowing std

fixpar.C1.LoS.asD_asA = 0;          % departure AS vs arrival AS

fixpar.C1.LoS.asD_kf = 0;           % departure AS vs k-factor

fixpar.C1.LoS.asA_kf = 0;           % arrival AS vs k-factor

fixpar.C1.LoS.ds_kf = 0;            % delay spread vs k-factor

fixpar.C1.LoS.sf_kf = 0;            % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.C1.LoS.xpr_mu    = 8;        % XPR mean [dB]

fixpar.C1.LoS.xpr_sigma = 0;        % XPR std  [dB], PK 18.8.2008



%%% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.C1.LoS.DS_mu      = -7.23;   % delay spread, mean [s-dB]

fixpar.C1.LoS.DS_sigma   = 0.38;    % delay spread, std [s-dB]

fixpar.C1.LoS.AS_D_mu    = 0.78;    % arrival angle spread, mean [deg-dB]

fixpar.C1.LoS.AS_D_sigma = 0.12;    % arrival angle spread, std [deg-dB]

fixpar.C1.LoS.AS_A_mu    = 1.48;    % departure angle spread, mean [deg-dB]

fixpar.C1.LoS.AS_A_sigma = 0.20;    % departure angle spread, std [deg-dB]

fixpar.C1.LoS.SF_sigma   = 4;       % shadowing std [dB] (zero mean)

fixpar.C1.LoS.KF_mu = 9;            % K-factor mean [dB]

fixpar.C1.LoS.KF_sigma = 7;         % K-factor std [dB]



%%% Decorrelation distances: lambda parameters [1, Table 2]

fixpar.C1.LoS.DS_lambda   = 6;       % [m], delay spread

fixpar.C1.LoS.AS_D_lambda = 15;      % [m], departure azimuth spread

fixpar.C1.LoS.AS_A_lambda = 20;      % [m], arrival azimuth spread

fixpar.C1.LoS.SF_lambda   = 40;      % [m], shadowing

fixpar.C1.LoS.KF_lambda   = 10;      % [m], k-factor



% Path loss, Note! see the path loss equation...

fixpar.C1.LoS.PL_A = [NaN NaN];         % path loss exponent [dB], [d<d_bp d>d_bp]

fixpar.C1.LoS.PL_B = [NaN NaN];         % path loss intercept [dB], [d<d_bp d>d_bp]

fixpar.C1.LoS.PL_C = [NaN NaN];         % path loss frequency dependence factor [dB], [d<d_bp d>d_bp]

fixpar.C1.LoS.PL_range = [10 5000];     % applicability range [m]

fixpar.C1.LoS.BuildingHeight = 10;      % average building height

%%





%% SMa C1, NLoS

%%% Fixed scenario specific parameters

fixpar.C1.NLoS.NumClusters = 14;       % Number of ZDSC    [1, Table 2]

fixpar.C1.NLoS.r_DS   = 1.5;           % delays spread proportionality factor [1, Table 2]

fixpar.C1.NLoS.PerClusterAS_D = 2;     % Per cluster FS angle spread [deg] [1, Table 2]

fixpar.C1.NLoS.PerClusterAS_A = 10;    % Per cluster MS angle spread [deg] [1, Table 2]

fixpar.C1.NLoS.LNS_ksi = 3;            % ZDSC LNS ksi [dB], per cluster shadowing [1, Table 2]



% Cross correlation coefficients [1, Table 2]

fixpar.C1.NLoS.asD_ds = 0;              % departure AS vs delay spread

fixpar.C1.NLoS.asA_ds = 0.7;            % arrival AS vs delay spread

fixpar.C1.NLoS.asA_sf = 0;              % arrival AS vs shadowing std

fixpar.C1.NLoS.asD_sf = -0.4;           % departure AS vs shadowing std

fixpar.C1.NLoS.ds_sf  = -0.4;           % delay spread vs shadowing std

fixpar.C1.NLoS.asD_asA = 0;             % departure AS vs arrival AS

fixpar.C1.NLoS.asD_kf = 0;              % departure AS vs k-factor

fixpar.C1.NLoS.asA_kf = 0;              % arrival AS vs k-factor

fixpar.C1.NLoS.ds_kf = 0;               % delay spread vs k-factor

fixpar.C1.NLoS.sf_kf = 0;               % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.C1.NLoS.xpr_mu    = 4;          % XPR mean [dB]

fixpar.C1.NLoS.xpr_sigma = 0;          % XPR std  [dB], PK 18.8.2008



%%% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.C1.NLoS.DS_mu      = -7.12;     % delay spread, mean [log10(s)]

fixpar.C1.NLoS.DS_sigma   = 0.33;      % delay spread, std [log10(s)]

fixpar.C1.NLoS.AS_D_mu    = 0.90;      % arrival angle spread, mean [log10(deg)]

fixpar.C1.NLoS.AS_D_sigma = 0.36;      % arrival angle spread, std [log10(deg)]

fixpar.C1.NLoS.AS_A_mu    = 1.65;      % departure angle spread, mean [log10(deg)]

fixpar.C1.NLoS.AS_A_sigma = 0.25;      % departure angle spread, std [log10(deg)]

fixpar.C1.NLoS.SF_sigma   = 8;         % shadowing std [dB] (zero mean)

fixpar.C1.NLoS.KF_mu      = 0;         % k-factor, dummy value

fixpar.C1.NLoS.KF_sigma   = 0;         % k-factor, dummy value



%%% Decorrelation distances: lambda parameters [1, Table 2]

fixpar.C1.NLoS.DS_lambda   = 40;       % [m], delay spread

fixpar.C1.NLoS.AS_D_lambda = 30;       % [m], departure azimuth spread

fixpar.C1.NLoS.AS_A_lambda = 30;       % [m], arrival azimuth spread

fixpar.C1.NLoS.SF_lambda   = 50;       % [m], shadowing

fixpar.C1.NLoS.KF_lambda   = NaN;      % [m], k-factor 



% Path loss, Note! see the path loss equation...

fixpar.C1.NLoS.PL_A = NaN;              % path loss exponent, [d<d_bp d>d_bp]

fixpar.C1.NLoS.PL_B = NaN;              % path loss intercept, [d<d_bp d>d_bp]

fixpar.C1.NLoS.PL_C = NaN;              % path loss frequency dependence factor [dB]

fixpar.C1.NLoS.PL_range = [10 5000];    % applicability range [m], (min max)

fixpar.C1.NLoS.BuildingHeight = 10;     % average building height

%%





%% UMa C2, LoS    

% Fixed scenario specific parameters [1, Table 2]

fixpar.C2.LoS.NumClusters = 12;       % Number of ZDSC

fixpar.C2.LoS.r_DS   = 2.5;           % delays spread proportionality factor

fixpar.C2.LoS.PerClusterAS_D = 5;     % Per cluster FS angle spread [deg]

fixpar.C2.LoS.PerClusterAS_A = 11;    % Per cluster MS angle spread [deg]

fixpar.C2.LoS.LNS_ksi = 3;            % ZDSC LNS ksi [dB], per cluster shadowing



% Cross correlation coefficients [1, Table 2]

fixpar.C2.LoS.asD_ds = 0.4;           % departure AS vs delay spread

fixpar.C2.LoS.asA_ds = 0.8;           % arrival AS vs delay spread

fixpar.C2.LoS.asA_sf = -0.5;          % arrival AS vs shadowing std

fixpar.C2.LoS.asD_sf = -0.5;          % departure AS vs shadowing std

fixpar.C2.LoS.ds_sf  = -0.4;          % delay spread vs shadowing std

fixpar.C2.LoS.asD_asA = 0;            % departure AS vs arrival AS

fixpar.C2.LoS.asD_kf = 0;             % departure AS vs k-factor

fixpar.C2.LoS.asA_kf = -0.2;          % arrival AS vs k-factor, PK 18.8.08

fixpar.C2.LoS.ds_kf = -0.4;           % delay spread vs k-factor

fixpar.C2.LoS.sf_kf = 0;              % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.C2.LoS.xpr_mu    = 8;          % XPR mean [dB]

fixpar.C2.LoS.xpr_sigma = 0;          % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.C2.LoS.DS_mu      = -7.03;     % delay spread, mean [s-dB]

fixpar.C2.LoS.DS_sigma   = 0.66;      % delay spread, std [s-dB]

fixpar.C2.LoS.AS_D_mu    = 1.15;      % arrival angle spread, mean [deg-dB]

fixpar.C2.LoS.AS_D_sigma = 0.28;      % arrival angle spread, std [deg-dB]

fixpar.C2.LoS.AS_A_mu    = 1.81;      % departure angle spread, mean [deg-dB]

fixpar.C2.LoS.AS_A_sigma = 0.20;      % departure angle spread, std [deg-dB]

fixpar.C2.LoS.SF_sigma   = 4;         % shadowing std [dB] (zero mean)

fixpar.C2.LoS.KF_mu      = 9;         % k-factor, dummy value

fixpar.C2.LoS.KF_sigma   = 3.5;       % k-factor, dummy value



% Decorrelation distances: lambda parameters [1, Table 2]

fixpar.C2.LoS.DS_lambda   = 30;        % [m], delay spread

fixpar.C2.LoS.AS_D_lambda = 18;        % [m], departure azimuth spread

fixpar.C2.LoS.AS_A_lambda = 15;        % [m], arrival azimuth spread

fixpar.C2.LoS.SF_lambda   = 37;        % [m], shadowing

fixpar.C2.LoS.KF_lambda   = 12;        % [m], k-factor 



% Path loss, Note! see the path loss equation...

fixpar.C2.LoS.PL_A = [22 40];        % path loss exponent [dB]

fixpar.C2.LoS.PL_B = [28 7.8];       % path loss intercept [dB]

fixpar.C2.LoS.PL_C = [20 2];         % path loss frequency dependence factor

fixpar.C2.LoS.PL_range = [10 5000];  % applicability range [m]



%%





%% UMa C2, NLoS    

% Fixed scenario specific parameters [1, Table 2]

fixpar.C2.NLoS.NumClusters = 20;       % Number of ZDSC

fixpar.C2.NLoS.r_DS   = 2.3;           % delays spread proportionality factor

fixpar.C2.NLoS.PerClusterAS_D = 2;     % Per cluster FS angle spread [deg]

fixpar.C2.NLoS.PerClusterAS_A = 15;    % Per cluster MS angle spread [deg]

fixpar.C2.NLoS.LNS_ksi = 3;            % ZDSC LNS ksi [dB], per cluster shadowing



% Cross correlation coefficients [1, Table 2]

fixpar.C2.NLoS.asD_ds = 0.4;           % departure AS vs delay spread

fixpar.C2.NLoS.asA_ds = 0.6;           % arrival AS vs delay spread

fixpar.C2.NLoS.asA_sf = 0;             % arrival AS vs shadowing std

fixpar.C2.NLoS.asD_sf = -0.6;          % departure AS vs shadowing std

fixpar.C2.NLoS.ds_sf  = -0.4;          % delay spread vs shadowing std

fixpar.C2.NLoS.asD_asA = 0.4;          % departure AS vs arrival AS

fixpar.C2.NLoS.asD_kf = 0;             % departure AS vs k-factor

fixpar.C2.NLoS.asA_kf = 0;             % arrival AS vs k-factor

fixpar.C2.NLoS.ds_kf = 0;              % delay spread vs k-factor

fixpar.C2.NLoS.sf_kf = 0;              % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.C2.NLoS.xpr_mu    = 7;          % XPR mean [dB]

fixpar.C2.NLoS.xpr_sigma = 0;          % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.C2.NLoS.DS_mu      = -6.44;     % delay spread, mean [s-dB]

fixpar.C2.NLoS.DS_sigma   = 0.39;      % delay spread, std [s-dB]

fixpar.C2.NLoS.AS_D_mu    = 1.41;      % arrival angle spread, mean [deg-dB]

fixpar.C2.NLoS.AS_D_sigma = 0.28;      % arrival angle spread, std [deg-dB]

fixpar.C2.NLoS.AS_A_mu    = 1.87;      % departure angle spread, mean [deg-dB]

fixpar.C2.NLoS.AS_A_sigma = 0.11;      % departure angle spread, std [deg-dB]

fixpar.C2.NLoS.SF_sigma   = 6;         % shadowing std [dB] (zero mean)

fixpar.C2.NLoS.KF_mu      = 0;         % k-factor, dummy value

fixpar.C2.NLoS.KF_sigma   = 0;         % k-factor, dummy value



% Decorrelation distances: lambda parameters [1, Table 2]

fixpar.C2.NLoS.DS_lambda   = 40;       % [m], delay spread

fixpar.C2.NLoS.AS_D_lambda = 50;       % [m], departure azimuth spread

fixpar.C2.NLoS.AS_A_lambda = 50;       % [m], arrival azimuth spread

fixpar.C2.NLoS.SF_lambda   = 50;       % [m], shadowing

fixpar.C2.NLoS.KF_lambda   = NaN;      % [m], k-factor 



% Path loss, Note! see the path loss equation...

fixpar.C2.NLoS.PL_A = NaN;            % path loss exponent [dB]

fixpar.C2.NLoS.PL_B = NaN;            % path loss intercept [dB]

fixpar.C2.NLoS.PL_C = NaN;            % path loss frequency dependence factor

fixpar.C2.NLoS.PL_range = [50 5000];  % applicability range [m]

fixpar.C2.NLoS.BuildingHeight = 20;   % average building height



%%





%% UMi B4, NLoS = O-to-I

% Fixed scenario specific parameters

fixpar.B4.NLoS.NumClusters = 12;        % Number of ZDSC    [1, Table 2]

fixpar.B4.NLoS.r_DS   = 2.2;            % delays spread proportionality factor

fixpar.B4.NLoS.PerClusterAS_D = 5;      % Per cluster FS angle spread [deg] [1, Table 2]

fixpar.B4.NLoS.PerClusterAS_A = 8;      % Per cluster MS angle spread [deg] [1, Table 2]

fixpar.B4.NLoS.LNS_ksi = 4;             % ZDSC LNS ksi [dB], per cluster shadowing [1, Table 2]



% Cross correlation coefficients [1, Table 2]

fixpar.B4.NLoS.asD_ds = 0.4;            % departure AS vs delay spread

fixpar.B4.NLoS.asA_ds = 0.4;            % arrival AS vs delay spread

fixpar.B4.NLoS.asA_sf = 0.0;            % arrival AS vs shadowing std

fixpar.B4.NLoS.asD_sf = 0.2;            % departure AS vs shadowing std

fixpar.B4.NLoS.ds_sf  = -0.5;           % delay spread vs shadowing std

fixpar.B4.NLoS.asD_asA = 0;             % departure AS vs arrival AS

fixpar.B4.NLoS.asD_kf = 0;              % departure AS vs k-factor

fixpar.B4.NLoS.asA_kf = 0;              % arrival AS vs k-factor

fixpar.B4.NLoS.ds_kf = 0;               % delay spread vs k-factor

fixpar.B4.NLoS.sf_kf = 0;               % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.B4.NLoS.xpr_mu    = 9;           % XPR mean [dB]

fixpar.B4.NLoS.xpr_sigma = 0;           % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.B4.NLoS.DS_mu      = -6.62;      % delay spread, mean [log10(s)]

fixpar.B4.NLoS.DS_sigma   = 0.32;       % delay spread, std [log10(s)]

fixpar.B4.NLoS.AS_D_mu    = 1.25;       % arrival angle spread, mean [log10(deg)]

fixpar.B4.NLoS.AS_D_sigma = 0.42;       % arrival angle spread, std [log10(deg)]

fixpar.B4.NLoS.AS_A_mu    = 1.76;       % departure angle spread, mean [log10(deg)]

fixpar.B4.NLoS.AS_A_sigma = 0.16;       % departure angle spread, std [log10(deg)]

fixpar.B4.NLoS.SF_sigma   = 7;          % shadowing std [dB] (zero mean)

fixpar.B4.NLoS.KF_mu      = 0;          % k-factor, dummy value

fixpar.B4.NLoS.KF_sigma   = 0;          % k-factor, dummy value



% "Decorrelation distances" [1, Table 2]

fixpar.B4.NLoS.DS_lambda   = 10;         % [m], delay spread

fixpar.B4.NLoS.AS_D_lambda = 11;         % [m], departure azimuth spread

fixpar.B4.NLoS.AS_A_lambda = 17;         % [m], arrival azimuth spread

fixpar.B4.NLoS.SF_lambda   = 7;          % [m], shadowing

fixpar.B4.NLoS.KF_lambda   = NaN;        % [m], k-factor 



% Path loss, Note! see the path loss equation...

fixpar.B4.NLoS.PL_A = NaN;     % path loss exponent 

fixpar.B4.NLoS.PL_B = NaN;     % path loss intercept

fixpar.B4.NLoS.PL_C = 23;               % path loss frequency dependence factor

fixpar.B4.NLoS.PL_range = [3 1000];     % applicability range [m], (min max)

%%





%% RMa D1, LoS

%%% Fixed scenario specific parameters [1, Table 2]

fixpar.D1.LoS.NumClusters = 11;       % Number of ZDSC

fixpar.D1.LoS.r_DS   = 3.8;           % delays spread proportionality factor

fixpar.D1.LoS.PerClusterAS_D = 2;     % Per cluster FS angle spread [deg]

fixpar.D1.LoS.PerClusterAS_A = 3;     % Per cluster MS angle spread [deg]

fixpar.D1.LoS.LNS_ksi = 3;            % ZDSC LNS ksi [dB], per cluster shadowing



% Cross correlation coefficients [1, Table 2]

fixpar.D1.LoS.asD_ds = 0;           % departure AS vs delay spread

fixpar.D1.LoS.asA_ds = 0;           % arrival AS vs delay spread

fixpar.D1.LoS.asA_sf = 0;           % arrival AS vs shadowing std

fixpar.D1.LoS.asD_sf = 0;           % departure AS vs shadowing std

fixpar.D1.LoS.ds_sf  = -0.5;        % delay spread vs shadowing std

fixpar.D1.LoS.asD_asA = 0;          % departure AS vs arrival AS

fixpar.D1.LoS.asD_kf = 0;           % departure AS vs k-factor

fixpar.D1.LoS.asA_kf = 0;           % arrival AS vs k-factor

fixpar.D1.LoS.ds_kf = 0;            % delay spread vs k-factor

fixpar.D1.LoS.sf_kf = 0;            % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.D1.LoS.xpr_mu    = 12;         % XPR mean [dB]

fixpar.D1.LoS.xpr_sigma = 0;          % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.D1.LoS.DS_mu      = -7.49;     % delay spread, mean [s-dB]

fixpar.D1.LoS.DS_sigma   = 0.55;      % delay spread, std [s-dB]

fixpar.D1.LoS.AS_D_mu    = 0.90;      % arrival angle spread, mean [deg-dB]

fixpar.D1.LoS.AS_D_sigma = 0.38;      % arrival angle spread, std [deg-dB]

fixpar.D1.LoS.AS_A_mu    = 1.52;      % departure angle spread, mean [deg-dB]

fixpar.D1.LoS.AS_A_sigma = 0.24;      % departure angle spread, std [deg-dB]

fixpar.D1.LoS.SF_sigma   = 4;         % shadowing std [dB] (zero mean)

fixpar.D1.LoS.KF_mu = 7;              % k-factor mean [dB]

fixpar.D1.LoS.KF_sigma = 4;           % k-factor std [dB]



% Decorrelation distances: lambda parameters [1, Table 2]

fixpar.D1.LoS.DS_lambda   = 50;         % [m], delay spread

fixpar.D1.LoS.AS_D_lambda = 25;         % [m], departure azimuth spread

fixpar.D1.LoS.AS_A_lambda = 35;         % [m], arrival azimuth spread

fixpar.D1.LoS.SF_lambda   = 37;         % [m], shadowing

fixpar.D1.LoS.KF_lambda   = 40;         % [m], k-factor 



% Path loss, Note! see the path loss equation...

fixpar.D1.LoS.PL_A = NaN;               % path loss exponent [dB]

fixpar.D1.LoS.PL_B = NaN;               % path loss intercept [dB]

fixpar.D1.LoS.PL_C = NaN;               % path loss frequency dependence factor

fixpar.D1.LoS.PL_range = [10 10000];    % applicability range [m]

fixpar.D1.LoS.BuildingHeight = 5;       % average building height







%% RMa D1, NLoS

% Fixed scenario specific parameters [1, Table 2]

fixpar.D1.NLoS.NumClusters = 10;        % Number of ZDSC

fixpar.D1.NLoS.r_DS   = 1.7;            % delays spread proportionality factor

fixpar.D1.NLoS.PerClusterAS_D = 2;      % Per cluster FS angle spread [deg]

fixpar.D1.NLoS.PerClusterAS_A = 3;      % Per cluster MS angle spread [deg]

fixpar.D1.NLoS.LNS_ksi = 3;             % ZDSC LNS ksi [dB], per cluster shadowing



% Cross correlation coefficients [1, Table 2]

fixpar.D1.NLoS.asD_ds = -0.4;           % departure AS vs delay spread

fixpar.D1.NLoS.asA_ds = 0;              % arrival AS vs delay spread

fixpar.D1.NLoS.asA_sf = 0;              % arrival AS vs shadowing std

fixpar.D1.NLoS.asD_sf = 0.6;            % departure AS vs shadowing std

fixpar.D1.NLoS.ds_sf  = -0.5;           % delay spread vs shadowing std

fixpar.D1.NLoS.asD_asA = 0;             % departure AS vs arrival AS

fixpar.D1.NLoS.asD_kf = 0;              % departure AS vs k-factor

fixpar.D1.NLoS.asA_kf = 0;              % arrival AS vs k-factor

fixpar.D1.NLoS.ds_kf = 0;               % delay spread vs k-factor

fixpar.D1.NLoS.sf_kf = 0;               % shadowing std vs k-factor



% Polarisation parameters [1, Table 2]

fixpar.D1.NLoS.xpr_mu    = 7;           % XPR mean [dB]

fixpar.D1.NLoS.xpr_sigma = 0;           % XPR std  [dB], PK 18.8.2008



% Dispersion parameters [1, Table 2]

% Log-normal distributions

fixpar.D1.NLoS.DS_mu      = -7.43;      % delay spread, mean [s-dB]

fixpar.D1.NLoS.DS_sigma   = 0.48;       % delay spread, std [s-dB]

fixpar.D1.NLoS.AS_D_mu    = 0.95;       % arrival angle spread, mean [deg-dB]

fixpar.D1.NLoS.AS_D_sigma = 0.45;       % arrival angle spread, std [deg-dB]

fixpar.D1.NLoS.AS_A_mu    = 1.52;       % departure angle spread, mean [deg-dB]

fixpar.D1.NLoS.AS_A_sigma = 0.13;       % departure angle spread, std [deg-dB]

fixpar.D1.NLoS.SF_sigma   = 8;          % shadowing std [dB] (zero mean)

fixpar.D1.NLoS.KF_mu      = 0;          % k-factor, dummy value

fixpar.D1.NLoS.KF_sigma   = 0;          % k-factor, dummy value



%%% Decorrelation distances: lambda parameters [1, Table 2]

fixpar.D1.NLoS.DS_lambda   = 36;        % [m], delay spread

fixpar.D1.NLoS.AS_D_lambda = 30;        % [m], departure azimuth spread

fixpar.D1.NLoS.AS_A_lambda = 40;        % [m], arrival azimuth spread

fixpar.D1.NLoS.SF_lambda   = 120;       % [m], shadowing

fixpar.D1.NLoS.KF_lambda   = NaN;       % [m], k-factor 



% Path loss, Note! see the path loss equation...

fixpar.D1.NLoS.PL_A = NaN;              % path loss exponent [dB]

fixpar.D1.NLoS.PL_B = NaN;              % path loss intercept [dB]

fixpar.D1.NLoS.PL_C = NaN;              % path loss frequency dependence factor

fixpar.D1.NLoS.PL_range = [10 5000];    % applicability range [m]

fixpar.D1.NLoS.BuildingHeight = 5;      % average building height



%%













WIM2_ITU_ChannelModel_ver4/scm_mex_core.c




/**

 * scm_mex_core.c

 *

 * This file contains functions for calculation of Spatial channel model for

 * Multiple Input Multiple Output (MIMO) simulations. It also has a mex gateway function

 * for Matlab use.

 *

 * Compilation:

 *

 *    In Matlab type:

 *

 *          mex scm_mex_core.c

 *

 * Instructions for input arguments is found in scm_mec_core.m help file.

 *

 * 

 * @author Jussi Salmi, Helsinki University of Technology, Radio Laboratory, SMARAD Center of Excellence

 * @date 2004/09/29

 * Jari (Apr 17, 2005): Modified power normalization of polarized option.

 *

 * Refs:

 *		[1] 3GPP TR 25.996 V6.1.0 (2003-09)

 */



#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include "mex.h"

#define PI 3.14159265358979323846

#define DEFAULT_LUT_POINTS 16384 /* must be a power of two */

#define GENERAL 1

#define POLARIZED 2

#define LOS 3





/**

 * Function complex_multiply calculates the multiplication of two complex numbers.

 * The complex numbers must be in cartesian form of (a + ib)

 * (a + ib)(c + id) = (ac - bd) + i[(a + b)(c + d) - ac - bd] 

 * @param a real part of the first number

 * @param b imaginary part of the first number

 * @param c real part of the second number

 * @param d imaginary part of the second number

 * @param re_ans real part of the answer

 * @param im_ans imaginary part of the answer

 */

void complex_multiply(const double a, const double b, 

   const double c, const double d, double *re_ans, double *im_ans) {

      

   *re_ans = a*c-b*d;

   *im_ans = b*c+a*d;

}



/**

 * Function complex_multiply calculates the multiplication of three complex numbers.

 * @param ar real part of the first number

 * @param ai imaginary part of the first number

 * @param br real part of the second number

 * @param bi imaginary part of the second number

 * @param cr real part of the third number

 * @param ci imaginary part of the third number

 * @param re_ans real part of the answer

 * @param im_ans imaginary part of the answer

 */

void complex_multiply_3(const double ar, const double ai, 

   const double br, const double bi, const double cr, const double ci,

   double *re_ans, double *im_ans) {

      

   *re_ans = ar*br*cr-ar*bi*ci-ai*br*ci-ai*bi*cr;

   *im_ans = ar*br*ci+ar*bi*cr+ai*br*cr-ai*bi*ci;

}



/**

 * Function matrix_multiply calculates open a multiplication of [a][B][c], where

 * a and c are two-element complex vectors and B is a 2-by-2 complex matrix.

 * @param a1_re real part of a1

 * @param a1_im imaginary part of a1

 * @param a2_re real part of a2

 * @param a2_im imaginary part of a2

 * @param c1_re real part of c1

 * @param c1_im imaginary part of c1

 * @param c2_re real part of c2

 * @param c2_im imaginary part of c2

 * @param b11_re real part of b11

 * @param b11_im imaginary part of b11

 * @param b12_re real part of b12

 * @param b12_im imaginary part of b12

 * @param b21_re real part of b21

 * @param b21_im imaginary part of b21

 * @param b22_re real part of b22

 * @param b22_im imaginary part of b22

 * @param ans_real_part pointer to output real part

 * @param ans_imag_part pointer to output imaginary part

 */

void matrix_multiply(double a1_re,double a1_im, double a2_re, double a2_im,

   double c1_re, double c1_im, double c2_re, double c2_im,

   double b11_re, double b11_im, double b12_re, double b12_im,

   double b21_re, double b21_im, double b22_re, double b22_im,

   double *ans_real_part, double *ans_imag_part) {

   

   double real_part, imag_part;

   /* calculating the matrix multiplication open */

   complex_multiply_3(a1_re,a1_im,c1_re,c1_im,b11_re,b11_im,&real_part,&imag_part);

   *ans_real_part = real_part;

   *ans_imag_part = imag_part;

   complex_multiply_3(a2_re,a2_im,c1_re,c1_im,b21_re,b21_im,&real_part,&imag_part);

   *ans_real_part += real_part;

   *ans_imag_part += imag_part;

   complex_multiply_3(a1_re,a1_im,c2_re,c2_im,b12_re,b12_im,&real_part,&imag_part);

   *ans_real_part += real_part;

   *ans_imag_part += imag_part;

   complex_multiply_3(a2_re,a2_im,c2_re,c2_im,b22_re,b22_im,&real_part,&imag_part);

   *ans_real_part += real_part;

   *ans_imag_part += imag_part;

}



/**

 * Function sumloop calculates the repeating summation of subpaths.

 * @param m_i starting index of subpaths

 * @param stop final index +1

 * @param exp_helper table of t-independent terms in complex sinusoidials

 * @param exp_t_coeff table of t-dependent terms

 * @param real_multiplier real part of product of gain terms

 * @param imag_multiplier imaginary part of product of gain terms

 * @param t time instant

 * @param lm order of terms to be summed

 * @param real_sum pointer to real part of the sum

 * @param imag_sum pointer to imaginary part of the sum

 */

void sumloop(int m_i, int stop, const double *exp_helper,const double *exp_t_coeff,

   const double *real_multiplier, const double *imag_multiplier, double t, const double *lm, 

   double *real_sum, double *imag_sum) {



   int lm_i;

   double angle, a, b;



   while (m_i < stop) {

      lm_i = (int)lm[m_i]-1; /* order of terms, lm is indexed in matlab */

      angle = exp_helper[lm_i] + exp_t_coeff[lm_i]* t;

      complex_multiply(real_multiplier[lm_i], imag_multiplier[lm_i],

         cos(angle), sin(angle), &a, &b);

      *real_sum += a; /* real part of the multiplication */

      *imag_sum += b; /* imaginary part of the multiplication */

      m_i++;

   }

}



/**

 * Function sumloop_with_table calculates the repeating summation of subpaths using quantized cosine.

 * @param m_i starting index of subpaths

 * @param stop final index +1

 * @param exp_helper table of t-independent terms in complex sinusoidials

 * @param exp_t_coeff table of t-dependent terms

 * @param real_multiplier real part of product of gain terms

 * @param imag_multiplier imaginary part of product of gain terms

 * @param t time instant

 * @param lm order of terms to be summed

 * @param real_sum pointer to real part of the sum

 * @param imag_sum pointer to imaginary part of the sum

 * @param cos_table table of quantized cosine values

 * @param r2p coefficient for look-up table (num_of_points/(2*PI))

 * @param divider constant used by look-up table

 * @param halfpi (pi/2)

 */

void sumloop_with_table(int m_i, int stop, const double *exp_helper,const double *exp_t_coeff,

   const double *real_multiplier, const double *imag_multiplier, double t, const double *lm, 

   double *real_sum, double *imag_sum, const double *cos_table, const double r2p,

   const long int divider, const double halfpi) {

   

   int lm_i;

   double angle, a, b;



   while (m_i < stop) {

      lm_i = (int)lm[m_i]-1; /* order of terms, lm is indexed in matlab */

      /*printf("lm_i: %i\n", lm_i+1);*/

      angle = exp_helper[lm_i] + exp_t_coeff[lm_i]* t;

      complex_multiply(real_multiplier[lm_i], imag_multiplier[lm_i],

         cos_table[abs(angle*r2p)&divider], cos_table[abs((angle-halfpi)*r2p)&divider],

         &a, &b);

      *real_sum += a; /* real part of the multiplication */

      *imag_sum += b; /* imaginary part of the multiplication */

      m_i++;

   }

}



/**

 * Function scm_sum computes coefficients for 3GPP Spatial channel model [1 5.5.1.

 * The parameter angles must be in radians!

 * @param sin_look_up_points if nonzero, then look-up table for sin/cos is used. Use -1 for default number of points.

 * @param u the number of MS elements

 * @param s the number of BS elements

 * @param n number of multipaths

 * @param l number of midpaths

 * @param m number of subpaths for each n multipath

 * @param k number of individual links

 * @param *re_sq_G_BS real part of square root of BS Gain coefficients (size [k][s][n][m])

 * @param *im_sq_G_BS imaginary part of BS Gain coefficients (size [k][s][n][m])

 * @param *re_sq_G_MS real part of MS Gain coefficients (size [k][u][n][m])

 * @param *im_sq_G_MS imaginary part of MS Gain coefficients (size [k][u][n][m])

 * @param k_CONST wavenumber (2*pi/lambda)

 * @param *d_s distance of BS antenna s from ref. antenna (s=1), (size [s])

 * @param *d_u distance of MS antenna u from ref. antenna (u=1), (size [u])

 * @param *aod Angel of Departure (size [k][n][m])

 * @param *aoa Angel of Arrival (size [k][n][m])

 * @param *phase phase of the mth subpath of the nth path (size [k][n][m])

 * @param *v magnitude of the MS velocity vector (size [k])

 * @param *theta_v angle of the MS velocity vector (size [k])

 * @param *ts vector of time samples (size [k][tn])

 * @param tn number of time samples

 * @param *sq_Pn square root of Pn (size [k][n*l])

 * @param *ln number of subpaths per midpath (size [l])

 * @param *lm subpath indexing order for midpaths, Matlab indexing: 1-m (size [m])

 * @param GainsAreScalar has value 1 if gain is scalar, zero if not

 * @param *re_h pointer to real part of output h, h has to be initialized outside scm function (size [u][s][n][tn][k])

 * @param *im_h pointer to imag part of output h

 * @param *output_SubPathPhase pointer to output phases (size [k][n][m])

 * @return 0 if success, 1 if bad arguments

 */

int scm_sum(const long int sin_look_up_points, const int u, const int s, const int n, const int l, const int m, const int k, 

   const double *re_sq_G_BS, const double *im_sq_G_BS, const double *re_sq_G_MS, const double *im_sq_G_MS,

   const double k_CONST, const double *d_s, const double *d_u, const double *aod, const double *aoa,

   const double *phase, const double *v, const double *theta_v, const double *ts, const int tn,

   const double *sq_Pn, const double *ln, const double *lm, int GainsAreScalar, double *re_h, double *im_h, double *output_SubPathPhase) {



   int i, t_i, n_i, nl_i, l_i, m_i, u_i, s_i, k_i, m_count; /* running index variables */



   /* notation conversion variables from [][] to *(p[0]+var) */

   long int ksnm, kunm, knm, usnltk, kn, knl, kt, usnl, usnltk_i, ksn, nl, kun;



   int msreal, bsreal, both_real; /* boolean variables to check complexity of gains */

   double delta_t;

   double a, b, c, d, real_sum, imag_sum, kds, kdu, kv, gainScalar_re, gainScalar_im;

   double *real_multiplier;

   double *imag_multiplier;

   double *exp_helper; /* part of coefficient for exp(j...) in the sum */

   double *exp_t_coeff;

   double *cos_table;

   double r2p;

   double halfpi;

   double *one_over_sq_ln;

   

   long int num_of_points, divider, pows_of_two;



   real_multiplier = (double*)malloc(m*sizeof(double));

   imag_multiplier = (double*)calloc(m,sizeof(double));

   exp_t_coeff = (double*)malloc(m*sizeof(double));

   exp_helper = (double*)malloc(m*sizeof(double));



   /* check if gains are real valued */

   bsreal = 0;

   msreal = 0;

   both_real = 0;

   if (im_sq_G_BS == NULL)

      bsreal = 1;

   if (im_sq_G_MS == NULL)

      msreal = 1;

   if (bsreal && msreal)

      both_real = 1;



   /* check if gains are scalar */

   if (GainsAreScalar) {

      a = *re_sq_G_BS;

      c = *re_sq_G_MS;

      if (both_real) {

         gainScalar_re = a*c;

         gainScalar_im = 0;

      }

      else {

         if (bsreal)

            b = 0.0;

         else

            b = *im_sq_G_BS;

         if (msreal)

            d = 0.0;

         else

            d = *im_sq_G_MS;

         complex_multiply(a, b, c, d,

            &gainScalar_re, &gainScalar_im);

      }

   }

  

   nl = n*l;

   usnl = u*s*nl; /* for output pointing */

   ksn = k*s*n;  /* for parameter pointing */

   kun = k*u*n;

   

   

   /* calculate coefficient terms */

   one_over_sq_ln = (double*)malloc(l*sizeof(double));

   for(i=0;i<l;i++) {

      one_over_sq_ln[i] = 1/sqrt(ln[i]); 

   }



   /* checks if look-up table is used for sin/cos */

   if (sin_look_up_points) {

      if (sin_look_up_points == -1)

         num_of_points = DEFAULT_LUT_POINTS;

      else {

         pows_of_two = 2;

         while (pows_of_two < sin_look_up_points)

            pows_of_two = pows_of_two*2;

         num_of_points = pows_of_two;

         if (pows_of_two != sin_look_up_points)

            printf("Warning: Number of LU points is not a power-of-2: size changed to %li.\n", num_of_points);

      }



      divider = num_of_points-1;

      r2p = num_of_points/(2*PI);

      halfpi = PI*0.5;

      

      cos_table = (double*)malloc(num_of_points*sizeof(double));



      /* calculate the table */

      for (i=0;i<num_of_points;i++) { 

         cos_table[i] = cos((i+0.5)/r2p);

      }



      /* cycling links */

      for(k_i=0; k_i<k; k_i++) {

         if(tn>1) {

            delta_t = *(ts+k+k_i)-*(ts+k_i);

         }

         kv = k_CONST * v[k_i];

         /* cycling u, u is a given constant*/

         for(u_i=0; u_i < u; u_i++) {

            kdu = k_CONST * *(d_u+u_i);

            /* cyckling s, s is a given constant */

            for(s_i=0;s_i< s; s_i++) {

               kds = k_CONST * *(d_s+s_i);

               /* running through paths, n is a given constant*/

               nl_i = 0;

               for(n_i=0;n_i<n;n_i++) {

                  kn = k*n_i +k_i;

                  /* calculating m-variant t-invariant values */

                  for(m_i=0; m_i<m; m_i++) {                     

                     /* calculation of pointer parameters */

                     knm = k*n*m_i+kn;



                     /* calculation of sqrt(G_BS)*sqrt(G_MS): */

                     if (GainsAreScalar) {

                        real_multiplier[m_i] = gainScalar_re;

                        imag_multiplier[m_i] = gainScalar_im;

                     }

                     /* gains aren't scalar */

                     else {

                        ksnm = ksn*m_i+k*s*n_i+k*s_i+ k_i;

                        kunm = kun*m_i+k*u*n_i+k*u_i+k_i;

                        a = *(re_sq_G_BS + ksnm);

                        c = *(re_sq_G_MS + kunm);

                        if(both_real)

                           real_multiplier[m_i] = a*c;

                        else {

                           if (!bsreal) 

                              b = *(im_sq_G_BS + ksnm);

                           if (!msreal) 

                              d = *(im_sq_G_MS + kunm);

                           complex_multiply(a, b, c, d,

                              &real_multiplier[m_i], &imag_multiplier[m_i]);

                        }

                     }

                     exp_helper[m_i] = kds * cos_table[abs((*(aod+knm)-halfpi)*r2p)&divider]

                        + *(phase+knm) + kdu * cos_table[abs((*(aoa+knm)-halfpi)*r2p)&divider];



                     /* next value should be calculated accurately, because it is the main source of

                     * error when multiplied with large time sample values!

                     */

                     exp_t_coeff[m_i] =  kv * cos(*(aoa+knm)-theta_v[k_i]);	



                     if (tn >1) /* output pphase can be evaluated only if more than one time sample */

                        *(output_SubPathPhase+knm) = exp_t_coeff[m_i]* (*(ts+k*(tn-1)+k_i)+delta_t);

                  }  

                  

                  m_count = 0;

                  for (l_i=0;l_i<l;l_i++ ) {

                     knl = k*nl_i+k_i;

                     usnltk_i = usnl*tn*k_i + u*s*nl_i + u*s_i + u_i;

                     /* cycling the time vector */

                     for (t_i=0; t_i<tn; t_i++) {

                        real_sum = 0;

                        imag_sum = 0;

                        kt = k*t_i + k_i;

                        /* cycling m, now no calculations with m dependable variables is required */

                        m_i = m_count;

                        sumloop_with_table(m_i,m_count+(int)ln[l_i],exp_helper,exp_t_coeff, real_multiplier, imag_multiplier,

                           *(ts+kt), lm, &real_sum, &imag_sum, cos_table, r2p,divider, halfpi);

                        /* setting the output values and multiplying them with proper coefficient*/

                        usnltk = usnltk_i + usnl*t_i;

                        *(re_h+usnltk) = real_sum * *(sq_Pn+knl) * one_over_sq_ln[l_i];

                        *(im_h+usnltk) = imag_sum* *(sq_Pn+knl)* one_over_sq_ln[l_i];

                     }

                     m_count = m_count+(int)ln[l_i];

                     nl_i++;

                  }

               }

            }

         }

      }

      /* freeing memory of temporary tables */

      free(cos_table);

   }



   /* sin_look_up not used */

   else {



      /* cycling links */

      for(k_i=0; k_i<k; k_i++) {

         if(tn>1)

            delta_t = *(ts+k+k_i)-*(ts+k_i);

         kv = k_CONST * v[k_i];

         /* cycling u, u is a given constant*/

         for(u_i=0; u_i < u; u_i++) {

            kdu = k_CONST * *(d_u+u_i);

            /* cyckling s, s is a given constant */

            for(s_i=0;s_i< s; s_i++) {

               kds = k_CONST * *(d_s+s_i);

               /* running through paths, n is a given constant*/

               nl_i = 0;

               for(n_i=0;n_i<n;n_i++) {

                  kn = k*n_i +k_i;

                  /* calculating m-variant t-invariant values */

                  for(m_i=0; m_i<m; m_i++) {                     

                     /* calculation of pointer parameters */

                     knm = k*n*m_i+kn;



                     /* calculation of sqrt(G_BS)*sqrt(G_MS): */

                     if (GainsAreScalar) {

                        real_multiplier[m_i] = gainScalar_re;

                        imag_multiplier[m_i] = gainScalar_im;

                     }

                     /* gains aren't scalar */

                     else {

                        ksnm = ksn*m_i+k*s*n_i+k*s_i+ k_i;

                        kunm = kun*m_i+k*u*n_i+k*u_i+k_i;

                        a = *(re_sq_G_BS + ksnm);

                        c = *(re_sq_G_MS + kunm);

                        if(both_real)

                           real_multiplier[m_i] = a*c;

                        else {

                           if (!bsreal) 

                              b = *(im_sq_G_BS + ksnm);

                           if (!msreal) 

                              d = *(im_sq_G_MS + kunm);

                           complex_multiply(a, b, c, d,

                              &real_multiplier[m_i], &imag_multiplier[m_i]);

                        }

                     }



                     /* calculation of t-invariant part of exp(j...) in [1] 5.4 */

                     exp_helper[m_i] = kds * sin(*(aod+knm)) + *(phase+knm) +

                        kdu * sin(*(aoa+knm));



                     /* the coefficient just in front of t in exp(j...)*/

                     exp_t_coeff[m_i] = kv * cos(*(aoa+knm)-theta_v[k_i]);



                     if (tn >1) /* output pphase can be evaluated only if more than one time sample */

                     *(output_SubPathPhase+knm) = exp_t_coeff[m_i]* (*(ts+k*(tn-1)+k_i)+delta_t);

                  }



                  m_count = 0;

                  for (l_i=0;l_i<l;l_i++ ) {

                     knl = k*nl_i+k_i;

                     usnltk_i = usnl*tn*k_i + u*s*nl_i + u*s_i + u_i;

                     /* cycling the time vector */

                     for (t_i=0; t_i<tn; t_i++) {

                        real_sum = 0;

                        imag_sum = 0;

                        kt = k*t_i + k_i;



                        /* cycling m, now no calculations with m dependable variables is required */

                        m_i = m_count;

                        sumloop(m_i,m_count+(int)ln[l_i],exp_helper,exp_t_coeff, real_multiplier, imag_multiplier,

                           *(ts+kt), lm, &real_sum, &imag_sum);



                        /* setting the output values and multiplying them with proper coefficient*/

                        usnltk = usnltk_i + usnl*t_i;

                        *(re_h+usnltk) = real_sum * *(sq_Pn+knl) * one_over_sq_ln[l_i];

                        *(im_h+usnltk) = imag_sum* *(sq_Pn+knl)* one_over_sq_ln[l_i];

                     }

                     m_count = m_count+(int)ln[l_i];

                     nl_i++;

                  }

               }

            }

         }

      }

   }

   /* freeing memory of temporary tables */

   free(real_multiplier);

   free(imag_multiplier);

   free(exp_t_coeff);

   free(exp_helper);

   free(one_over_sq_ln);

   

   return 0;

}



/**

 * Function scm_pol_sum Creates array for Spatial channel model sums with cross-polarization.

 * The parameter angles must be in radians!

 * @param sin_look_up_points if nonzero, then look-up table for sin/cos is used. Use -1 for default number of points.

 * @param u the number of MS elements

 * @param s the number of BS elements

 * @param n number of multipaths

 * @param l number of midpaths

 * @param m number of subpaths for each n multipath

 * @param k the number of individual links

 * @param *re_X_BS_v real part of BS antenna V-pol component response (size [k][s][n][m])

 * @param *im_X_BS_v imaginary part of BS antenna V-pol component response (size [k][s][n][m])

 * @param *re_X_BS_h real part of BS antenna H-pol component response (size [k][s][n][m])

 * @param *im_X_BS_h imaginary part of BS antenna H-pol component response (size [k][s][n][m])

 * @param *re_X_MS_v real part of MS antenna V-pol component response (size [k][u][n][m])

 * @param *im_X_MS_v imaginary part of MS antenna V-pol component response (size [k][u][n][m])

 * @param *re_X_MS_h real part of MS antenna H-pol component response (size [k][u][n][m])

 * @param *im_X_MS_h imaginary part of MS antenna H-pol component response (size [k][u][n][m])

 * @param k wavenumber (2*pi/lambda)

 * @param *d_s distance of BS antenna s from ref. antenna (s=1), (size [s])

 * @param *d_u distance of MS antenna u from ref. antenna (u=1), (size [u])

 * @param *aod Angel of Departure (size [k][n][m])

 * @param *aoa Angel of Arrival (size [k][n][m])

 * @param *phase_v_v Phase offset of the mth subpath of the nth path between vertical components of BS and MS (size = [k][n][m])

 * @param *phase_v_h Phase offset of the mth subpath of the nth path between vertical components of BS and horizontal components of MS (size = [k][n][m])

 * @param *phase_h_v Phase offset of the mth subpath of the nth path between horizontal components of BS and vertical components of MS (size = [k][n][m])

 * @param *phase_h_h Phase offset of the mth subpath of the nth path between horizontal components of BS and MS (size = [k][n][m])

 * @param *sq_r_n1 square root of power ratio of (v-h)/(v-v) (size [k][n])

 * @param *sq_r_n2 square root of power ratio of (h-v)/(v-v) (size [k][n])

 * @param *v magnitude of the MS velocity vector (size [k])

 * @param *theta_v angle of the MS velocity vector (size [k])

 * @param *ts vectors of time samples (size [k][tn])

 * @param tn number of time samples

 * @param *sq_Pn square root of Pn (size [k][n*l])

 * @param *ln number of subpaths per midpath (size [l])

 * @param *lm subpath indexing order for midpaths, Matlab indexing: 1-m (size [m])

 * @param GainsAreScalar has value 1 if gain is scalar, zero if not

 * @param *re_h pointer to real part output matrice h, must be initialized outside scm function (size [u][s][n][t][k])

 * @param *im_h pointer to imag part output matrice h, must be initialized outside scm function (size [u][s][n][t][k])

 * @param *output_SubPathPhase (size [k][n][m])

 * @return 0 if success, 1 if bad arguments

 */

int scm_pol_sum(const long int sin_look_up_points, const int u, const int s, const int n, const int l, const int m, const int k,

   const double *re_X_BS_v, const double *im_X_BS_v, const double *re_X_BS_h, const double *im_X_BS_h, 

   const double *re_X_MS_v, const double *im_X_MS_v, const double *re_X_MS_h, const double *im_X_MS_h, 

   const double k_CONST, const double *d_s, const double *d_u, const double *aod, const double *aoa,

   const double *phase_v_v, const double *phase_v_h, const double *phase_h_v, const double *phase_h_h,

   const double *r_n1, const double *r_n2,	const double *v, const double *theta_v, const double *ts,

   const int tn, const double *sq_Pn, const double *ln, const double *lm, int GainsAreScalar,

   double *re_h, double *im_h, double *output_SubPathPhase) {



   int i, n_i, nl_i, l_i, m_i, u_i, s_i, t_i, k_i, m_count;	/* running index variables */

   /* notation conversion variables from [][] to *(p[0]+var) */

   long int ksnm, kunm, knm, usnltk, kn, knl, nl, kt, usnl, usnltk_i, ksn, kun;



   int bsreal, msreal, both_real;

   double a1_re, a1_im, a2_re, a2_im, c1_re, c1_im, c2_re, c2_im; /* variables for multiplications*/

   double b11_re, b11_im, b12_re, b12_im, b21_re, b21_im, b22_re, b22_im;

   double a1c1_re, a1c2_re, a2c1_re, a2c2_re;

   double tmp; /* temporary variable to lighten calculations */

   double kds, kdu, kv, real_sum, imag_sum;

   double *real_multiplier;

   double *imag_multiplier;

   double *exp_t_coeff, *exp_helper;

   double delta_t;

   double *cos_table;

   double r2p;

   double halfpi;

   long int num_of_points, divider, pows_of_two;

   double *one_over_sq_ln;

   

   double sq_r_n1, sq_r_n2;     /* (Jari, Apr 17, 2005) */

   

   real_multiplier = (double*)malloc(m*sizeof(double));

   imag_multiplier = (double*)calloc(m,sizeof(double));

   exp_t_coeff = (double*)malloc(m*sizeof(double));

   exp_helper = (double*)malloc(m*sizeof(double));



   /* check if input gains are not complex */

   bsreal = 0;

   msreal = 0;

   both_real = 0;

   if (im_X_BS_v == NULL)

      bsreal = 1;

   if (im_X_MS_v == NULL)

      msreal = 1;

   if(bsreal && msreal)

      both_real = 1;



   if (GainsAreScalar) {

      if (both_real) {

         a1c1_re = *re_X_BS_v * *re_X_MS_v;

         a2c1_re = *re_X_BS_h * *re_X_MS_v;

         a1c2_re = *re_X_BS_v * *re_X_MS_h;

         a2c2_re = *re_X_BS_h * *re_X_MS_h;

      }

   }



   nl = n*l;

   usnl = u*s*nl;

   ksn = k*s*n;

   kun = k*u*n;



   /* calculate coefficient terms */

   one_over_sq_ln = (double*)malloc(l*sizeof(double));

   for(i=0;i<l;i++) {

      one_over_sq_ln[i] = 1/sqrt(ln[i]); 

   }



   /* checks if look-up table is used for sin/cos */

   if (sin_look_up_points) {

      if (sin_look_up_points == -1)

         num_of_points = DEFAULT_LUT_POINTS;

      else {

         pows_of_two = 2;

         while (pows_of_two < sin_look_up_points)

            pows_of_two = pows_of_two*2;

         num_of_points = pows_of_two;

         if (pows_of_two != sin_look_up_points)

            printf("Warning: Number of LU points is not a power-of-2: size changed to %li.\n", num_of_points);

      }



      divider =  num_of_points -1;

      r2p = num_of_points/(2*PI);

      halfpi = PI*0.5;



      cos_table = (double*)malloc(num_of_points*sizeof(double));

      /* calculate the table */

      for (i=0;i<num_of_points;i++) 

         cos_table[i] = cos((i+0.5)/r2p);



      /* cycling links */

      for(k_i=0; k_i<k; k_i++) {

         if(tn>1)

            delta_t = *(ts+k+k_i)-*(ts+k_i);

         kv = k_CONST * v[k_i]; /* value depends only on k */

         /* u is a given constant */

         for (u_i=0; u_i<u; u_i++) {

            kdu = k_CONST * *(d_u+u_i); /* value depends only on u */

            /* s is a given constant */

            for (s_i=0; s_i<s; s_i++) {

               kds = k_CONST * *(d_s+s_i); /* value depends only on s */

               /* running through paths, n is a given constant */

               nl_i=0;

               for (n_i=0; n_i<n; n_i++) {

                  kn = k*n_i +k_i;

                  /* m is a given constant */

                  for (m_i=0; m_i<m; m_i++) {

                     /* calculation of pointer parameters */

                     knm = k*n*m_i+kn;

                     

                     /* Jari (Apr 17, 2005): changed power normalization */

							/* Pekka 28.11.2005, changed to per ray XPRs

                     sq_r_n1 = sqrt(*(r_n1+kn));

                     sq_r_n2 = sqrt(*(r_n2+kn)); */

                     sq_r_n1 = sqrt(*(r_n1+knm));

                     sq_r_n2 = sqrt(*(r_n2+knm));

                     

                     b12_re = sq_r_n1 * cos_table[abs((*(phase_v_h+knm))*r2p)&divider];

                     b12_im = sq_r_n1 * cos_table[abs((*(phase_v_h+knm)-halfpi)*r2p)&divider];

                     b11_re = cos_table[abs((*(phase_v_v+knm))*r2p)&divider];

                     b11_im = cos_table[abs((*(phase_v_v+knm)-halfpi)*r2p)&divider];                        

                     b21_re = sq_r_n2 * cos_table[abs((*(phase_h_v+knm))*r2p)&divider];

                     b21_im = sq_r_n2 * cos_table[abs((*(phase_h_v+knm)-halfpi)*r2p)&divider];

                     b22_re = cos_table[abs((*(phase_h_h+knm))*r2p)&divider];

                     b22_im = cos_table[abs((*(phase_h_h+knm)-halfpi)*r2p)&divider];

                     





                     /* Jari (Apr 17, 2005): Xpd independent power, not used in this version */

                     /*

                     tmp = 1/sqrt(1+*(r_n1+kn));

                     b12_re = tmp * cos_table[abs((*(phase_v_h+knm))*r2p)&divider];

                     b12_im = tmp * cos_table[abs((*(phase_v_h+knm)-halfpi)*r2p)&divider];

                     tmp = sqrt(*(r_n1+kn))*tmp;

                     b11_re =  tmp * cos_table[abs((*(phase_v_v+knm))*r2p)&divider];

                     b11_im = tmp * cos_table[abs((*(phase_v_v+knm)-halfpi)*r2p)&divider];

                     tmp = 1/sqrt(1+*(r_n2+kn));

                     b21_re = tmp * cos_table[abs((*(phase_h_v+knm))*r2p)&divider];

                     b21_im = tmp * cos_table[abs((*(phase_h_v+knm)-halfpi)*r2p)&divider];

                     tmp = sqrt(*(r_n2+kn))*tmp;

                     b22_re = tmp * cos_table[abs((*(phase_h_h+knm))*r2p)&divider];

                     b22_im = tmp * cos_table[abs((*(phase_h_h+knm)-halfpi)*r2p)&divider];

                     */



                     if(both_real) { 

                        if (GainsAreScalar) {

                           real_multiplier[m_i] = a1c1_re *b11_re + a2c1_re * b21_re +

                              a1c2_re*b12_re + a2c2_re*b22_re;

                           imag_multiplier[m_i] = a1c1_re*b11_im + a2c1_re*b21_im +

                              a1c2_re*b12_im + a2c2_re*b22_im;

                        }

                        else { /* aren't scalar, but real*/

                           ksnm = ksn*m_i+k*s*n_i+k*s_i+ k_i;

                           kunm = kun*m_i+k*u*n_i+k*u_i+k_i;

                           a1_re = *(re_X_BS_v+ksnm);

                           a2_re = *(re_X_BS_h+ksnm);

                           c1_re = *(re_X_MS_v+kunm);

                           c2_re = *(re_X_MS_h+kunm);

                           real_multiplier[m_i] = a1_re*c1_re*b11_re + a2_re*c1_re*b21_re + 

                              a1_re*c2_re*b12_re + a2_re*c2_re*b22_re;

                           imag_multiplier[m_i] = a1_re*c1_re*b11_im + a2_re*c1_re*b21_im +

                              a1_re*c2_re*b12_im + a2_re*c2_re*b22_im;

                        }

                     }

                     else { /* aren't real*/

                        ksnm = ksn*m_i+k*s*n_i+k*s_i+ k_i;

                        kunm = kun*m_i+k*u*n_i+k*u_i+k_i;

                        a1_re = *(re_X_BS_v+ksnm);

                        a2_re = *(re_X_BS_h+ksnm);

                        c1_re = *(re_X_MS_v+kunm);

                        c2_re = *(re_X_MS_h+kunm);

                        if (bsreal) {

                           a1_im= 0.0;

                           a2_im = 0.0;

                        }

                        else {

                           a1_im = *(im_X_BS_v+ksnm);

                           a2_im = *(im_X_BS_h+ksnm);

                        }

                        if (msreal) {

                           c1_im = 0.0;

                           c2_im = 0.0;

                        }

                        else {

                           c1_im = *(im_X_MS_v+kunm);

                           c2_im =  *(im_X_MS_h+kunm);

                        }

                        matrix_multiply(a1_re,a1_im,a2_re,a2_im,c1_re,c1_im,c2_re,c2_im,

                           b11_re,b11_im,b12_re,b12_im,b21_re,b21_im,b22_re,b22_im,

                           &real_multiplier[m_i], &imag_multiplier[m_i]);

                     }



                     /* time invariant exponent term */

                     exp_helper[m_i] = kds * cos_table[abs((*(aod+knm)-halfpi)*r2p)&divider]

                        + kdu * cos_table[abs((*(aoa+knm)-halfpi)*r2p)&divider];



                     /* the coefficient just in front of t in exp(j...)

                     * next value should be calculated accurately, because it is the main source of

                     * error when multiplied with large time sample values!

                     */

                     exp_t_coeff[m_i] =  kv * cos(*(aoa+knm)-theta_v[k_i]);	





                     if (tn >1) /* output pphase can be evaluated only if more than one time sample */

                     *(output_SubPathPhase+knm) = exp_t_coeff[m_i]* (*(ts+k*(tn-1)+k_i)+delta_t);

                  }

                  m_count = 0;

                  for (l_i=0;l_i<l;l_i++ ) {

                     knl = k*nl_i+k_i;

                     usnltk_i = usnl*tn*k_i + u*s*nl_i + u*s_i + u_i;

                     /* cycling the time vector */

                     for (t_i=0; t_i<tn; t_i++) {

                        real_sum = 0;

                        imag_sum = 0;

                        kt = k*t_i + k_i;

                        /* cycling m, now no calculations with m dependable variables is required */

                        m_i = m_count;

                        sumloop_with_table(m_i,m_count+(int)ln[l_i],exp_helper,exp_t_coeff, real_multiplier, imag_multiplier,

                           *(ts+kt), lm, &real_sum, &imag_sum, cos_table, r2p,divider, halfpi);

                        /* setting the output values and multiplying them with proper coefficient*/

                        usnltk = usnltk_i + usnl*t_i;

                        *(re_h+usnltk) = real_sum * *(sq_Pn+knl) * one_over_sq_ln[l_i];

                        *(im_h+usnltk) = imag_sum* *(sq_Pn+knl)* one_over_sq_ln[l_i];

                     }

                     m_count = m_count+(int)ln[l_i];

                     nl_i++;

                  }

               }

            }

         }

      }

      free(cos_table);

   }



   /* sin_look_up not used */

   else {



      /* cycling links */

      for(k_i=0; k_i<k; k_i++) {

         if(tn>1) {

            delta_t = *(ts+k+k_i)-*(ts+k_i);

         }

         kv = k_CONST * v[k_i]; /* value depends only on k */

         /* u is a given constant */

         for (u_i=0; u_i<u; u_i++) {

            kdu = k_CONST * *(d_u+u_i); /* value depends only on u */

            /* s is a given constant */

            for (s_i=0; s_i<s; s_i++) {

               kds = k_CONST * *(d_s+s_i); /* value depends only on s */

               /* running through paths, n is a given constant */

               nl_i = 0;

               for (n_i=0; n_i<n; n_i++) {

                  kn = k*n_i +k_i;

                  /* m is a given constant */

                  for (m_i=0; m_i<m; m_i++) {

                     /* calculation of pointer parameters */

                     knm = k*n*m_i+kn;

                     

                     

                     /* Jari (Apr 17, 2005): changed power normalization */

					 		/* Pekka 28.11.2005, changed to per ray XPRs

                     sq_r_n1 = sqrt(*(r_n1+kn));

                     sq_r_n2 = sqrt(*(r_n2+kn)); */

                     sq_r_n1 = sqrt(*(r_n1+knm));

                     sq_r_n2 = sqrt(*(r_n2+knm));



                     

                     b12_re = sq_r_n1 * cos(*(phase_v_h+knm));

                     b12_im = sq_r_n1 * sin(*(phase_v_h+knm));

                     b11_re = cos(*(phase_v_v+knm));

                     b11_im = sin(*(phase_v_v+knm));

                     b21_re = sq_r_n2 * cos(*(phase_h_v+knm));

                     b21_im = sq_r_n2 * sin(*(phase_h_v+knm));

                     b22_re = cos(*(phase_h_h+knm));

                     b22_im = sin(*(phase_h_h+knm));



                     

                     

                     /* Jari (Apr 17, 2005): Xpd independent power normalization, not used in this version */

                     /*

                     tmp = 1/sqrt(1+*(r_n1+kn));

                     b12_re = tmp * cos(*(phase_v_h+knm));

                     b12_im = tmp * sin(*(phase_v_h+knm));

                     tmp = sqrt(*(r_n1+kn))*tmp;

                     b11_re =  tmp * cos(*(phase_v_v+knm));

                     b11_im = tmp * sin(*(phase_v_v+knm));

                     tmp = 1/sqrt(1+*(r_n2+kn));

                     b21_re = tmp * cos(*(phase_h_v+knm));

                     b21_im = tmp * sin(*(phase_h_v+knm));

                     tmp = sqrt(*(r_n2+kn))*tmp;

                     b22_re = tmp * cos(*(phase_h_h+knm));

                     b22_im = tmp * sin(*(phase_h_h+knm));

                     */



                     if(both_real) { 

                        if (GainsAreScalar) {

                           real_multiplier[m_i] = a1c1_re *b11_re + a2c1_re * b21_re +

                              a1c2_re*b12_re + a2c2_re*b22_re;

                           imag_multiplier[m_i] = a1c1_re*b11_im + a2c1_re*b21_im +

                              a1c2_re*b12_im + a2c2_re*b22_im;

                        }

                        else { /* aren't scalar*/

                           ksnm = ksn*m_i+k*s*n_i+k*s_i+ k_i;

                           kunm = kun*m_i+k*u*n_i+k*u_i+k_i;

                           a1_re = *(re_X_BS_v+ksnm);

                           a2_re = *(re_X_BS_h+ksnm);

                           c1_re = *(re_X_MS_v+kunm);

                           c2_re = *(re_X_MS_h+kunm);

                           real_multiplier[m_i] = a1_re*c1_re*b11_re + a2_re*c1_re*b21_re + 

                              a1_re*c2_re*b12_re + a2_re*c2_re*b22_re;

                           imag_multiplier[m_i] = a1_re*c1_re*b11_im + a2_re*c1_re*b21_im +

                              a1_re*c2_re*b12_im + a2_re*c2_re*b22_im;

                        }

                     }

                     else { /* aren't real*/

                        ksnm = ksn*m_i+k*s*n_i+k*s_i+ k_i;

                        kunm = kun*m_i+k*u*n_i+k*u_i+k_i;

                        a1_re = *(re_X_BS_v+ksnm);

                        a2_re = *(re_X_BS_h+ksnm);

                        c1_re = *(re_X_MS_v+kunm);

                        c2_re = *(re_X_MS_h+kunm);

                        if (bsreal) {

                           a1_im= 0.0;

                           a2_im = 0.0;

                        }

                        else {

                           a1_im = *(im_X_BS_v+ksnm);

                           a2_im = *(im_X_BS_h+ksnm);

                        }

                        if (msreal) {

                           c1_im = 0.0;

                           c2_im = 0.0;

                        }

                        else {

                           c1_im = *(im_X_MS_v+kunm);

                           c2_im =  *(im_X_MS_h+kunm);

                        }

                        matrix_multiply(a1_re,a1_im,a2_re,a2_im,c1_re,c1_im,c2_re,c2_im,

                           b11_re,b11_im,b12_re,b12_im,b21_re,b21_im,b22_re,b22_im,

                           &real_multiplier[m_i], &imag_multiplier[m_i]);

                     }



                     /* time invariant exponent term */

                     exp_helper[m_i] = kds * sin(*(aod+knm)) + kdu * sin(*(aoa+knm));



                     /* the coefficient just in front of t in exp(j...)*/

                     exp_t_coeff[m_i] = kv * cos(*(aoa+knm)-theta_v[k_i]);



                     if (tn >1) /* output pphase can be evaluated only if more than one time sample */

                        *(output_SubPathPhase+knm) = exp_t_coeff[m_i]* (*(ts+k*(tn-1)+k_i)+delta_t);

                  }

                  m_count = 0;

                  for (l_i=0;l_i<l;l_i++ ) {

                      knl = k*nl_i+k_i;

                      usnltk_i = usnl*tn*k_i + u*s*nl_i + u*s_i + u_i;

                     /* cycling the time vector */

                     for (t_i=0; t_i<tn; t_i++) {

                        real_sum = 0;

                        imag_sum = 0;

                        kt = k*t_i + k_i;



                        /* cycling m, now no calculations with m dependable variables is required */

                        m_i = m_count;

                        sumloop(m_i,m_count+(int)ln[l_i],exp_helper,exp_t_coeff, real_multiplier, imag_multiplier,

                           *(ts+kt), lm, &real_sum, &imag_sum);



                        /* setting the output values and multiplying them with proper coefficient*/

                        usnltk = usnltk_i + usnl*t_i;

                        *(re_h+usnltk) = real_sum * *(sq_Pn+knl) * one_over_sq_ln[l_i];

                        *(im_h+usnltk) = imag_sum* *(sq_Pn+knl)* one_over_sq_ln[l_i];

                     }

                     m_count = m_count+(int)ln[l_i];

                     nl_i++;

                  }

               }

            }

         }

      }

   }

   /* freeing memory of temporary tables */

   free(real_multiplier);

   free(imag_multiplier);

   free(exp_t_coeff);

   free(exp_helper);

   free(one_over_sq_ln);



   return 0;

}



/**

 * Function scm_los creates a line of sight component.

 * The parameter angles must be in radians!

 * @param u the number of MS elements

 * @param s the number of BS elements

 * @param n number of paths

 * @param k the number of individual links

 * @param *re_G_BS real part of square root of BS Gain coefficients (size [k][s])

 * @param *im_G_BS imaginary part of BS Gain coefficients (size [k][s])

 * @param *re_G_MS real part of MS Gain coefficients (size [k][u])

 * @param *im_G_MS imaginary part of MS Gain coefficients (size [k][u])

 * @param k_CONST wavenumber (2*pi/lambda)

 * @param *d_s distance of BS antenna s from ref. antenna (s=1), (size [s])

 * @param *d_u distance of MS antenna u from ref. antenna (u=1), (size [u])

 * @param *theta_BS Angel of Departure for LOS (size [k])

 * @param *theta_MS Angel of Arrival for LOS (size [k])

 * @param phase_los phase of LOS component (size [k])

 * @param *v magnitude of the MS velocity vector (size [k])

 * @param *theta_v angle of the MS velocity vector (size [k])

 * @param *ts vector of time samples (size [k][tn])

 * @param tn number of time samples

 * @param *k_FACTOR the Ricean K factors (size [k])

 * @return 0 if success, 1 if bad arguments

 * @param *re_h pointer to real part of output los (size[u][s][t])

 * @param *im_h pointer to imag part output matrice h, re_h has to be initialized outside scm function

 * @param *output_los_phase output LOS phase (size [k])



 * @return 0 if success, 1 if bad arguments

 */

int scm_los(const int u, const int s, const int n, const int k, const double *re_G_BS, const double *im_G_BS,

   const double *re_G_MS, const double *im_G_MS,	const double k_CONST,

   const double *d_s, const double *d_u, const double *theta_BS, const double *theta_MS,

   const double *phase_los, const double *v, const double *theta_v, const double *ts, const int tn,

   double *k_FACTOR, double *re_h, double *im_h, double *output_los_phase) {



   int t_i, u_i, s_i, k_i, n_i;	/* running index variables */

   long int usntk_i, usn, usntk, ks, ku, kt; 	/* notation conversion variables from [][] to *(p[0]+var) */

   double delta_t;

   double a, b, angle;

   double real_multiplier, imag_multiplier, re_LOS, im_LOS;

   double exp_helper; /* part of coefficient for exp(j...) in the sum */

   double exp_t_coeff;

   double sq_1_over_K_plus_1, sq_K;





   for(k_i=0;k_i<k;k_i++) {

      /* check for LOS component */

      if (k_FACTOR[k_i] != 0) {

         

         /* the coefficients for terms */

         sq_1_over_K_plus_1 = sqrt(1/(k_FACTOR[k_i]+1));

         sq_K = sqrt(k_FACTOR[k_i]);



         /* the coefficient just in front of t in exp(j...)

         doesn't depend on u or s */

         exp_t_coeff = k_CONST * v[k_i] * cos(theta_MS[k_i]-theta_v[k_i]);



         /* output phase can be evaluated only if more than one time sample */

         if (tn >1) {

            delta_t = *(ts+k*1+k_i)-*(ts+k_i);

            *(output_los_phase+k_i) = exp_t_coeff * (*(ts+k*(tn-1)+k_i)+delta_t);

         }

         usn = u*s*n;



         /* u is a given constant*/

         for(u_i=0; u_i < u; u_i++) {

            /* s is a given constant */

            for(s_i=0;s_i< s; s_i++) {



               for(n_i=0; n_i<n; n_i++) {

                  

                  usntk_i = usn*tn*k_i + u*s*n_i + u*s_i + u_i;

                  /* for all components */

                  for(t_i=0; t_i<tn; t_i++) {

                     usntk = usntk_i + usn*t_i;

                     *(re_h + usntk) = sq_1_over_K_plus_1 * *(re_h + usntk);

                     *(im_h + usntk) = sq_1_over_K_plus_1 * *(im_h + usntk);

                  }



                  /* for LOS components */

                  if (n_i == 0) {



                     ks = k*s_i + k_i;

                     ku = k*u_i + k_i;



                     /* Multiplying gain components (t-invariant) */

                     /* check G_BS and G_MS for being real valued */

                     if (im_G_BS != NULL) {

                        if(im_G_MS != NULL) {

                           complex_multiply(*(re_G_BS+ks), *(im_G_BS+ks),

                              *(re_G_MS+ku), *(im_G_MS+ku), &a, &b);

                        }

                        /* only G_BS is complex */

                        else {

                           complex_multiply(*(re_G_BS+ks), *(im_G_BS+ks),

                              *(re_G_MS+ku), 0.0, &a, &b);

                        }

                     }



                     /* all is real */

                     else {

                        a = *(re_G_BS+ks) * *(re_G_MS+ku);

                        b = 0.0;

                     }



                     /* calculation of t-invariant part of exp(j...) in [1] 5.4 */

                     exp_helper = k_CONST * (*(d_s+s_i) * sin(theta_BS[k_i]) + 

                        *(d_u+u_i) * sin(theta_MS[k_i])) + phase_los[k_i];



                     /* product of previous two */

                     complex_multiply(a, b, cos(exp_helper), sin(exp_helper),

                        &real_multiplier, &imag_multiplier);



                     usntk_i = usn*tn*k_i + u*s*n_i + u*s_i + u_i;

                     for(t_i=0; t_i<tn; t_i++) {

                        usntk = usntk_i + usn*t_i;

                        kt = k*t_i + k_i;

                        angle = exp_t_coeff * *(ts+kt);

                        complex_multiply(real_multiplier, imag_multiplier,

                           cos(angle), sin(angle),

                           &re_LOS, &im_LOS);

                        *(re_h + usntk) += sq_K * sq_1_over_K_plus_1 * re_LOS;

                        *(im_h + usntk) += sq_K * sq_1_over_K_plus_1 * im_LOS;

                     }

                  }

               }

            }

         }

      }

   }

   return 0;

}







/**

 * This is the mex-function.

 *

 * Input arguments are:

 *

 * FOR GENERAL COEFFICIENTS MODE:

 *

 * prhs[0] = mode, either 1 (GENERAL), 2 (POLARIZED) or 3 (LOS) 

 * prhs[1] = [G_BS], complex BS_antenna gains (size [k][s][n][m])

 * prhs[2] = [G_MS], complex MS_antenna gains (size [k][u][n][m])

 * prhs[3] = [aod], angles of departure (size [k][n][m])

 * prhs[4] = [aoa], angles of arrival (size [k][n][m])

 * prhs[5] = [d_s], distances of BS antenna s from ref. antenna (s=1), (size [s])

 * prhs[6] = [d_u], distance of MS antenna u from ref. antenna (u=1), (size [u])

 * prhs[7] = [phase], phase of the mth subpath of the nth path (size [k][n][m])

 * prhs[8] = [ts], time samples (size [k][tn])

 * prhs[9] = k_CONST, wave number

 * prhs[10] = [v], magnitude of the MS velocity vector (size [k])

 * prhs[11] = [theta_v], angle of the MS velocity vector (size [k])

 * prhs[12] = [sq_Pn], square root of Pn (size [k][n*l])

 * prhs[13] = look_up_points, 0 if look-up table not used, -1 if default, otherwise the number of points

 * prhs[14] = u, number of MS antennas

 * prhs[15] = s, number of BS antennas

 * prhs[16] = n, number of multipaths

 * prhs[17] = l, number of midpaths

 * prhs[18] = m, number of subpaths

 * prhs[19] = k, number of links

 * prhs[20] = tn, number of time samples

 * prhs[21] = GainsAreScalar, nonzero if gains are scalar

 * prhs[22] = [lm], indexing vector for subpaths (size [m])

 * prhs[23] = [ln], number of subpaths per midpath (size [l])

 * Output arguments are 

 * plhs[0] = [h], output array of the channel coefficients (size [u][s][n][tn][k])

 * plhs[1] = [output_SubPathPhase] pointer to output phases (size [k][n][m])

 *

 * FOR POLARIZED MODE:

 *

 * prhs[0] = mode, either 1 (GENERAL), 2 (POLARIZED) or 3 (LOS) 

 * prhs[1] = [X_BS_v] BS antenna V-pol component response (size[k][s][n][m])

 * prhs[2] = [X_BS_h] BS antenna H-pol component response (size[k][s][n][m])

 * prhs[3] = [X_MS_v] MS antenna V-pol component response (size[k][u][n][m])

 * prhs[4] = [X_MS_h] MS antenna H-pol component response (size[k][u][n][m])

 * prhs[5] = [aod], angles of departure (size[k][n][m])

 * prhs[6] = [aoa], angles of arrival (size[k][n][m])

 * prhs[7] = [d_s], distances of BS antenna s from ref. antenna (s=1), (size [s])

 * prhs[8] = [d_u], distance of MS antenna u from ref. antenna (u=1), (size [u])

 * prhs[9] = [phase_v_v], Phase offset of the mth subpath of the nth path between vertical components of BS and MS (size = [k][n][m])

 * prhs[10] = [phase_v_h], Phase offset of the mth subpath of the nth path between vertical components of BS and horizontal components of MS (size = [k][n][m])

 * prhs[11] = [phase_h_v], Phase offset of the mth subpath of the nth path between horizontal components of BS and vertical components of MS (size = [k][n][m])

 * prhs[12] = [phase_h_h], Phase offset of the mth subpath of the nth path between horizontal components of BS and MS (size = [k][n][m])

 * prhs[13] = [r_n1] power ratio of (v-h)/(v-v) (size [k][n])

 * prhs[14] = [r_n2] power ratio of (h-v)/(v-v) (size [k][n])

 * prhs[15] = [ts], time sample vector (size [k][tn])

 * prhs[16] = k_CONST, wave number

 * prhs[17] = [v], magnitude of the MS velocity vector (size [k])

 * prhs[18] = [theta_v], angle of the MS velocity vector (size [k])

 * prhs[19] = [sq_Pn], square root of Pn (size [k][n*l])

 * prhs[20] = look_up_points, 0 if look-up table not used, -1 if default, otherwise the number of points

 * prhs[21] = u, number of MS antennas

 * prhs[22] = s, number of BS antennas

 * prhs[23] = n, number of multipaths

 * prhs[24] = l, number of midpaths

 * prhs[25] = m, number of subpaths

 * prhs[26] = k, number of links

 * prhs[27] = tn, number of time samples

 * prhs[28] = GainsAreScalar, nonzero if gains are scalar

 * prhs[29] = [lm], indexing vector for subpaths (size [m])

 * prhs[30] = [ln], number of subpaths per midpath (size [l])

 * Output arguments are 

 * plhs[0] = [h], output array of the channel coefficients (size [u][s][n][tn])

 * plhs[1] = [output_SubPathPhase] pointer to output phases (size [n][m])

 *

 * FOR LOS MODE:

 *

 * prhs[0] = mode, either 1 (GENERAL), 2 (POLARIZED) or 3 (LOS) 

 * prhs[1] = [G_BS], complex BS_antenna gains (size [k][s])

 * prhs[2] = [G_MS], complex MS_antenna gains (size [k][u])

 * prhs[3] = theta_BS, angles of departure (size [k])

 * prhs[4] = theta_MS, angles of arrival (size [k])

 * prhs[5] = [d_s], distances of BS antenna s from ref. antenna (s=1), (size [s])

 * prhs[6] = [d_u], distance of MS antenna u from ref. antenna (u=1), (size [u])

 * prhs[7] = phase_los, phase of LOS component (size [k])

 * prhs[8] = [ts], time sample vector (size [k][tn])

 * prhs[9] = k_CONST, wave number

 * prhs[10] = [v], magnitude of the MS velocity vector (size [k])

 * prhs[11] = [theta_v], angle of the MS velocity vector (size[k])

 * prhs[12] = [h_in], input matrices (size [u][s][n][tn][k])

 * prhs[13] = [input_phase_los], (size [k])

 * prhs[14] = [k_FACTOR], (size [k])

 * prhs[15] = u, number of MS antennas

 * prhs[16] = s, number of BS antennas

 * prhs[17] = n, number of multipaths

 * prhs[18] = k, number of links

 * prhs[19] = tn, number of time samples

 * Output arguments are 

 * plhs[0] = [h], output array of the coefficients with LOS terms (size [u][s][n][tn][k])

 * plhs[1] = [output_phase_los] pointer to output phases (size [k])



 *

 */



void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[]) {



   /*pointers for input parameters*/



   /* variables for general mode coefficients */

   double *re_G_BS, *im_G_BS, *re_G_MS, *im_G_MS, *phase;



   /* variables for polarized mode coefficients */

   double *re_X_BS_v, *im_X_BS_v, *re_X_BS_h, *im_X_BS_h, *re_X_MS_v, *im_X_MS_v, *re_X_MS_h, *im_X_MS_h,

      *phase_v_v, *phase_v_h, *phase_h_v, *phase_h_h, *r_n1, *r_n2;



   /* variables for los mode */

   double *k_FACTOR, *theta_BS, *theta_MS, *phase_los;



   /* variables for more or less common parameters */

   double k_CONST;

   double *d_s, *d_u, *aod, *aoa, *sq_Pn, *v, *theta_v;

   double *ts;

   double *lm, *ln;  /* subpath ordering */

   int u, s, n, l, m, tn, k; /* parameters to be extracted from inputs' dimensions */

   int h_dims[5]; /* table for output array dimensions */

   int out_Phase_dims[3];

   long int look_up_points;

   int error, mode, GainsAreScalar;



   /*pointers to output*/

   double *re_h, *im_h, *output_SubPathPhase, *output_los_phase;



   /* check which mode is used */

   mode = (int)mxGetScalar(prhs[0]);





   /*Check if general coefficients are wanted */

   if (mode == GENERAL) {



      if(nrhs != 24)

         mexErrMsgTxt("scm_mex_core error: exactly 24 input arguments required for GENERAL option");



      /* ripping values from input */

      re_G_BS = (double*)mxGetPr(prhs[1]);

      im_G_BS = (double*)mxGetPi(prhs[1]);

      re_G_MS = (double*)mxGetPr(prhs[2]);

      im_G_MS = (double*)mxGetPi(prhs[2]);	

      aod = (double*)mxGetPr(prhs[3]);

      aoa = (double*)mxGetPr(prhs[4]);

      d_s = (double*)mxGetPr(prhs[5]);

      d_u = (double*)mxGetPr(prhs[6]);

      phase = (double*)mxGetPr(prhs[7]);

      ts = (double*)mxGetPr(prhs[8]);

      k_CONST = (double)mxGetScalar(prhs[9]);

      v = (double*)mxGetPr(prhs[10]);

      theta_v = (double*)mxGetPr(prhs[11]);

      sq_Pn = (double*)mxGetPr(prhs[12]);

      look_up_points = (long int)mxGetScalar(prhs[13]);

      u = (int)mxGetScalar(prhs[14]);

      s = (int)mxGetScalar(prhs[15]);

      n = (int)mxGetScalar(prhs[16]);

      l = (int)mxGetScalar(prhs[17]);

      m = (int)mxGetScalar(prhs[18]);

      k = (int)mxGetScalar(prhs[19]);

      tn = (int)mxGetScalar(prhs[20]);

      GainsAreScalar = (int)mxGetScalar(prhs[21]);

      lm = (double*)mxGetPr(prhs[22]);

      ln = (double*)mxGetPr(prhs[23]);



      /* now we know the output dimensions */

      h_dims[0] = u;

      h_dims[1] = s;

      h_dims[2] = n*l;

      h_dims[3] = tn;

      h_dims[4] = k;

      out_Phase_dims[0] = k;

      out_Phase_dims[1] = n;

      out_Phase_dims[2] = m;



      /* setting up output */

      plhs[0] = mxCreateNumericArray(5, h_dims, mxDOUBLE_CLASS, mxCOMPLEX);

      plhs[1] = mxCreateNumericArray(3, out_Phase_dims, mxDOUBLE_CLASS, mxREAL);

      re_h = (double*)mxGetPr(plhs[0]); /* Create a C pointer to real values of the output array */

      im_h = (double*)mxGetPi(plhs[0]); /* Create a C pointer to imaginary values of output */

      output_SubPathPhase = (double*)mxGetPr(plhs[1]);



      /* calculating the values */

      error = scm_sum(look_up_points, u, s, n, l, m, k, re_G_BS, im_G_BS, re_G_MS, im_G_MS,

         k_CONST, d_s, d_u, aod, aoa, phase, v, theta_v, ts, tn, sq_Pn, ln, lm, GainsAreScalar,

         re_h, im_h, output_SubPathPhase);



   } /* end general coefficients mode */



   /* check for polarized mode */

   else if (mode == POLARIZED)	{



      if(nrhs != 31)

         mexErrMsgTxt("scmmex error: exactly 31 input arguments required");



      /* ripping values from input */

      re_X_BS_v = (double*)mxGetPr(prhs[1]);

      im_X_BS_v = (double*)mxGetPi(prhs[1]);

      re_X_BS_h = (double*)mxGetPr(prhs[2]);

      im_X_BS_h = (double*)mxGetPi(prhs[2]);	

      re_X_MS_v = (double*)mxGetPr(prhs[3]);

      im_X_MS_v = (double*)mxGetPi(prhs[3]);

      re_X_MS_h = (double*)mxGetPr(prhs[4]);

      im_X_MS_h = (double*)mxGetPi(prhs[4]);

      aod = (double*)mxGetPr(prhs[5]);

      aoa = (double*)mxGetPr(prhs[6]);

      d_s = (double*)mxGetPr(prhs[7]);

      d_u = (double*)mxGetPr(prhs[8]);

      phase_v_v = (double*)mxGetPr(prhs[9]);

      phase_v_h = (double*)mxGetPr(prhs[10]);

      phase_h_v = (double*)mxGetPr(prhs[11]);

      phase_h_h = (double*)mxGetPr(prhs[12]);

      r_n1 = (double*)mxGetPr(prhs[13]);

      r_n2 = (double*)mxGetPr(prhs[14]);

      ts = (double*)mxGetPr(prhs[15]);

      k_CONST = (double)mxGetScalar(prhs[16]);

      v = (double*)mxGetPr(prhs[17]);

      theta_v = (double*)mxGetPr(prhs[18]);

      sq_Pn = (double*)mxGetPr(prhs[19]);

      look_up_points = (long int)mxGetScalar(prhs[20]);

      u = (int)mxGetScalar(prhs[21]);

      s = (int)mxGetScalar(prhs[22]);

      n = (int)mxGetScalar(prhs[23]);

      l = (int)mxGetScalar(prhs[24]);

      m = (int)mxGetScalar(prhs[25]);

      k = (int)mxGetScalar(prhs[26]);

      tn = (int)mxGetScalar(prhs[27]);

      GainsAreScalar = (int)mxGetScalar(prhs[28]);

      lm = (double*)mxGetPr(prhs[29]);

      ln = (double*)mxGetPr(prhs[30]);



      /* now we know the output dimensions */

      h_dims[0] = u;

      h_dims[1] = s;

      h_dims[2] = n*l;

      h_dims[3] = tn;

      h_dims[4] = k;

      out_Phase_dims[0] = k;

      out_Phase_dims[1] = n;

      out_Phase_dims[2] = m;



      /* setting up output */

      plhs[0] = mxCreateNumericArray(5, h_dims, mxDOUBLE_CLASS, mxCOMPLEX);

      plhs[1] = mxCreateNumericArray(3, out_Phase_dims, mxDOUBLE_CLASS, mxREAL);

      re_h = (double*)mxGetPr(plhs[0]); /* Create a C pointer to real values of the output array */

      im_h = (double*)mxGetPi(plhs[0]); /* Create a C pointer to imaginary values of output */

      output_SubPathPhase = (double*)mxGetPr(plhs[1]);



      /* calculating the values */

      error = scm_pol_sum(look_up_points, u, s, n, l, m, k, re_X_BS_v, im_X_BS_v, re_X_BS_h, im_X_BS_h, 

         re_X_MS_v, im_X_MS_v, re_X_MS_h, im_X_MS_h, k_CONST, d_s, d_u, aod, aoa,

         phase_v_v, phase_v_h, phase_h_v, phase_h_h,	r_n1, r_n2,

         v, theta_v, ts, tn, sq_Pn, ln, lm, GainsAreScalar, re_h, im_h, output_SubPathPhase);

   } /* end polarized mode */





   /* check los mode */

   else if (mode == LOS) {



      if(nrhs != 20)

         mexErrMsgTxt("scmlosmex error: exactly 20 input arguments required");



      /* ripping values from input */

      re_G_BS = (double*)mxGetPr(prhs[1]);

      im_G_BS = (double*)mxGetPi(prhs[1]);

      re_G_MS = (double*)mxGetPr(prhs[2]);

      im_G_MS = (double*)mxGetPi(prhs[2]);

      theta_BS = (double*)mxGetPr(prhs[3]);

      theta_MS = (double*)mxGetPr(prhs[4]);

      d_s = (double*)mxGetPr(prhs[5]);

      d_u = (double*)mxGetPr(prhs[6]);

      phase_los = (double*)mxGetPr(prhs[7]);

      ts = (double*)mxGetPr(prhs[8]);

      k_CONST = (double)mxGetScalar(prhs[9]);

      v = (double*)mxGetPr(prhs[10]);

      theta_v = (double*)mxGetPr(prhs[11]);

      re_h = (double*)mxGetPr(prhs[12]);

      im_h = (double*)mxGetPi(prhs[12]);

      output_los_phase = (double*)mxGetPr(prhs[13]);

      k_FACTOR = (double*)mxGetPr(prhs[14]);

      u = (int)mxGetScalar(prhs[15]);

      s = (int)mxGetScalar(prhs[16]);

      n = (int)mxGetScalar(prhs[17]);

      k = (int)mxGetScalar(prhs[18]);

      tn = (int)mxGetScalar(prhs[19]);



      /* setting up output */

      plhs[0] = (mxArray*)prhs[12];

      plhs[1] = (mxArray*)(prhs[13]);



      /* calculating the values */

      error = scm_los(u, s, n, k, re_G_BS, im_G_BS,

         re_G_MS, im_G_MS, k_CONST, d_s, d_u, theta_BS, theta_MS,

         phase_los, v, theta_v, ts, tn, k_FACTOR, re_h, im_h, output_los_phase);



      } /* end los mode */



}











WIM2_ITU_ChannelModel_ver4/scm_mex_core.m


%SCM_MEX_CORE SCM_CORE written in ANSI-C 

%   This function calculates the channel coefficients for

%   a geometric MIMO channel model. To compile the C-function 

%   in MATLAB, type 

%

%       mex scm_mex_core.c

% 

%   at MATLAB prompt. The function has three modes, set with 

%   the first input argument. The amount of arguments depends 

%   on the used mode as follows:

%

%   Mode 1: General channel coefficients (GENERAL)

%

%   [H, OUTPUT_SUBPATHPHASE] = SCM_MEX_CORE(mode, G_BS, G_MS, AOD, AOA,

%   D_S, D_U, PHASE, TS, k_CONST, V, THETA_V, SQ_PN, look_up_points, u, s,

%   n, l, m, k, tn, GainsAreScalar, LM, LN)

%

%   Mode 2: Polarized arrays (POLARIZED)

%

%   [H, OUTPUT_SUBPATHPHASE] = SCM_MEX_CORE(mode, X_BS_v, X_BS_h, X_MS_v,

%   X_MS_h, AOD, AOA, D_S, D_U, PHASE_V_V, PHASE_V_H, PHASE_H_V, PHASE_H_H,

%   R_N1, R_N2, TS, k_CONST, V, THETA_V, SQ_PN, look_up_points, 

%   u, s, n, l, m, k, tn, GainsAreScalar, LM, LN)

%

%   Mode 3: Line of sight (LOS)

%

%   [H, OUTPUT_PHASE_LOS] = SCM_MEX_CORE(mode, G_BS, G_MS, THETA_BS,

%   THETA_MS, D_S, D_U, PHASE_LOS, TS, k_CONST, V, THETA_V, H_IN,

%   INPUT_PHASE_LOS, K_FACTOR, u, s, n, k, tn)

%

%       Argument            Description

%

%       [Output arguments]

%

%       H               =   Array of SCM channel coefficients (size = [u s n tn k])

%       OUTPUT_SUBPATHPHASE =   output phases (size = [k n m])

%       OUTPUT_PHASE_LOS    =   output phases of LOS components (size = [k])

%

%       [Input arguments]

%

%       mode            =   integer value, set the function mode. Options:

%                           1 (GENERAL), 2 (POLARIZED) or 3 (LOS)

%

%       [Mode 1] (GENERAL)

%       G_BS            =   complex BS_antenna gains (size = [k s n m])

%       G_MS            =   complex MS_antenna gains (size = [k u n m])

%       AOD             =   angles of departure (size = [k n m])

%       AOA             =   angles of arrival (size = [k n m])

%       D_S             =   distances of BS antenna s from ref. antenna (s=1), (size = [s])

%       D_U             =   distance of MS antenna u from ref. antenna (u=1), (size = [u])

%       PHASE           =   phase of the mth subpath of the nth path (size = [k n m])

%       TS              =   time samples (size = [k tn])

%       k_CONST         =   wave number

%       V               =   magnitude of the MS velocity vector (size = [k])

%       THETA_V         =   angle of the MS velocity vector (size = [k])

%       SQ_PN           =   square root of Pn (size = [k n*l])

%       look_up_points  =   Switch for look-up table for sin/cos functions. Options:

%                           0 (not used), -1 (default number of points),

%                           otherwise the wanted number of points.

%       u               =   number of MS antennas

%       s               =   number of BS antennas

%       n               =   number of multipaths

%       l               =   number of midpaths

%       m               =   number of subpaths

%       k               =   number of individual links

%       tn              =   number of time samples

%       GainsAreScalar  =   nonzero if gains are scalar

%       LM              =   indexing vector for subpaths (size = [m])

%       LN              =   vector for number of subpaths per midpath (size = [l])

%

%       [Mode 2] (POLARIZED)

%       X_BS_v          =   BS antenna V-pol component response (size = [k s n m])

%       X_BS_h          =   BS antenna H-pol component response (size = [k s n m])

%       X_MS_v          =   MS antenna V-pol component response (size = [k u n m])

%       X_MS_h          =   MS antenna H-pol component response (size = [k u n m])

%       AOD             =   angles of departure (size = [k n m])

%       AOA             =   angles of arrival (size = [k n m])

%       D_S             =   distances of BS antenna s from ref. antenna (s=1), (size = [s])

%       D_U             =   distance of MS antenna u from ref. antenna (u=1), (size = [u])

%       PHASE_V_V       =   Phase offset of the mth subpath of the nth path between vertical

%                           components of BS and MS (size = [k n m])

%       PHASE_V_H       =   same for vertical components of BS and horizontal components of MS

%       PHASE_H_V       =   same for horizontal components of BS and vertical components of MS

%       PHASE_H_H       =   same for horizontal components of BS and MS

%       R_N1            =   power ratio of (v-h)/(v-v) (size = [k n])

%       R_N2            =   power ratio of (h-v)/(v-v) (size = [k n])

%       TS              =   time sample vectors (size = [k tn])

%       k_CONST         =   wave number

%       V               =   magnitude of the MS velocity vector (size = [k])

%       THETA_V         =   angle of the MS velocity vector (size = [k])

%       SQ_PN           =   square root of Pn (size = [k n*l])

%       look_up_points  =   Switch for look-up table for sin/cos functions. Options:

%                           0 (not used), -1 (default number of points),

%                           otherwise the wanted number of points.

%       u               =   number of MS antennas

%       s               =   number of BS antennas

%       n               =   number of multipaths

%       l               =   number of midpaths

%       m               =   number of subpaths

%       k               =   number of individual links

%       tn              =   number of time samples

%       GainsAreScalar  =   nonzero if gains are scalar

%       LM              =   indexing vector for subpaths (size = [m])

%       LN              =   vector for number of subpaths per midpath (size = [l])

%

%       [Mode 3] (LOS)

%       G_BS_THETA      =   complex BS_antenna gains (size = [k s])

%       G_MS_THETA      =   complex MS_antenna gains (size = [k u])

%       THETA_BS        =   angles of departure (size = [k])

%       THETA_MS        =   angles of arrival (size = [k])

%       D_S             =   distances of BS antenna s from ref. antenna (s=1), (size = [s])

%       D_U             =   distance of MS antenna u from ref. antenna (u=1), (size = [u])

%       PHASE_LOS       =   phase of LOS component (size = [k])

%       TS              =   time sample vector (size = [k tn])

%       k_CONST         =   wave number

%       V               =   magnitude of the MS velocity vector (size = [k])

%       THETA_V         =   angle of the MS velocity vector (size = [k])

%       H_IN            =   input channel coefficient matrices (size = [u s n tn k])

%       INPUT_PHASE_LOS =   input LOS phases (size = [k])

%       K_FACTOR        =   Ricean K factor (size = [k])

%       u               =   number of MS antennas

%       s               =   number of BS antennas

%       n               =   number of multipaths

%       k               =   number of links

%       tn              =   number of time samples

%

%

%   Ref: [1] Spatial channel model, 3GPP TR 25.996 V6.1.0 (2003-09)

%



%   Author: Jussi Salmi (HUT)

%   $Revision: 0.2 $  $Date: September 29, 2004$ 















WIM2_ITU_ChannelModel_ver4/struct_generation.m


function bulk_parameters = struct_generation(bulk_parameters, ...

                                            bulk_parameters_iter, ...

                                            wimpar,linkpar,iterpar, ...

                                            state) 



% STRUCT_GENERATION Generates, updates and refines struct bulk_parameters

%

% Author: Mikko Alatossava (CWC/UOULU)

%

% Date: 14.2.2007

%

% Revision history after 12.2.2007:

%

% XPRv and XPRh unified     10.10.2007 HentLas





%%

MsBsDistance          = linkpar.MsBsDistance;



if strcmp(upper(state),'INITIALIZATION') 

    clear bulk_parameters

    %reserve space in bulkp_params-struct for all scenario dependent-struct

    %max number of clusters is 20. At the end the N-columns that have NaNs are discarded

    MaxClusterValue = 20;

    bulk_parameters.delays = NaN*ones(length(MsBsDistance),MaxClusterValue);

    bulk_parameters.path_powers = NaN*ones(length(MsBsDistance),MaxClusterValue);

    bulk_parameters.aods = NaN*ones(length(MsBsDistance),MaxClusterValue,wimpar.NumSubPathsPerPath);

    bulk_parameters.aoas = NaN*ones(length(MsBsDistance),MaxClusterValue,wimpar.NumSubPathsPerPath);

    bulk_parameters.path_losses = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.MsBsDistance = NaN*ones(1,length(MsBsDistance));

    bulk_parameters.shadow_fading = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.o2v_shadow_fading = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.sigmas = NaN*ones(length(MsBsDistance),5);

    bulk_parameters.propag_condition = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.LoSO2ILinks = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.LoSO2VLinks = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.NLoSO2ILinks = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.NLoSO2VLinks = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.Kcluster = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.Phi_LOS = NaN*ones(length(MsBsDistance),1);

    bulk_parameters.scatterer_freq = NaN*ones(length(MsBsDistance),MaxClusterValue,wimpar.NumSubPathsPerPath);

    if strcmp(wimpar.PolarisedArrays,'no')

        bulk_parameters.subpath_phases = NaN*ones(length(MsBsDistance),MaxClusterValue,wimpar.NumSubPathsPerPath);

    elseif strcmp(wimpar.PolarisedArrays,'yes')

          bulk_parameters.subpath_phases = NaN*ones(length(MsBsDistance),4,MaxClusterValue,wimpar.NumSubPathsPerPath);

          bulk_parameters.xpr = NaN*ones(length(MsBsDistance),MaxClusterValue,wimpar.NumSubPathsPerPath);

    end



elseif strcmp(upper(state),'ITERATION')

    bulk_parameters.delays(bulk_parameters_iter.user_indeces, 1:size(bulk_parameters_iter.delays,2))...

        = bulk_parameters_iter.delays;

    bulk_parameters.path_powers(bulk_parameters_iter.user_indeces, 1:size(bulk_parameters_iter.path_powers,2))... 

        = bulk_parameters_iter.path_powers;

    bulk_parameters.aods(bulk_parameters_iter.user_indeces,1:size(bulk_parameters_iter.aods,2),:) = bulk_parameters_iter.aods;

    bulk_parameters.aoas(bulk_parameters_iter.user_indeces,1:size(bulk_parameters_iter.aoas,2),:) = bulk_parameters_iter.aoas;

    bulk_parameters.path_losses(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.path_losses;

    bulk_parameters.MsBsDistance(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.MsBsDistance;

    bulk_parameters.shadow_fading(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.shadow_fading;

    bulk_parameters.o2v_shadow_fading(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.o2v_shadow_fading;

    bulk_parameters.propag_condition(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.propag_condition;

    bulk_parameters.LoS02ILinks(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.LoS02ILinks(bulk_parameters_iter.user_indeces);

    bulk_parameters.LoS02VLinks(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.LoS02VLinks(bulk_parameters_iter.user_indeces);

    bulk_parameters.NLoS02ILinks(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.NLoS02ILinks(bulk_parameters_iter.user_indeces);

    bulk_parameters.NLoS02VLinks(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.NLoS02VLinks(bulk_parameters_iter.user_indeces);

    bulk_parameters.Kcluster(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.Kcluster;

    bulk_parameters.Phi_LOS(bulk_parameters_iter.user_indeces) = bulk_parameters_iter.Phi_LOS;

    if strcmp(iterpar.Scenario(1:2),'B5')

        bulk_parameters.scatterer_freq(bulk_parameters_iter.user_indeces,1:size(bulk_parameters_iter.scatterer_freq,2),:) = bulk_parameters_iter.scatterer_freq; 

    else

        bulk_parameters.sigmas(bulk_parameters_iter.user_indeces,:) = bulk_parameters_iter.sigmas;

    end

    if strcmp(wimpar.PolarisedArrays,'no')

        bulk_parameters.subpath_phases(bulk_parameters_iter.user_indeces,1:size(bulk_parameters_iter.subpath_phases,2),:) = bulk_parameters_iter.subpath_phases;

    elseif strcmp(wimpar.PolarisedArrays,'yes')

        bulk_parameters.subpath_phases(bulk_parameters_iter.user_indeces,:,1:size(bulk_parameters_iter.subpath_phases,3),:) = bulk_parameters_iter.subpath_phases;

        bulk_parameters.xpr(bulk_parameters_iter.user_indeces,1:size(bulk_parameters_iter.xpr,2),:) = bulk_parameters_iter.xpr;

    end

    

elseif strcmp(upper(state),'REFINEMENT')

    while all(isnan(bulk_parameters.delays(:,end))) & all(isnan(bulk_parameters.aods(:,end,:)))

        bulk_parameters.delays = bulk_parameters.delays(:,1:end-1);

        bulk_parameters.path_powers = bulk_parameters.path_powers(:,1:end-1);

        bulk_parameters.aods = bulk_parameters.aods(:,1:end-1,:);

        bulk_parameters.aoas = bulk_parameters.aoas(:,1:end-1,:);

        if isfield(bulk_parameters,'scatterer_freq')

            bulk_parameters.scatterer_freq = bulk_parameters.scatterer_freq(:,1:end-1,:); 

        end

        if strcmp(wimpar.PolarisedArrays,'no')

            bulk_parameters.subpath_phases = bulk_parameters.subpath_phases(:,1:end-1,:);

        elseif strcmp(wimpar.PolarisedArrays,'yes')

            bulk_parameters.subpath_phases = bulk_parameters.subpath_phases(:,:,1:end-1,:);

            bulk_parameters.xpr = bulk_parameters.xpr(:,1:end-1,:);

        end

    end

end









WIM2_ITU_ChannelModel_ver4/SubClusterDivision.m


function [taus_sorted, P, iterpar] = SubClusterDivision(taus_sorted,P,iterpar)

% SUBCLUSTERDIVISION Divides the two strongest clusters into three subclusters

%

% Author: Mikko Alatossava (CWC/UOULU)

%

% Date: 15.2.2007



LoSConnectionLinks = iterpar.LoSConnectionLinks;

NLoSConnectionLinks = iterpar.NLoSConnectionLinks;

N = iterpar.N;

N_max = max(N(1),N(2));

NumLinks = length(iterpar.UserIndeces);

Scenario = iterpar.Scenario;



%In B1 and B3 NLoS the clusters are not divided in D111

if NLoSConnectionLinks & ~(strcmp(Scenario,'B3')) & ~(strcmp(Scenario,'B1'))            

    tmp_powers = ((P(NLoSConnectionLinks,1:N(2)))./repmat(max((P(NLoSConnectionLinks,1:N(2))),[],2),1,size((P(NLoSConnectionLinks,1:N(2))),2))).';

    

    %find the indeces for the strongest cluster per user

    [MaxValue1, MaxValueIndeces1] = max(tmp_powers,[],1);

    

    %map column indeces MaxValueindeces to real indeces 

    RealIndeces1 = MaxValueIndeces1+[0:size(tmp_powers,1):numel(tmp_powers)-1];

    tmp_powers_zeromax = tmp_powers;

    tmp_powers_zeromax(RealIndeces1) = 0; %set to zero so that it is not the largest anymore

     

    %find the indeces for the second strongest cluster per user

    [MaxValue2, MaxValueIndeces2] = max(tmp_powers_zeromax,[],1);

    RealIndeces2 = MaxValueIndeces2+[0:size(tmp_powers,1):numel(tmp_powers)-1];



    %if the strongest cluster is before the second strongest, the indeces in the second strongest one needs to

    %be shifted by 2. Same applies for vice versa

    Is2BeforeIndex1 = MaxValueIndeces2<MaxValueIndeces1;

    Is1BeforeIndex2 = MaxValueIndeces1<MaxValueIndeces2;



    %when 4 new rows are created before the index in the matrix, the indeces shift.

    %This affects in every row additively, so [0:4:4*size(tmp_powers,2)] is applied

    NewRealIndeces1 = RealIndeces1+Is2BeforeIndex1*2+[0:4:4*size(tmp_powers,2)-1];

    NewRealIndeces2 = RealIndeces2+Is1BeforeIndex2*2+[0:4:4*size(tmp_powers,2)-1];



    %first subcluster has 10 rays, 2nd has 6 and 3rd one 4 rays

    cluster1_subpowers = [10*MaxValue1/20 ;6*MaxValue1/20 ;4*MaxValue1/20]; 

    cluster2_subpowers = [10*MaxValue2/20 ;6*MaxValue2/20 ;4*MaxValue2/20]; 



    %create a matrix to hold all cluster and subclusters and feed the power values into right indeces

    tmp_powers_large = NaN*ones(size(tmp_powers,1)+4,size(tmp_powers,2));

    tmp_powers_large(NewRealIndeces1) = cluster1_subpowers(1,:);

    tmp_powers_large(NewRealIndeces1+1) = cluster1_subpowers(2,:);

    tmp_powers_large(NewRealIndeces1+2) = cluster1_subpowers(3,:);

    tmp_powers_large(NewRealIndeces2) = cluster2_subpowers(1,:);

    tmp_powers_large(NewRealIndeces2+1) = cluster2_subpowers(2,:);

    tmp_powers_large(NewRealIndeces2+2) = cluster2_subpowers(3,:);



    %find out the indeces of the rest of the clusters in tmp_power, basically a setdiff operation

    a=ones(size(tmp_powers));

    b=zeros(size(tmp_powers));

    b(RealIndeces1)=1; b(RealIndeces2)=1;

    OtherIndeces = find(a-b); 



    OtherPowers = tmp_powers(OtherIndeces); %extract those power values to be fed into tmp_powers_large

    OtherPowerLocations = find(isnan(tmp_powers_large)); %indeces in large matrix still needing a value



    tmp_powers_large(OtherPowerLocations) = OtherPowers; %feed the values

    P_nlos = (tmp_powers_large./repmat(sum(tmp_powers_large),size(tmp_powers_large,1),1)).';



    %same for delays

    tmp_taus = (taus_sorted(NLoSConnectionLinks,1:N(2))).';



    %find values corresponding to the max power values

    DelayValue1 = tmp_taus(RealIndeces1);

    DelayValue2 = tmp_taus(RealIndeces2);           



    %insert delay values

    tmp_taus_large = NaN*ones(size(tmp_taus,1)+4,size(tmp_taus,2));

    tmp_taus_large(NewRealIndeces1) = DelayValue1;

    tmp_taus_large(NewRealIndeces1+1) = DelayValue1+5e-9;

    tmp_taus_large(NewRealIndeces1+2) = DelayValue1+10e-9;

    tmp_taus_large(NewRealIndeces2) = DelayValue2;

    tmp_taus_large(NewRealIndeces2+1) = DelayValue2+5e-9;

    tmp_taus_large(NewRealIndeces2+2) = DelayValue2+10e-9;



    OtherDelays = tmp_taus(OtherIndeces);

    tmp_taus_large(OtherPowerLocations) = OtherDelays; %feed the values



    taus_nlos = tmp_taus_large.';



    N(2) = size(taus_nlos,2);

end  



if LoSConnectionLinks

    tmp_powers = ((P(LoSConnectionLinks,1:N(1)))./repmat(max((P(LoSConnectionLinks,1:N(1))),[],2),1,size((P(LoSConnectionLinks,1:N(1))),2))).';

    

    %find the indeces for the strongest cluster per user

    [MaxValue1, MaxValueIndeces1] = max(tmp_powers,[],1);

    

    %map column indeces MaxValueindeces to real indeces 

    RealIndeces1 = MaxValueIndeces1+[0:size(tmp_powers,1):numel(tmp_powers)-1];

    tmp_powers_zeromax = tmp_powers;

    tmp_powers_zeromax(RealIndeces1) = 0; %set to zero so that it is not the largest anymore

     

    %find the indeces for the second strongest cluster per user

    [MaxValue2, MaxValueIndeces2] = max(tmp_powers_zeromax,[],1);

    RealIndeces2 = MaxValueIndeces2+[0:size(tmp_powers,1):numel(tmp_powers)-1];



    %if the strongest cluster is before the second strongest, the indeces in the second strongest one needs to

    %be shifted by 2. Same applies for vice versa

    Is2BeforeIndex1 = MaxValueIndeces2<MaxValueIndeces1;

    Is1BeforeIndex2 = MaxValueIndeces1<MaxValueIndeces2;



    %when 4 new rows are created before the index in the matrix, the indeces shift.

    %This affects in every row additively, so [0:4:4*size(tmp_powers,2)] is applied

    NewRealIndeces1 = RealIndeces1+Is2BeforeIndex1*2+[0:4:4*size(tmp_powers,2)-1];

    NewRealIndeces2 = RealIndeces2+Is1BeforeIndex2*2+[0:4:4*size(tmp_powers,2)-1];



    %first subcluster has 10 rays, 2nd has 6 and 3rd one 4 rays

    cluster1_subpowers = [10*MaxValue1/20 ;6*MaxValue1/20 ;4*MaxValue1/20]; 

    cluster2_subpowers = [10*MaxValue2/20 ;6*MaxValue2/20 ;4*MaxValue2/20]; 



    %create a matrix to hold all cluster and subclusters and feed the power values into right indeces

    tmp_powers_large = NaN*ones(size(tmp_powers,1)+4,size(tmp_powers,2));

    tmp_powers_large(NewRealIndeces1) = cluster1_subpowers(1,:);

    tmp_powers_large(NewRealIndeces1+1) = cluster1_subpowers(2,:);

    tmp_powers_large(NewRealIndeces1+2) = cluster1_subpowers(3,:);

    tmp_powers_large(NewRealIndeces2) = cluster2_subpowers(1,:);

    tmp_powers_large(NewRealIndeces2+1) = cluster2_subpowers(2,:);

    tmp_powers_large(NewRealIndeces2+2) = cluster2_subpowers(3,:);



    %find out the indeces of the rest of the clusters in tmp_power, basically a setdiff operation

    a=ones(size(tmp_powers));

    b=zeros(size(tmp_powers));

    b(RealIndeces1)=1; b(RealIndeces2)=1;

    OtherIndeces = find(a-b); 



    OtherPowers = tmp_powers(OtherIndeces); %extract those power values to be fed into tmp_powers_large

    OtherPowerLocations = find(isnan(tmp_powers_large)); %indeces in large matrix still needing a value



    tmp_powers_large(OtherPowerLocations) = OtherPowers; %feed the values

    P_los = (tmp_powers_large./repmat(sum(tmp_powers_large),size(tmp_powers_large,1),1)).';

    

    

    %same for delays

    tmp_taus = (taus_sorted(LoSConnectionLinks,1:N(1))).';



    %find values corresponding to the max power values

    DelayValue1 = tmp_taus(RealIndeces1);

    DelayValue2 = tmp_taus(RealIndeces2);           



    %insert delay values

    tmp_taus_large = NaN*ones(size(tmp_taus,1)+4,size(tmp_taus,2));

    tmp_taus_large(NewRealIndeces1) = DelayValue1;

    tmp_taus_large(NewRealIndeces1+1) = DelayValue1+5e-9;

    tmp_taus_large(NewRealIndeces1+2) = DelayValue1+10e-9;

    tmp_taus_large(NewRealIndeces2) = DelayValue2;

    tmp_taus_large(NewRealIndeces2+1) = DelayValue2+5e-9;

    tmp_taus_large(NewRealIndeces2+2) = DelayValue2+10e-9;



    OtherDelays = tmp_taus(OtherIndeces);

    tmp_taus_large(OtherPowerLocations) = OtherDelays; %feed the values



    taus_los = tmp_taus_large.';



    N(1) = size(taus_los,2);

end



N_max = max(N(1),N(2));

taus_sorted_final = NaN*ones(NumLinks,N_max);

P_final = NaN*ones(NumLinks,N_max);



if LoSConnectionLinks

    taus_sorted_final(LoSConnectionLinks,1:N(1)) = taus_los;

    P_final(LoSConnectionLinks,1:N(1)) = P_los;

else

    taus_sorted_final(LoSConnectionLinks,1:N(1)) = taus_sorted(LoSConnectionLinks,1:N(1));

    P_final(LoSConnectionLinks,1:N(1)) = P(LoSConnectionLinks,1:N(1));

end



if NLoSConnectionLinks & ~(strcmp(Scenario,'B3')) & ~(strcmp(Scenario,'B1'));

    taus_sorted_final(NLoSConnectionLinks,1:N(2)) = taus_nlos;

    P_final(NLoSConnectionLinks,1:N(2)) = P_nlos;

else

    taus_sorted_final(NLoSConnectionLinks,1:N(2)) = taus_sorted(NLoSConnectionLinks,1:N(2));

    P_final(NLoSConnectionLinks,1:N(2)) = P(NLoSConnectionLinks,1:N(2));

end



taus_sorted = taus_sorted_final;

P = P_final;

iterpar.N = N;









WIM2_ITU_ChannelModel_ver4/Test1.m


clear, clc

%NofMs = 10; NofBs = 6; SectPerBs = 3; K = 10;

d = 100;

%linkpar = layout2link(layoutparset(NofMs,NofBs,SectPerBs,K,d)); % K = # of active links

linkpar = linkparset(24);

antpar = antparset;

wimpar = wimparset;

wimpar.CenterFrequency = 5.25e9;

wimpar.NumTimeSamples = 1e4;

wimpar.NumBsElements = 2;

wimpar.NumMsElements = 2;

wimpar.PolarisedArrays = 'no';

wimpar.PathLossModelUsed = 'yes';

wimpar.ShadowingModelUsed = 'yes';

%linkpar.ScenarioVector = 3*ones(1,10);

linkpar.ScenarioVector = [1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6];

%linkpar.PropagConditionVector = zeros(1,24);

linkpar.PropagConditionVector = [1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 0 0 0 0 1 0 0 1];

[h,delay,full] = wim(wimpar,linkpar,antpar);

full











WIM2_ITU_ChannelModel_ver4/TestSummary.m


% #1 To test RMa Scenario,LOS propagation condtion when MsBsDistance is longer than breakpoint
% distance.
wimpar=wimparset;linkpar=linkparset;linkpar.MsBsDistance=8000;linkpar.ScenarioVector=6;
linkpar.PropagConditionVector=1;antpar=antparset;wim(wimpar,linkpar,antpar)










WIM2_ITU_ChannelModel_ver4/wim.m


function [H, delays, full_output]=wim(wimpar,linkpar,antpar,initvalues)

%WIM  WINNER Phase II Channel Model (WIM2)

%   H=WIM(WIMPAR,LINKPAR,ANTPAR) is a 5D-array of channel coefficients. For

%   explanation of the input parameter structs, see WIMPARSET, LINKPARSET,

%   and ANTPARSET. SIZE(H)=[U S N T K], where U is the number of MS (RX)

%   elements, S is the number of BS (TX) elements, N is the number of paths,

%   T is the number of time samples, and K is the number of links. If K=1,

%   the final dimension will be dropped, i.e. H is a 4D-array.

%

%   [H DELAYS]=WIM(...) outputs also a [KxN] matrix of path delays (in seconds).

%

%   [H DELAYS BULKPAR]=WIM(...) outputs also the struct BULKPAR, whose fields

%   are as follows:

%

%   With NLOS propagation condition:

%

%   delays          - path delays in seconds [KxN]

%   path_powers     - relative path powers [KxN]

%   aods            - angles of departure in degrees over (-180,180) [KxNxM]

%   aoas            - angles of arrival in degrees over (-180,180) [KxNxM]

%   subpath_phases  - final phases for subpaths in degrees over (0,360) [KxNxM]

%   path_losses     - path losses in linear scale [Kx1]

%   MsBsDistance    - distances between MSs and BSs in meters [1xK]

%   shadow_fading   - shadow fading losses in linear scale [Kx1]

%   delta_t         - time sampling intervals for all links [Kx1]

%

%   In addition, when LOS condition (in addition to the above):

%

%   K_factors       - K factors for all links [Kx1]

%   Phi_LOS         - final phases for LOS paths in degrees over (-180,180) [Kx1]

%

%   [H ...]=WIM(...,INIT_VALUES) uses initial values given in the struct

%   INIT_VALUES, instead of random parameter generation. INIT_VALUES has

%   the same format as BULKPAR, except that SUBPATH_PHASES are now the

%   initial phases. Also, time sampling intervals (delta_t) are not used

%   (they are recalculated for every call of WIM).

%

%   Example:

%       % to generate matrices for 10 links with default parameters

%       H=wim(wimparset,linkparset(10),antparset);

%       % to generate matrices for A1 LOS scenario

%       wimpar=wimparset;wimpar.Scenario='A1';wimpar.PropagCondition: 'los'

%       H=wim(wimpar,linkparset(10),antparset);

%

%   Ref. [1]: D1.1.2 V1.0, "WINNER II channel models"

%        [2]: 3GPP TR 25.996 v6.1.0 (2003-09)

%

%   See also WIMPARSET, LINKPARSET, ANTPARSET



%   Authors: Jari Salo (HUT), Giovanni Del Galdo (TUI), Pekka Ky�sti (EBIT),

%   Daniela Laselva (EBIT), Marko Milojevic (TUI), Christian Schneider (TUI)

%   Lassi Hentil� (EBIT), Mikko Alatossava (CWC/UOULU),Zhiwen Wu(BUPT),Yu

%   Zhang(BUPT),Jianhua Zhang(BUPT),Guangyi Liu(CMCC)





% Note: all units are in degrees, meters, Hertz (1/s) and meters/second (m/s)









ni=nargin;

if (ni<3 || ni>4)

    error('WIM requires three or four input arguments !')

end





% Read fixed scenario dependent parameters from a table

fixpar = ScenParTables(linkpar.StreetWidth(1)); %same street width for all links



% WIM parameters, common to all links

SampleDensity=wimpar.SampleDensity;

NumTimeSamples=wimpar.NumTimeSamples;

%N=wimpar.NumPaths;

M=wimpar.NumSubPathsPerPath;

CenterFrequency=wimpar.CenterFrequency;

DelaySamplingInterval=wimpar.DelaySamplingInterval;

PathLossModel=wimpar.PathLossModel;

RandomSeed=wimpar.RandomSeed;

UniformTimeSampling=wimpar.UniformTimeSampling;

PathLossModelUsed=wimpar.PathLossModelUsed;

ShadowingModelUsed=wimpar.ShadowingModelUsed;

AnsiC_core=wimpar.AnsiC_core;

LookUpTable=wimpar.LookUpTable;

FixedPdpUsed = wimpar.FixedPdpUsed;

FixedAnglesUsed = wimpar.FixedAnglesUsed;

PolarisedArrays = wimpar.PolarisedArrays;



% antenna parameters

BsGainPattern=antpar.BsGainPattern;

BsGainAnglesAz=antpar.BsGainAnglesAz;

BsElementPosition=antpar.BsElementPosition;

MsGainPattern=antpar.MsGainPattern;

MsGainAnglesAz=antpar.MsGainAnglesAz;

MsElementPosition=antpar.MsElementPosition;

InterpFunction=antpar.InterpFunction;

InterpMethod=antpar.InterpMethod;



% link parameters

ScenarioVector = linkpar.ScenarioVector;

PropagConditionVector = linkpar.PropagConditionVector;

MsBsDistance=linkpar.MsBsDistance;

ThetaBs=linkpar.ThetaBs;

ThetaMs=linkpar.ThetaMs;

MsVelocity=linkpar.MsVelocity;

MsDirection=linkpar.MsDirection;

StreetWidth=linkpar.StreetWidth;

NumFloors = linkpar.NumFloors;

Dist1=linkpar.Dist1;





% extract the number of links

NumLinks=length(MsBsDistance);



% Check that the struct linkpar has the same number of parameters in

% each of its fields. This is also the number of links/users.

if (    NumLinks ~= length(ThetaBs)     ||...

        NumLinks ~= length(ThetaMs)     ||...

        NumLinks ~= length(MsVelocity)  ||...

        NumLinks ~= length(MsDirection)  ||...

        NumLinks ~= length(StreetWidth)  ||...

        NumLinks ~= length(NumFloors)  ||...

        NumLinks ~= length(Dist1))

    

    error('All fields in input struct LINKPAR must be of same size!')

end



% If layout parameters are defined, check for consistency

if (    isfield(linkpar,'BsXY')    ||...

        isfield(linkpar,'NofSect') ||...

        isfield(linkpar,'BsOmega') ||...

        isfield(linkpar,'MsXY')    ||...

        isfield(linkpar,'MsOmega') ||...

        isfield(linkpar,'Pairing')   )

    if (    size(linkpar.BsXY,2)~=size(linkpar.NofSect,2)    ||...

            size(linkpar.Pairing,1)~=sum(linkpar.NofSect)    ||...

            size(linkpar.Pairing,2)~=size(linkpar.MsXY,2)    ||...

            size(linkpar.BsOmega,1)~=max(linkpar.NofSect)    ||...

            size(linkpar.MsOmega,2)~=size(linkpar.MsXY,2)    ||...

            sum(linkpar.Pairing(:))~=NumLinks     )

        error('Layout parameters are inconsistent! See help LAYOUTPARSET.')

    end

end



% Set random seeds if given

if (isempty(RandomSeed)==0)

    rand('state',RandomSeed);

    randn('state',RandomSeed);

else

    rand('state',sum(100*clock));

    randn('state',sum(101*clock));

end







% determine the size of the MIMO system

% S - number of BS array antenna elements

if (numel(BsGainPattern)==1)

    S=wimpar.NumBsElements;

else

    S=size(BsGainPattern,1);

end



% U - number of MS array antenna elements

if (numel(MsGainPattern)==1)

    U=wimpar.NumMsElements;

else

    U=size(MsGainPattern,1);

end



% check that element displacement vector is of right size

if (length(BsElementPosition)~=S && length(BsElementPosition)~=1)

    error('antpar.BsElementPosition has wrong size!')

end



if (length(MsElementPosition)~=U && length(MsElementPosition)~=1)

    error('antpar.MsElementPosition has wrong size!')

end





% check that LUT size is a power-of-two

% this check is now also in wim_mex_core.c

if (strcmpi(AnsiC_core,'yes')==1)

    if (LookUpTable>0)

        if (2^nextpow2(LookUpTable)-LookUpTable~=0)

            wimpar.LookUpTable=2^nextpow2(LookUpTable);

            warning('MATLAB:LUTSizeChanged',['wimpar.LookUpTable is not a power-of-2: size changed to ' num2str(wimpar.LookUpTable) '.'])

        end

    end

end





if (strcmpi(wimpar.IntraClusterDsUsed,'yes')==1) & (strcmpi(AnsiC_core,'yes')==1)

    warning('AnsiC_core does not support the IntraClusterDs yet! wimpar.AnsiC_core set to "no"')

    wimpar.AnsiC_core = 'no';

end





% GENERATION OF RANDOM "BULK" PARAMETERS FOR ALL LINKS

switch (ni)



    case (3)    % do the basic thing



        % generate bulk parameters for all links

        %bulkpar=generate_bulk_par_polarised(wimpar,linkpar,antpar,fixpar);

        bulkpar=generate_bulk_par(wimpar,linkpar,antpar,fixpar);



        % get number of clusters from bulk parameters (located here because

        %  for the case of FixedPdpUsed

        N = size(bulkpar.delays,2);



        % for interpolation

        aods=bulkpar.aods;

        aoas=bulkpar.aoas;





    case (4)    % do not generate random link parameters, use initial values



        % take bulk parameters from input struct

        bulkpar=initvalues;

        

        % This IF is added to remove intra cluster delay spred effects from

        % initial values (spread takes effect in wim_core.m)

        if strcmp(wimpar.IntraClusterDsUsed,'yes')

            for k=1:NumLinks

                % Remove intra cluster delay values from initial values

                tmp = initvalues.delays(k,:);

                tmp([initvalues.IndexOfDividedClust(k,1)+[1:2],initvalues.IndexOfDividedClust(k,2)+2+[1:2]])= [];

                tmpDelay(k,:) = tmp;

                % Remove intra cluster power values from initial values

                tmp = initvalues.path_powers(k,:);

                tmp([initvalues.IndexOfDividedClust(k,1)+[1:2],initvalues.IndexOfDividedClust(k,2)+2+[1:2]])= [];

                tmpPower(k,:) = tmp;

            end

            bulkpar.delays = tmpDelay;

            bulkpar.path_powers = tmpPower;

        end



        % get number of clusters from bulk parameters (located here because

        %  for the case of FixedPdpUsed

        N = size(bulkpar.delays,2);



        % for interpolation

        aods=bulkpar.aods;

        aoas=bulkpar.aoas;





end







% ANTENNA FIELD PATTERN INTERPOLATION

% Interpolation is computationally intensive, so avoid it if possible.

% Since elevation will not be supported, dismiss the elevation dimension (for now)

% NOTE: aods/aoas should be given in degrees.

BsGainIsScalar=0;

MsGainIsScalar=0;

if numel(BsGainPattern)>1

    if strcmpi(PolarisedArrays,'yes')

        BsGainPatternInterpolated = zeros([2 S size(aods)]); % [polarizations(2) elements links N(6) M(20)]

        BsGainPatternInterpolated(1,:,:,:,:)=feval(InterpFunction,squeeze(BsGainPattern(:,1,1,:)),BsGainAnglesAz,aods, InterpMethod); % V

        BsGainPatternInterpolated(2,:,:,:,:)=feval(InterpFunction,squeeze(BsGainPattern(:,2,1,:)),BsGainAnglesAz,aods, InterpMethod); % H

        BsGainPatternInterpolated=permute(BsGainPatternInterpolated,[3 2 1 4 5]); % [link rx_element polarization path subpath]

    else

        BsGainPatternInterpolated=feval(InterpFunction,squeeze(BsGainPattern(:,1,1,:)),BsGainAnglesAz,aods, InterpMethod); % V only

        BsGainPatternInterpolated=permute(BsGainPatternInterpolated,[2 1 3 4]);

    end

else    % if BsGainPattern is scalar

    if strcmpi(PolarisedArrays,'yes')

        BsGainPatternInterpolated=repmat(BsGainPattern, [NumLinks S 2 N M]);    % [link rx_element polarization path subpath]

        BsGainIsScalar=1;

    else

        BsGainPatternInterpolated=repmat(BsGainPattern, [NumLinks S N M]);

        BsGainIsScalar=1;

    end

end



if numel(MsGainPattern)>1

    if strcmpi(PolarisedArrays,'yes')

        MsGainPatternInterpolated=zeros([2 U size(aoas)]);% [polarizations(2) elements links N(6) M(20)]

        MsGainPatternInterpolated(1,:,:,:,:)=feval(InterpFunction,squeeze(MsGainPattern(:,1,1,:)),MsGainAnglesAz,aoas, InterpMethod); % V

        MsGainPatternInterpolated(2,:,:,:,:)=feval(InterpFunction,squeeze(MsGainPattern(:,2,1,:)),MsGainAnglesAz,aoas, InterpMethod); % H

        MsGainPatternInterpolated=permute(MsGainPatternInterpolated,[3 2 1 4 5]); % [link Ms_element polarization path subpath]

    else

        MsGainPatternInterpolated=feval(InterpFunction,squeeze(MsGainPattern(:,1,1,:)),MsGainAnglesAz,aoas, InterpMethod); % V only

        MsGainPatternInterpolated=permute(MsGainPatternInterpolated,[2 1 3 4]);

    end

else    % if MsGainPattern is scalar

    if strcmpi(PolarisedArrays,'yes')

        MsGainPatternInterpolated=repmat(MsGainPattern, [NumLinks U 2 N M]);    % [link rx_element polarization path subpath]

        MsGainIsScalar=1;

    else

        MsGainPatternInterpolated=repmat(MsGainPattern, [NumLinks U N M]);

        MsGainIsScalar=1;

    end

end



% Note: The gain patterns at this point have size(MsGainPatternInterpolated) = [link rx_element path subpath]

%  OR size(MsGainPatternInterpolated) = [link rx_element polarization path subpath] (the same for BsGainPatternInterpolated)





%% Do antenna field pattern interpolation for the LOS path

%  Note! this is done even for NLOS (but result is not used)

% Polarised arrays case added 19.12.2005, PekKy



% BS antenna

if numel(BsGainPattern)>1

    BsGain_Theta_BS= feval(InterpFunction,squeeze(BsGainPattern(:,1,1,:)),BsGainAnglesAz,ThetaBs(:), InterpMethod); % V only

    BsGain_Theta_BS= BsGain_Theta_BS.'; % size()= [NumLinks S]

    %         if strcmpi(PolarisedArrays,'yes')

    %             tmp = feval(InterpFunction,squeeze(BsGainPattern(:,2,1,:)),BsGainAnglesAz,ThetaBs(:), InterpMethod); % H pol

    %             BsGain_Theta_BS(:,:,2) = tmp.'; % size()= [NumLinks S 2]

    %         end

else

    BsGain_Theta_BS=repmat(BsGainPattern,[NumLinks S]);

    %         if strcmpi(PolarisedArrays,'yes')

    %             BsGain_Theta_BS(:,:,2) = BsGain_Theta_BS;   % H pol

    %         end

end



% MS antenna

if numel(MsGainPattern)>1

    MsGain_Theta_MS= feval(InterpFunction,squeeze(MsGainPattern(:,1,1,:)),MsGainAnglesAz,ThetaMs(:), InterpMethod); % V only

    MsGain_Theta_MS= MsGain_Theta_MS.'; % size()= [NumLinks U]

    %         if strcmpi(PolarisedArrays,'yes')

    %             tmp = feval(InterpFunction,squeeze(MsGainPattern(:,2,1,:)),MsGainAnglesAz,ThetaMs(:), InterpMethod); % H pol

    %             MsGain_Theta_MS(:,:,2) = tmp.'; % size()= [NumLinks U 2]

    %         end

else

    MsGain_Theta_MS= repmat(MsGainPattern,[NumLinks U]);

    %         if strcmpi(PolarisedArrays,'yes')

    %             MsGain_Theta_MS(:,:,2) = MsGain_Theta_MS;   % H pol

    %         end

end





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%   Channel Matrix Generation    %%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



%%%% Separate processing for LOS and NLOS scenarios %%%%

%

if sum(bulkpar.propag_condition)>0      % LOS links



    PCind = find(bulkpar.propag_condition);   % Propagation condition index, LOS



    % CHANNEL MATRIX GENERATION

    [Htmp delta_t FinalPhases FinalPhases_LOS] = wim_core( wimpar,...

        linkpar,...

        antpar,...

        bulkpar,...

        BsGainPatternInterpolated,...

        BsGain_Theta_BS,...             % gain of LOS path

        MsGainPatternInterpolated,...

        MsGain_Theta_MS,...             % gain of LOS path

        0,...                           % offset time (not used typically)

        BsGainIsScalar,...

        MsGainIsScalar,...

        PCind);



    H(:,:,:,:,PCind) = Htmp;



    % final phases

    bulkpar.subpath_phases(PCind,:,:,:)=FinalPhases;

    % time sampling grid

    bulkpar.delta_t(PCind)=delta_t;

end



if (length(bulkpar.propag_condition)-sum(bulkpar.propag_condition))>0   % NLOS links



    PCind = find(bulkpar.propag_condition==0);   % Propagation condition index, NLOS



    % CHANNEL MATRIX GENERATION

    [Htmp delta_t FinalPhases] = wim_core( wimpar,...

        linkpar,...

        antpar,...

        bulkpar,...

        BsGainPatternInterpolated,...

        BsGain_Theta_BS,...             % gain of LOS path

        MsGainPatternInterpolated,...

        MsGain_Theta_MS,...             % gain of LOS path

        0,...                           % offset time (not used typically)

        BsGainIsScalar,...

        MsGainIsScalar,...

        PCind);



    H(:,:,:,:,PCind) = Htmp;



    % final phases

    bulkpar.subpath_phases(PCind,:,:,:)=FinalPhases;

    % time sampling grid

    bulkpar.delta_t(PCind)=delta_t;

end

%%%%%%%%%%%%%%%%%%%%%%%%%%





% If path loss and shadowing are to be multiplied into the output

if ( strcmpi(PathLossModelUsed,'yes') || strcmp(ShadowingModelUsed,'yes') )



    O2VLinks = [or(~isnan(bulkpar.LoS02VLinks), ~isnan(bulkpar.NLoS02VLinks))]';

    O2Vshadowing = bulkpar.o2v_shadow_fading.*O2VLinks;



    if (size(H,5)==1) % only one link

        if strcmpi(PathLossModelUsed,'yes')

            H=sqrt(bulkpar.path_losses).*H;   % path loss in linear scale

        end



        if strcmpi(ShadowingModelUsed,'yes')

            H=H*sqrt(bulkpar.shadow_fading)*sqrt(O2Vshadowing);   % shadow fading in linear scale

        end

    else    % if more than one link



        siz_H=size(H);

        Hmat=reshape(H,prod(siz_H(1:end-1)),siz_H(end));  % a matrix with NumLinks cols

        if strcmpi(PathLossModelUsed,'yes')

            pl_mat=diag(sparse(sqrt(bulkpar.path_losses)));

            Hmat=Hmat*pl_mat;           % multiply path loss into each link

        end





        if strcmp(ShadowingModelUsed,'yes')

            sf_mat = diag(sparse(sqrt(bulkpar.shadow_fading)));    % shadow fading is in linear scale

            sf_mat2 = diag(sparse(sqrt(O2Vshadowing)));    % shadow fading is in linear scale

            Hmat=Hmat*sf_mat*sf_mat2;         % multiply shadow fading into each link

        end



        H=reshape(Hmat,siz_H);      % put back to original size



    end

end





% GENERATE OUTPUT

no=nargout;



if strcmpi(wimpar.IntraClusterDsUsed,'yes')

    bulks = bulkpar;

    bulkpar.delays = repmat(NaN,size(bulks.delays,1),size(bulks.delays,2)+4);

    bulkpar.path_powers = repmat(NaN,size(bulks.delays,1),size(bulks.delays,2)+4);

    for link = 1:NumLinks

        B5ind = find((linkpar.ScenarioVector>=7 & linkpar.ScenarioVector<=9));

        if link==B5ind

            bulkpar.delays(link,1:length(bulks.delays(link,:))) = bulks.delays(link,:);

            bulkpar.path_powers(link,1:length(bulks.delays(link,:))) = bulks.path_powers(link,:);

        else

            P = bulks.path_powers(link,:); P(isnan(P)) = -Inf;

            SortedPower = fliplr(sort(P,2)); P(isinf(P)) = NaN;

            %SubClustInd = P > SortedPower(3); % Index of the cluster to be divided

            % Find index to the clusters to be divided

            [tmp tmpind] = sort(P); SubClustInd = tmpind(end-1:end);

            SubClustInd = zeros(1,size(P,2)); SubClustInd(tmpind(end-1:end)) = 1;

            SubClustDelays = [0  5e-009  10e-009]';

            taus = repmat(bulks.delays(link,:),length(SubClustDelays),1) + repmat(SubClustDelays,1,length(P));

            taus(2:3,~SubClustInd) = NaN;

            taus = reshape(taus,1,length(SubClustDelays)*size(P,2));

            taus(isnan(taus)) = [];

            powers = repmat(bulks.path_powers(link,:),length(SubClustDelays),1);

            SubClustP = [10/20 6/20 4/20]';

            powers(:,find(SubClustInd==1)) = powers(:,find(SubClustInd==1)).*repmat(SubClustP,1,2);

            powers(2:3,~SubClustInd) = NaN;

            powers = reshape(powers,1,length(SubClustP)*size(P,2));

            powers(isnan(powers)) = [];

            IndexOfDividedClust(link,:) = find(SubClustInd==1);





            if (no>1)

                delays(link,1:length(taus)) = taus;

                if (no>2)

                    bulkpar.delays(link,1:length(taus)) = taus;

                    bulkpar.path_powers(link,1:length(taus)) = powers;

                    bulkpar.IndexOfDividedClust = IndexOfDividedClust;

                    bulkpar.aods = aods;

                    bulkpar.aoas = aoas;

                    full_output = bulkpar;

                end

            end

            clear taus powers

        end

    end



else

    if (no>1)

        delays = bulkpar.delays;

        if (no>2)

            if (sum(bulkpar.propag_condition)>0)     % At least one LOS links included

                bulkpar.Phi_LOS=FinalPhases_LOS;

                full_output=bulkpar;

            else    % Only NLOS links included

                full_output=bulkpar;

            end

        end

    end

end























%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that maps inputs from (-inf,inf) to (-180,180)

function y=prin_value(x)

y=mod(x,360);

y=y-360*floor(y/180);
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1. Introduction and scope 
The channel modeling work package WP1 of IST-WINNER project provided a Matlab implementation of 
the WINNER Phase II Model (referred as WIM this onward). The main purpose of the WIM channel 
models is to generate a radio channel realisations for a link and system level simulations. The 
implementation is based on the earlier implementations of WINNER II interim model [6], WINNER I 
(interim) model  [3], 3GPP/3GPP2 Spatial Channel Model (SCM)  [4] and SCM(E) Extension models. For 
details concerning the WIM model, please refer to  [1]. This document describes the SW implementation 
structure of WIM, its input/output interface and its functionality. Channel model scenarios and parameters 
are modified to correspond to IMT.EVAL  [7] channel model. 
 
The channel model takes the user defined parameters, the MIMO radio link parameters and antenna 
parameters described in  [1] as an input. Channel matrices can be generated for multiple BS-MS links with 
one function call. The output is a multi-dimensional array which contains the channel impulse responses for 
the given radio links. In addition, the randomly drawn channel parameters for each link will be given as an 
output.  
 
The channel convolution and other related operations are beyond the scope of the implemented channel 
model.    
 




2. Installation 
The WIM package installs as a MATLAB mini-toolbox. Unzip the files in their own directory, e.g. 
‘winner‘. Add the directory to MATLAB path. Type ‘help winner’ at MATLAB command to get started. 
 
The package includes the following modules:  
 
% IMT.EVAL channel model 
%   based on Winner Phase II channel model 
% Version 0.2, September 22, 2008 
% 
% Channel model functions 
%   wim               - WINNER Phase II channel mod el (D1.1.2)  
%   wimparset         - Model parameter configurati on for WIM 
%   linkparset        - Link parameter configuratio n for WIM 
%   layoutparset      - Layout parameter configurat ion for WIM (optional) 
%   antparset         - Antenna parameter configura tion for WIM 
%   pathloss          - Pathloss models for 2GHz an d 5GHz  
% 
% WINNER -specific functions 
%   scenpartables     - Set WIM parameters for WINN ER scenarios 
%    
% Miscellaneous functions 
%   cas               - Circular angle spread (3GPP  TR 25.996) 
%   ds                - RMS delay spread  
%   dipole            - Field pattern of half wavel ength dipole 
%   NTlayout          - Visualisation of network la yout 
% 
% Utility functions 
%   interp_gain       - Antenna field pattern inter polation 
%   interp_gain_c     - Antenna field pattern inter polation (requires GSL) 
%   wim_core          - Channel coefficient computa tion for a geometric channel model 
%   scm_mex_core      - WIM_CORE written in ANSI-C  
%   generate_bulk_par - Generation of WIM bulk para meters 
%   layout2link       - Computes and converts layou t to link parameters 
%   ScenarioMapping   - Maps scenario names (A1 etc .) to number indices 
%   struct_generation - Assistant function 
%   offset_matrix_generation - Assistant function 
 




Note! The code is created and tested on Matlab versions 6.5 and 7.1 (R14). Some other version might cause 
problems. 
To compile the ANSI-C functions (optional) MATLAB’s mex compiler must be properly configured. 
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3. Model features 




3.1 Basic features 




WINNER MIMO radio channel model enables system level simulations and testing. This means that 
multiple links are to be simulated (evolved) simultaneously. System level simulation may include multiple 
base stations, multiple relay stations, and multiple mobile terminals as in Figure 1. Link level simulation is 
done for one link, which is shown by blue dashed ellipse. The short blue lines represent channel segments 
where large scale parameters are fixed. System level simulation consists of multiple links. Both link level 
and system level simulations can be done by modelling multiple segments, or by only one (CDL model). 
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Figure 1. System level approach, several segments (drops). 




 
A single link model is shown in Figure 2. The parameters used in the models are also shown in the figure. 
Each circle with several dots represents scattering region causing one cluster. The number of clusters varies 
from scenario to another. 
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Figure 2. Single link. 




By selecting the WIM input parameters suitably, it is possible to generate with a single function call: 
• Multiple channel realizations for a single BS-MS link,  
• One channel realization for multiple BS-MS links,  
• Or both. 
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E.g., 
% to generate matrices for 10 links with default pa rameters, default scenario InH (A2) 
H=wim(wimparset,linkparset(10),antparset); 
 
% to generate a single link of any of the supported  scenarios (Scenario 1=InH (A2), 2=UMi 
(B1), 3=SMa (C1), 4=UMa (C2), 5=UMi O-2-I (B4) 6=RM a (D1)) 
linkpar=linkparset(1); linkpar.ScenarioVector=3; % E.g. SMa 
H=wim(wimparset,linkpar,antparset); 




 
 
The number of paths is scenario dependent and varies from 8 to 24 (see  [1]). The number of rays (subpaths) 
is fixed to 20 for all scenarios. 
 




3.2 CDL model option 




IMT.EVAL   [7] contains fixed channel models called Clustered Delay Line (CDL) models with tabulated 
spatio-temporal channel parameters. They are fully deterministic despite random initial phases of the rays. 
Doppler is not explicitly defined, because it results from the angular properties. These models might be 
useful e.g. in the simulation system calibration simulations. With CDL models there is no randomness in 
the large scale parameters. NOTE! In the current version CDL models are not supported. 
 
CDL models can be selected by setting parameters: 
wimpar.FixedPdpUsed =‘yes’  and wimpar.FixedAnglesUsed =‘yes’ . 
 
 




3.3 Supported propagation scenarios 




For details about the scenarios definition see  [7]. Spatial channel model parameters characterize each 
channel scenario. The scenarios-dependent parameters are currently supported at center frequency of 2-6 
GHz and at bandwidth of 100 MHz. 
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4. Running examples 




4.1 Basic examples of channel matrix generation 
%% Matrix generation for 10 MS-BS links with defaul t settings 
H=wim(wimparset,linkparset(10),antparset); 
  
%% Matrix generation with modified parameter settin gs 
% Setting and modifying default input parameters 
wimpar=wimparset; 
linkpar=linkparset(10);  % 10 links 
antpar=antparset;      % default antennas 
wimpar.NumTimeSamples=100;      % 100 time samples per link 
wimpar.NumBsElements = 4;      % set 4 BS elements 
wimpar.NumMsElements = 4;       % set 4 MS elements  
antpar.BsElementPosition = 10;  % set 10 lambda spa cing 
antpar.MsElementPosition = 0.5; % set 0.5 lambda sp acing 
linkpar.PropagConditionVector=zeros(1,10);  % (NLOS =0/LOS=1) 
linkpar.ScenarioVector=4*ones(1,10);  % UMa scenari o 
% Generate channel realisations 
[H1,delays,out]=wim(wimpar,linkpar,antpar); 
% using final conditions as initial conditions in n ext function call 
[H2,delays,out]=wim(wimpar,linkpar,antpar,out); 
 




5. Technical description of the SW 




5.1 SW high level structure 




 
The high-level WIM implementation structure is shown in the block diagram given in Figure 3. It is 
assumed that the user mobility model, which is not specified in  [1] is external to the channel matrix 
generation routine. The path loss model is also implemented as a separate user-supplied function. The 
default path loss function, complying with  [1], is [pathloss.m] . Interpolation of antenna field patterns is 
also required since AoD/AoAs can be any values over (-180,180) degrees. This function is also 
implemented as an external function, so that model user can supply own function, if desired.  
 
The WIM computation consists of two main parts:  




• the random user parameter generation and  
• the actual channel matrix computation.  




 
Input and output arguments are defined in more detail in the next section. 
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Figure 4. High-level description of the WIM computation. The actual WIM model is in the box 
labeled ‘WIM’. 




5.2 Model input/output interface 




The full syntax for the WIM function is ([ . ] indicate optional arguments): 
 
[H, [DELAYS], [FULL_OUTPUT]] = WIM( WIMPAR, LINKPAR, ANTPAR, [INITVALUES]). 
 




• All input arguments are MATLAB structs. The first three input arguments are mandatory. A 
helper functions (wimparset.m, linkparset.m and antparset.m) will be supplied so that their default 
values can be set easily.  




• The fourth input argument is optional. When given, WIM does not generate the channel 
parameters randomly, but uses the supplied initial channel values. 




• The first output argument is a 5D-array containing the MIMO channel matrices for all links over a 
specified number of time samples.  




• The second output argument includes multipath delays for all links, given in [s]. 
• The third output argument is a MATLAB struct containing the randomly generated link 




parameters and the final phases of the complex sinusoids. This MATLAB struct can be used as 
INITVALUES in subsequent function calls to generate time continuous channel realizations with 
separate function calls.  
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5.2.1 Input parameters 
Tables 1-4 describe the fields of the input structs WIMPAR, LINKPAR, and ANTPAR and Table 5 
includes the fixed input parameters.  
 




Table 1: MATLAB struct WIMPAR  (set in wimparset.m). General channel model parameters, 
common for all links. 




 




Parameter name Definition Default 
value Unit Note 




NumBsElements          




Number of BS array antenna elements. The number of BS 
and MS elements is normally extracted from ANTPAR. 
The values of NumBsElements and NumMsElements are 
used only if a single scalar is given as the antenna field 
pattern in ANTPAR (see ANTPARSET). 




2 - 




Ignored if 
antenna patterns 
are defined in 
input struct 
ANTPAR, and 
number of BS 
elements is 
extracted from 
the antenna 
definition. 




NumMsElements          




Number of MS array antenna elements. The number of BS 
and MS elements is normally extracted from ANTPAR. 
The values of NumBsElements and NumMsElements are 
used only if a single scalar is given as the antenna field 
pattern in ANTPAR (see ANTPARSET). 




2 - 




Ignored if 
antenna patterns 
are defined in 
input struct 
ANTPAR, and 
number of MS 
elements is 
extracted from 
the antenna 
definition. 




SampleDensity            




Oversampling factor, number of time samples per half 
wavelength. For successful Doppler analysis, one should 
select SampleDensity > 1. The time sample interval is 
calculated from CenterFrequency and MsVelocity (see 
LINKPARSET) according to 
wavelength/(MsVelocity*SampleDensity). The calculated 
time sample interval for each link is included in the 
optional output argument of WIM. 




2 - 




 




NumTimeSamples      Number of time samples 100 -  




UniformTimeSampling    




If UniformTimeSampling is 'yes' all links will be sampled 
at simultaneous time instants. In this case, the time sample 
interval is the same for all links it is calculated by replacing 
MsVelocity with MAX(MsVelocity), where the maximum 
is over all links. If ‘no’ all the links are time sampled with 
different rate depending on MsVelocity. 




‘no’ - 




‘Yes’ setting 
could be useful 
in some system-
level 
simulations 
where all 
simulated links 
need to be 
sampled at 
equal time 
intervals, 
regardless of 
MS speeds. 




IntraClusterDsUsed      




If ‘yes’ the two strongest clusters in power are divided in 
delay into three subclusters. Fixed delays are [0 5 10] ns, 
fixed powers are [10 6 4]/20. For details see [1, section 
4.2]. Number of delay tap grows by four. If ‘no’, the 
clusters are not spread in delay. 




‘yes’ - 




 




NumSubPathsPerPath      
Number of rays (i.e. complex sinusoids, plane waves) per 
cluster. It is not possible to change this value from 20 
without modifying the code. 




20 - 
This is a fixed 




value. 




FixedPdpUsed             




If ‘yes’ the power and delay parameters are not drawn 
randomly, but taken from the CDL parameter tables [1, 
table 6-1..26]. In the default mode ‘no’, the parameters are 
random variables. 




‘no’ - 
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FixedAnglesUsed        




If ‘yes’ the angle parameters are not drawn randomly, but 
taken from the CDL parameter tables [1, table 6-1..26] and 
the random pairing of AoDs and AoAs is not used. In the 
default mode ‘no’, the parameters are random variables. 




‘no’ - 




 




PolarisedArrays          




If PolarisedArrays='yes', single channel coefficient of 
impulse response turns to 2x2 coefficient matrix, with 
elements [VV VH;HV HH]. Where V stands for vertical 
polarisation and H for horizontal. 




‘no’ - 




 




CenterFrequency          
The carrier center frequency. Center frequency affects path 
loss and time sampling interval. 




5.25e9 Hz 
 




DelaySamplingInterval    
DelaySamplingInterval determines the sampling grid in 
delay domain. All path delays are rounded to the nearest 
grid point. It can also be set to zero. 




5e-9 sec 
 




PathLossModelUsed        




When PathLossModelUsed is 'no' the path losses are still 
computed for each link but they are not multiplied into the 
channel matrices. Path loss is given only as an output 
parameter. If ‘yes’, path loss is multiplied to channel 
matrices. 




‘no’ - 




 




ShadowingModelUsed     




When ShadowingModelUsed is 'no' the shadowing 
coefficients are still computed for each link but they are not 
multiplied into the channel matrices. Shadowing is given 
only as an output parameter. If ‘yes’, shadowing is 
multiplied to channel matrices. 




‘no’ - 




 




PathLossModel            




The path loss model function name. Path loss model is 
implemented in a separate function, whose name is defined 
in PathLossModel. For syntax, see PATHLOSS. The 
default function is PATHLOSS, which complies with [1]. 




‘pathloss’ - 




 




AnsiC_core 
Use optimized computation. The C-function must be 
compiled before usage. For more information of the ANSI-
C core function, see SCM_MEX_CORE. 




‘no’ - 
Not supported 
with many 
options. 




LookUpTable              




The LookUpTable parameter defines the number of points 
used in the cosine look-up table; a power-of-2 should be 
given. The look-up table is used only in the ANSI-C 
optimized core function. Value 0 indicates that look-up 
table is not used. Value -1 uses the default number of 
points, which is 2^14=16384. Since a large part of 
computation in WIM involves repeated evaluation of a 
complex exponential, the look-up table can speed up 
computation on certain platforms and C compilers. 




0 - 




Applied only 
with AnsiC 




core. 




RandomSeed 




Sets random seed for Matlab random number generators. 
The default value is empty. Even fixing the random seed 
may not result in fully repeatable simulations due to 
differences in e.g. MATLAB versions.  




[ ] - 




see Matlab help 




UseManualPropCondition   




If ‘yes’ the propagation condition (los/nlos) setting is 
defined manually in LINKPARSET. If ‘no’, the 
propagation condition is drawn from LOS probabilities in 
[1, table 4-7]. 




‘yes’ - 




 




range 
Path loss parameter for scenario B5b. In B5b the path-loss 
ranges 1, 2 and 3 are defined, see [1 table 6-20]. 




1 - 
 




end_time 
Observation end time for B5 scenarios time points are 
taken as: 
wimpar.TimeVector=linspace(0,wimpar.end_time,T); 




1 sec 
 




 




Table 2: MATLAB struct LINKPAR  (set in linkparset.m).  Link-dependent length k vectors, 
randomly generated; they are not based on any specific network geometry or user behaviour model. 




Parameter name Definition Default 
value Unit Note 




ScenarioVector 
A 1xK vector mapping scenarios to links. Scenarios are 
[1=A1, 2=A2, 3=B1, 4=B2, 5=B3, 6=B4, 7=B5a, 8=B5c, 
9=B5f, 10=C1, 11=C2, 12=C3, 13=C4, 14=D1, 15=D2a]. 




ones(1,K) 
{1,2,




…,15} 




 




PropagConditionVector 




A 1xK vector mapping propagation condition 
(NLOS/LOS) to links. If WIMPAR 
UseManualPropCondition  = ‘yes’, link propagation 
conditions (NLOS=0/LOS=1) are defined by this vector.  




zeros(1,K) {0,1} 




Possible 
values 




0=NLOS and 
1=LOS. 
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MsBsDistance 




A 1xK vector defining distance between BS and MS for K 
links. It is recommended to define MsBsDistance 
manually. If  random MsBsDistance is used, set feasible 
values for RMIN and RMAX (see LINKPARSET). This is 
not done automatically for different scenarios. 




see 
LINKPARSET m 




 




BsHeight 
A 1xK vector defining BS height from ground level. If 
NaN the height values are scenario dependent default 
heights from [1, table 4-4]. 




NaN m 
 




MsHeight 
A 1xK vector defining MS height from ground level. If 
NaN the height values are scenario dependent default 
heights from [1, table 4-4]. 




NaN m 
 




ThetaBs θBS  (see Figure 5) 
360* 




(rand(1,K)-
0.5) 




deg 
U(-180,180) 




ThetaMs θMS  (see Figure 5) 
360* 




rand(1,K)-
0.5) 




deg 
U(-180,180) 




MsVelocity MS velocity  m/s  




MsDirection θv  (see Figure 5) 
360* 




(rand(1,K)-
0.5) 




deg 
U(-180,180) 




StreetWidth 
A parameter for B1 and B2 path loss model. Average 
width of the streets, same for all users. 20 m 




 




NumFloors 




A parameter for A2/B4 path loss model. NumFloor is the 
floor number in which the indoor MS/BS is located. E.g. in 
A2 scenario NumFloors is 5 if BS is located on the 5th 
floor. On ground floor (=street level) NumFloor = 0. 




1 - 




 




NumPenetratedFloors 
A parameter for A1 NLOS path loss model [1, table 4-4]. 
Number of penetrated floors between BS and MS.  0 - 




 




LayoutType 
Layout type for UMi (B1/B4) path loss, ‘0’=hexagonal, 
‘1’=Manhattan. This parameter is necessary only for UMi 
path loss function. 




0 - 
 




OtoI_OutdoorPL 




Outdoor-to-Indoor propagation condition for UMi (see. 
note 3 in A in A1-2,  [7]). ‘1’ denotes LOS, ‘0’ denotes 
NLOS. This parameter is necessary only for UMi O-to-I 
path loss function. 




1 - 




Possible 
values 




0=NLOS and 
1=LOS. 




Dist1 




Distance definition for B1 and B2 path loss model. Dist1 is 
a distance from BS to the “last line-of-sight point”, 
typically street crossing, see [1, fig 4-3]. Default value is 
NaN, which denotes random distance determination in 
PATHLOSS function. 




NaN - 




 




BuildingHeight 




Average building height, same for all users. Necessary 
only for path loss models. If not set by the user (i.e. NaN) 
the path loss function will use default scenario dependent 
heights. 




NaN m 




 




 




Table 3. MATLAB struct LAYOUTPAR  (set in layoutparset.m): network layout parameters.  
 




Parameter name Definition Default 
value Unit Note 




BsXY 




A 2xNofBs matrix of BS (x,y) co-ordinates. Co-
ordinates of Bs and Ms should be given in meters 
with resolution of 1 meter. It is recommended to define 
BsXY manually. If  random BsXY is used, set a feasible 
value for RMAX (see LAYOUTPARSET). As a default 
x,y co-ordinates are drawn uniformly to RMAX x RMAX 
square (RMAX=500). 




round(rand(
2,NofBs)*r




max) 
m 




 




NofSect 
A parameter defining the number of sectors in each 
of the BSs. Can be either a scalar or a vector. If 
scalar all the BS has the same number of sectors. 




ones(1, 
NofBs) 




- 




 




BsOmega 




BsOmega is a matrix with dimensions 
max(NofSect)xNofBs. Each column of the matrix contains 
orientations of sectorised arrays with respect to some fixed 
North direction. If some BS have less sectors than others, 
the non-existing sector orientations are set to zero. E.g.    




see 
LAYOUTPAR




SET 
deg 
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setup with 2 BS, one with 1 sector and other with 3 
sectors. In this case orientation matrix could be e.g. 
BsOmega = [11 22; 0 33; 0 44]. See [1, Fig 5-2]. 




MsXY 




A 2xNofMs matrix of MS (x,y) co-ordinates. Co-
ordinates of Ms should be given in meters with 
resolution of 1 meter. It is recommended to define 
BsXY manually. If  random MsXY is used, set a feasible 
value for RMAX (see LAYOUTPARSET). As a default 
x,y co-ordinates are drawn uniformly to RMAX x RMAX 
square (RMAX=500). 




round(rand(
2,NofMs)*r




max) 
m 




 




MsOmega 
A 1xK vector of MS array broad side orientations. 
See [1, Fig 5-2] 




360*(rand(1
,NofMs)-




0.5) 
deg 




 




Pairing 




Pairing is a matrix with dimensions NofSect x NofMs, i.e. 
one entry for each BS sector/MS pair. Value '1' stands for 
"link will be modelled" and value '0' stands for "link will 
not be modelled". E.g. with all ones matrix, all the MS are 
connected to all sectors. With e.g. first rows ones and 
others zeros means, that all MS are connected to only 1st 
sector of 1st BS. See [1, sect 5.1.1]. 




see 
LAYOUTPAR




SET 
- 




 




ScenarioVector 
PropagConditionVector 
BsHeight 
MsHeight 
MsVelocity 
MsDirection 
StreetWidth 
NumFloors 
NumPenetratedFloors 
Dist1 




Same as in LINKPAR (see Table 2). 




 




Table 4. MATLAB struct ANTPAR  (set in antparset.m): antenna parameters. Linear uniform arrays 
with are supported.  




The antenna patterns do not have to be identical. The complex field pattern values for the randomly 
generated AoDs and AoAs are interpolated. 




Parameter name Definition Default 
value 




Unit Note 




BsGainPattern 




BS antenna field pattern values in a 4D array. The 
dimensions are  [ELNUM POL EL AZ] = 
SIZE(BsGainPattern), where 
 
ELNUM - the number of physical antenna elements in the 
array. The elements may be dual-polarized. 
POL – polarization. The first dimension is vertical 
polarization, the second is horizontal. If the polarization 
option is not used, vertical polarization is assumed (if both 
are given). 
EL – elevation. This value is ignored. Only the first 
element of this dimension is used. 
AZ – complex-valued field pattern in the azimuth 
dimension given at azimuth angles defined in 
BsGainAnglesAz. 
 
If NUMEL(BsGainPattern)=1, all elements are assumed to 
have uniform gain defined by the value of BsGainPattern 
over the full azimuth angle, and the number of BS antenna 
elements is defined by NumBsElements. This speeds up 
computation since field pattern interpolation is not 
required.  
 
   




1 - 




 




BsGainAnglesAz 
Vector containing the azimuth angles for the BS antenna 
field pattern  values. These values are assumed to be the 
same for both polarizations. This value is given in degrees 




linspace(-
180,180,90) 




deg 
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over the range (-180,180) degrees. If 
NUMEL(BsGainPattern)=1, this variable is ignored.  




BsGainAnglesEl 




Vector of elevation angles for definition of BS antenna 
gain values. This parameter is for future needs only; its 
value is ignored in this implementation (SCM does not 
support elevation). 




- - 




 




BsElementPosition  




Element spacing for BS linear array in wavelengths. This 
parameter can be either scalar or vector. If scalar, uniform 
spacing is applied. If vector, values give distances between 
adjacent elements.  




0.5 wavelength 




 




MsGainPattern 




MS antenna field pattern values in a 4D array. The 
dimensions are  [ELNUM POL EL AZ] = 
SIZE(MsGainPattern), where 
 
ELNUM – the number of physical antenna elements in the 
array. The elements may be dual-polarized. 
POL – polarization. The first dimension is vertical 
polarization, the second is horizontal. If the polarization 
option is not used, vertical polarization is assumed (if both 
are given). 
EL – elevation. This value is ignored. Only the first 
element of this dimension is used. 
AZ – complex-valued field pattern in the azimuth 
dimension given at azimuth angles defined in 
MsGainAnglesAz. 
 
If NUMEL(MsGainPattern)=1, all elements are assumed 
to have uniform gain defined by the value of 
MsGainPattern over the full azimuth angle, and the 
number of MS antenna elements is defined by 
scmpar.NumMsElements. This speeds up computation 
since field pattern interpolation is not needed.  
 




1 complex 




 




MsGainAnglesAz 




Vector containing the azimuth angles for the MS antenna 
field pattern  values. These values are assumed to be the 
same for both polarizations. This value is given in degrees 
over the range (-180,180) degrees. If 
NUMEL(BsGainPattern)=1, this variable is ignored. 




linspace(-
180,180,90) 




deg 




 




MsGainAnglesEl 




Vector of elevation angles for definition of MS antenna 
gain values. This parameter is for future needs only; its 
value is ignored in this implementation (SCM does not 
support elevation). 




- - 




 




MsElementPosition 




Element spacing for MS linear array in wavelengths. This 
parameter can be either scalar or vector. If scalar, uniform 
spacing is applied. If vector, values give distances between 
adjacent elements. 




0.5 wavelength 




 




InterpFunction 




The name of the interpolating function. One can replace 
this with his own function. For syntax, see interp_gain.m, 
which is the default function. For faster computation, see 
interp_gain_c.m 




‘interp_gain
’ 




 




 




InterpMethod 




The interpolation method used by the interpolating 
function. Available methods depend on the function. The 
default function is based on MATLAB’s interp1.m 
function and supports e.g. ‘linear’ and ‘cubic’ (default) 
methods. Note that some methods, such as ‘linear’, cannot 
extrapolate values falling outside the field pattern 
definition. 




‘cubic’  




 




 
Note that the mean power of narrowband channel matrix elements (i.e. summed over delay domain) 
depends on the antenna gains 
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Figure 5: BS and MS angular parameters in WIM. 




 
The fourth input argument, which is also a MATLAB struct, is optional. It can be used to specify the initial 
AoDs, AoAs, cisoid phases, path losses and shadowing values when WIM is called recursively, or for 
testing purposes. If this argument is given, the random parameter generation as defined in  [1] is not needed. 
Only the antenna gain values will be interpolated for the supplied AoAs and AoDs. 
The fields of the MATLAB struct are given in the following table. Note! The fourth input argument can be 
directly the output structure FULLOUTPUT defined in Table 6 or the structure defined in Table 5. 




 




Table 5. MATLAB struct INITVALUES: initial values, fourth optional input argument. 




Parameter name Definition Unit 
InitDelays A K x N matrix of path delays.  Sec 
InitSubPathPowers A K  x N x M array of powers of the subpaths. - 
InitAods A K  x N x M array Degrees 
InitAoas A K  x N x M array Degrees 




InitSubPathPhases 




A complex-valued K  x N x M array. When polarization option 
is used, this is a K  x P x N x M array, where P=4. In this case 
the second dimension includes the phases for [VV VH HV 
HH] polarized components.  




Degrees 




InitPathLosses A K x 1 vector Decibel 
InitShadowLosses A K x 1 vector Decibel 




InitIndOfSpreadClust 
A K x 2 matrix. Index to two strongest clusters. These clusters 
are spread to three delay positions if parameter 
IntraClusterDsUsed = ‘yes’ 




 




 




5.2.2 Output parameters 
 
There are three output arguments: H, DELAYS, FULLOUTPUT. The last two are optional.  
 
 




Table 6. MATLAB output parameters.  




Parameter name Definition Unit Note 




H A 5D-array with dimensions U x S x N  x T x K   
See Appendix 1 for 
terminology 




DELAYS 
A K x N vector of path delay values. Note that delays 
are, for compatibility with the INITVALUES, also 
included in FULLOUTPUT..  




sec 
 




FULLOUTPUT A MATLAB struct with the following elements: 
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delays 
A K x N matrix of path delays. This is identical to the 
second output argument. 




sec 
 




path_powers A K  x N array of path powers. linear  
aods A K  x N x M array of subpath angles of departure degrees  
aoas A K  x N x M array of subpath angles of arrival degrees  
path_losses A K x 1 vector linear scale  
MsBsDistance 1 x K vector of MS-BS distances m  
shadow_fading A K x 1 vector linear scale  




sigmas A K x 4 vector of per link large scale parameters (ASD 
ASA DS SF) 




- 
 




propag_condition A K x 1 vector indicating LOS / NLOS condition 
(0=NLOS, 1=LOS) 




- 
 




Kcluster A K x 1 vector defining narrowband K-factors of links. linear scale Only with LOS 
Phi_LOS Final phases for LOS paths, K x 1 array. deg Only with LOS 
scatterer_freq A K  x N x M array of subpath Doppler frequecies Hz Only with B5 CDL 




subpath_phases 




A complex-valued K  x N x M array giving the final 
phases of all subpaths. When polarization option is 
used, a K  x P x N x M array, where P=4. In this case 
the second dimension includes the phases for [VV VH 
HV HH] polarized components.  




degrees 




 




delta_t 
A K x 1 vector defining time sampling interval for all 
links. 




sec 
 




IndexOfDividedClust 
A K x 2 matrix. Index to two strongest clusters. These 
clusters are spread to three delay positions if parameter 
IntraClusterDsUsed = ‘yes’ 




- 
 




xpr 
A K x N x M array of cross-polarization coupling 
power ratios.  




linear scale 
Only with 
PolarisedArrays 
case. 




     




5.2.3 Scenario parameters 
 
In addition, fixed parameters are provided in the function [ScenParTables.m]. 




 




5.3 Implementation notes 




5.3.1 Output power scaling 
In the basic case of NLOS propagation condition with non-polarised, isotropic antenna patterns, the mean 
output power of each MIMO channel is unity (without shadowing and pathloss). In the cases of LOS 
condition or non-isotropic antenna patterns or with with dual polarized arrays, mean power varies. 




5.3.2 Output interpolation 
Channel sampling frequency has to be finally equal to the simulation system sampling frequency. To have 
feasible computational complexity it is not possible to generate channel realisations on the sampling 
frequency of the system to be simulated. The channel realisations have to be generated on some lower 
sampling frequency and then interpolated to the desired frequency. A practical solution is e.g. to generate 
channel samples with sample density (over-sampling factor) two, interpolate them accurately to sample 
density 64 and to apply zero order hold interpolation to the system sampling frequency. Channel impulse 
responses can be generated during the simulation or stored on a file before the simulation on low sample 
density. Interpolation can be done during the system simulation. 




5.3.3 Layout parameters (layoutparset.m) 
This implementation supports a multi-base station and multi-mobile station network layout. As an option it 
is possible to define the layout parameters also in the Cartesian coordinate system. In such a case the 
network layout includes information about: the numbers and locations of MSs and BSs in the Cartesian 
coordinates; the number of sectors in a BS (in case of a multi-cell network); the array broad side 
orientations at both MS and BS; the coupling of an active radio link from a MS to a certain sector of a BS 
(or vice-versa); and the directions of the MSs. 
 
The utility function layoutparset.m is used to generate link parameters the following way:  
 
>> linkpar = layout2link ( layoutparset ( NofMs, No fBs, SectPerBs, K ) )  
% SectPerBs = # sectors in a BS 
% K= # of active links 
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It is also possible and recommended to define the network layout manually by directly editing all or part of 
the layout parameters in the layout  structure. 
 
Within e.g. the 100x100m2 cell area MSs and BSs locations and radio active links are randomly generated. 
A pairing matrix selects which radio links will be generated (active) and which will not The pairing matrix 
is a [NofMs x (NofSect x NofBs)] matrix with values {0,1}. Value 0 stands for the link MSm to celln 
(sectorn) that is not modelled and value 1 for the link if modelled. The pairing matrix A in the example 
below is a 3x6 matrix, in the case 3 MSs, 2 BSs and 3 sectors or 3 MSs, 6 BSs and 1 sector. 
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Both the distance and line of sight (LOS) direction information of the radio links are calculated for the 
input of the model. The distance between the BSi and MSk is 
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The LOS direction from BSi to MSk with respect to BS antenna array broad side is (see Figure 6)
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The angles and orientations are depicted in the figure below. The north (up) is the zero angle reference and 
the positive direction of the angles is the clockwise direction. 
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Figure 6: BS and MS antenna array orientations.  




 
A rudimental visualization of the network layout is implemented as helper utility in order to visualize the 
layout of the generated channel; the network layout with 5 BSs and MSs, and 7 active links looks like as in 
the following figures. In the figures red arrows denote the BS sector array orientation, black arrows denote 
the MS direction of motion, and blue arrows denote the active (modelled) links. 















File: WIM2-ITU Matlab documentation.doc  23.09.08 




Document Number: IST-4-027756 Page 16 (19) 




 
Figure 7: Example of the network layout with 5 BSs (three sectors in any BS), 5 MSs and 7 active 
links 
 




 
Figure 8: Example of the network layout with 5 BSs (number of sectors varies from 1-3 in different 
BSs), 5 MSs and 7 active links 
 
The utility function NTlayout.m is used the following way:  
 
>> NTlayout ( layout2link ( layoutparset ( NoMs, No fBs, SectPerBs, K ) ) ) 
% SectPerBs = # sectors in a BS 
% K= # of active links 
 
By setting the MSs and BSs coordinates and selecting the Pairing matrix properly it is possible to simulate 
many system-level cases (see next paragraph). 
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5.3.4 System level simulations 
Guidelines for system levels simulations are in  [1]. There are described cases like handover, multi-cell, 
multi-user, multi-hop and relaying simulations. 
 
NOTE! If a parameter MsBsDistance is not defined by the user, it will be drawn randomly in function 
[linkparset.m].  Random distances are drawn such that the MSs would be approximately uniformly 
distributed in a circular disk over [RMIN,RMAX] meters. Default values for RMIN and RMAX are 5 and 
100 m respectively. NOTE! IF random MsBsDistance is used, it is important to set feasible values for 
RMIN and RMAX. This is not done automatically for different scenarios. 
 




5.4 ANSI-C speed-up implementation  




The computationally heaviest parts of the WIM channel model have been implemented with ANSI-C, 
namely the computation of the channel coefficients (‘core’) and interpolation of antenna field patterns. The 
first one refers to the time-consuming generation of (N paths x M sub-paths) complex exponentials for each 
user, each one randomly selected for each drop. The latter is based on interpolation functions in GNU 
Scientific Library (GSL)  [5] and can be used only on platforms, where GSL has been installed.  
 
Note! ANSI-C version does not operate with a certain combinations of model options. In this case an error 
message is given. 
 
 




5.4.1 A faster channel coefficients generation: scm_mex_core.m 
To make use of the optimized computation, one must: 
 




1) Compile the ANSI-C function. The simplest way to do this is to type ‘mex scm_mex_core.c’ at the 
MATLAB command prompt (provided that MATLAB’s C compiler has been configured 
properly).  




2) Set ‘wimpar.AnsiC_core=’yes’’. 
 
There may be considerable differences between C compilers with respect to the resulting performance.  
 
Further performance improvement may be achieved by setting wimpar. LookUpTable=-1. This activates 
the lookup table for computing the complex exponential, in the core equation of the channel model. 
Alternatively, one can set the number of points in the look-up table by e.g. setting wimpar. 
LookUpTable=1024. The default lookup table size (with LookUpTable = -1) is 2^14=16384.  
 
 




5.4.2 A faster antenna pattern interpolation function: interp_gain_c.m 
In some applications, particularly when the WIM function is called repeatedly for a small number of time 
samples, antenna field pattern interpolation may constitute a large part of computation. For such 
applications it may be worthwhile to use the ANSI-C written interpolation function interp_gain_c. The 
function is based on the interpolation functions in GNU Scientific Library (GSL) and supports linear and 
cubic spline interpolation with periodic boundary conditions. Look-up table -based interpolation is also 
supported for uniformly sampled field patterns. To compile the function, type  
 
 mex -lgsl -lgslcblas -lm interp_gain_mex.c 
 
at the MATLAB command prompt. The GNU Scientific Library  [5] must be installed in the system for 
successful compilation. For list of platforms supported by GSL, see  [5]. 
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Appendix A:  Terminology and notation 
 
 ‘Link’ = one-directional (downlink or uplink) BS-MS connection. The term ‘link’ is sometimes, but not 
always, interchangeable with ‘user’, i.e. MS.  




 




‘Channel realisation’ = a sequence of channel matrices over a pre-defined number of time samples (in 
WIM, each element of the channel matrix has six channel clusters in delay domain).  




 




Cluster ≡  tap ≡  path 




Ray ≡  subpath 




K  number of links 




N  number of paths  




M  number of subpaths within a path 




U  number of receiver elements 




S  number of transmitter elements 




T  number of time samples  




 




 




 




 

















WIM2_ITU_ChannelModel_ver4/wimparset.m


function wimpar=wimparset(varargin)

%WIMPARSET Model parameter configuration for WIMi

%   WIMPAR=WIMPARSET sets default parameters for the input struct WIMPAR 

%   (see WIM). 

%

%   WIMPARSET parameters [ {default} ]:

%

%   NumBsElements           - Number of BS array antenna elements [ {2} ]

%   NumMsElements           - Number of MS array antenna elements [ {2} ]

%   range                   - if Scenario='B5b', the path-loss ranges 1, 2 and 3 are defined, see [1]

%   end_time                - if Scenario='B5x', Observation end time for B5 - time points are taken as [0,T]

%   SampleDensity           - number of time samples per half wavelength [ {2} ]

%   NumTimeSamples          - number of time samples [ {100} ]

%   UniformTimeSampling     - Use same time sampling grid for all links [ yes | {no} ] 

%   IntraClusterDsUsed      - Two strongest clusters are divided into three subclusters [ {yes} | no ] 

%   NumSubPathsPerPath      - number of subpaths per path [ {20} ] (cannot be changed)

%   FixedPdpUsed            - nonrandom path delays and powers [ yes | {no}]

%   FixedAnglesUsed         - nonrandom AoD/AoAs [ yes | {no} ]

%   PolarisedArrays         - usage of dual polarised arrays [ yes | {no} ]

%   CenterFrequency         - carrier frequency in Herz [ {5.25e9} ]

%   DelaySamplingInterval   - delay sampling grid [ {5e-9} ]

%   PathLossModelUsed       - usage of path loss model [ yes | {no} ]

%   ShadowingModelUsed      - usage of shadow fading model [ yes | {no} ]

%   PathLossModel           - path loss model function name [ {pathloss} ]

%   AnsiC_core              - use optimized computation [ yes | {no} ]

%   LookUpTable             - look up EXP(j*THETA) from a table [{0}]

%   RandomSeed              - sets random seed [ {[empty]} ]

%   UseManualPropCondition  - whether to use manual propagation condition (los/nlos) setting or not. 

%                             If not, the propagation condition is drawn from probabilities.  

%

%   Notes about parameters:

%   - The number of BS and MS elements is normally extracted from ANTPAR.

%     The values of NumBsElements and NumMsElements are used only if a single

%     scalar is given as the antenna field pattern in ANTPAR (see ANTPARSET).

%   - For successful Doppler analysis, one should select SampleDensity > 1.

%     The time sample interval is calculated from CenterFrequency and

%     MsVelocity (see LINKPARSET) according to wavelength/(MsVelocity*SampleDensity).

%     The calculated time sample interval for each link is included in the optional 

%     output argument of WIM. 

%   - If UniformTimeSampling is 'yes' all links will be sampled at

%     simultaneous time instants. In this case, the time sample interval is

%     the same for all links it is calculated by replacing MsVelocity with

%     MAX(MsVelocity), where the maximum is over all links. 

%   - Number of rays is fixed to 20. This is because the AoD/AoAs for

%     subpaths in WIM have fixed angle spread. see [1, Table 4-1].

%   - If FixedPdpUsed='yes', the delays and powers of paths are taken from

%     a table [1, Table 6-1..26].  

%   - If FixedAnglesUsed='yes', the AoD/AoAs are taken from a table 

%     [1, Table 6-1..26]. Random pairing of AoDs and AoAs is not used.

%   - If PolarisedArrays='yes', single channel coefficient of impulse

%     response turns to 2x2 coefficient matrix, with elements [VV VH;HV HH].

%     Where V stands for vertical polarisation and H for horizontal.

%   - CenterFrequency affects path loss and time sampling interval.

%   - DelaySamplingInterval determines the sampling grid in delay domain.

%     All path delays are rounded to the nearest grid point. It can also 

%     be set to zero. 

%   - When PathLossModelUsed is 'no' the path losses are still computed for

%     each link but they are not multiplied into the channel matrices. If

%     ShadowingModelUsed is also 'no', each channel matrix element has unit

%     mean power (summed over delay domain). In other words,

%     MEAN(MEAN(ABS(SUM(H,3)).^2,4),5) is a matrix of (approximately) ones 

%     when isotropic unit-gain antennas are used. Exception: with

%     'polarized' option (and default antennas) the mean power is two.

%   - Path loss model is implemented in a separate function, whose name is

%     defined in PathLossModel. For syntax, see PATHLOSS. 

%   - The C-function must be compiled before usage. For more information 

%     of the ANSI-C core function, see SCM_MEX_CORE. 

%   - The LookUpTable parameter defines the number of points used in the

%     cosine look-up table; a power-of-2 should be given. The look-up table 

%     is used only in the ANSI-C optimized core function. Value 0 indicates

%     that look-up table is not used. Value -1 uses the default number of 

%     points, which is 2^14=16384. Since a large part of computation in WIM 

%     involves repeated evaluation of a complex exponential, the look-up 

%     table can speed up computation on certain platforms and C compilers.

%   - Even fixing the random seed may not result in fully repeatable

%     simulations due to differences in e.g. MATLAB versions. 

%

%   Ref. [1]: D1.1.2 V1.0, "WINNER II channel models"

%        [2]: 3GPP TR 25.996 v6.1.0 (2003-09)

%

%   See also WIM, LINKPARSET, LAYOUTPARSET, ANTPARSET.



%   Authors: Jari Salo (HUT), Pekka Kyösti (EBIT), Daniela Laselva (EBIT), 

%   Giovanni Del Galdo (TUI), Marko Milojevic (TUI), Christian Schneider (TUI)

%   Lassi Hentilä (EBIT), Mikko Alatossva (CWC/UOULU)





if length(varargin)>0

    error('No such functionality yet. Try ''wimpar=wimparset'' instead.')

end



% Set the default values

wimpar=struct(  'NumBsElements',2,...                   

                'NumMsElements',2,...                   

                'range',1,...  

                'end_time',1,...                        % Observation end time for B5 - time points are taken as:  wimpar.TimeVector=linspace(0,wimpar.end_time,T);

                'SampleDensity', 2,...                  % in samples/half-wavelength

                'NumTimeSamples',100,...         

                'UniformTimeSampling','no',... 

                'IntraClusterDsUsed','yes',...          % Two strongest clusters are divided into three subclusters

                'NumSubPathsPerPath',20,...             % only value supported is 20.

                'FixedPdpUsed','no',...                 % Use fixed delays and path powers

                'FixedAnglesUsed','no',...              % Use fixed AoD/AoAs

                'PolarisedArrays','no',...              % use polarised arrays

                'TimeEvolution','no',...                % use of time evolution option

                'CenterFrequency',5.25e9,...            % in Herz

                'DelaySamplingInterval',5e-9,...        

                'PathLossModelUsed','no',...            

                'ShadowingModelUsed','no',...           

                'PathLossModel','pathloss',...

                'AnsiC_core','no',...                   

                'LookUpTable',0,...                     % number of points in Ansi-C core look-up table for cosine, 0 if not used

                'RandomSeed',[],...                     % if empty, seed is not set. 

                'UseManualPropCondition','yes');











WIM2_ITU_ChannelModel_ver4/wim_core.m


%WIM_CORE Channel coefficient computation for a geometric channel model

%   [H DELTA_T FINAL_PHASES FINAL_PHASES_LOS]=WIM_CORE(WIMPAR,LINKPAR,ANTPAR,BULKPAR,BSGAIN,BSGAIN_LOS,MSGAIN,MSGAIN_LOS,OFFSET_TIME, BSGAINISSCALAR, MSGAINISSCALAR, PCind)

%   This is the wim_core aka the big for loop. It implements the formula in

%   [2, Eq. 3.26-28].

%

%   Outputs:

%

%   H               - [UxSxNxTxK] array of channel coefficients

%   DELTA_T         - time sampling intervals (in seconds) for all links

%   FINAL_PHASES    - final phases of all subpaths in degrees over (-180,180)

%   FINAL_PHASES_LOS- final phases for LOS paths in degrees over (-180,180)

%   

%   Inputs:

%

%   WIMPAR          - input struct, see WIMPARSET

%   LINKPAR         - input struct, see LINKPARSET

%   ANTPAR          - input struct, see ANTPARSET

%   BULKPAR         - input BULKPAR, see GENERATE_BULK_PAR

%   BSGAIN          - [KxSxNxM] array of interpolated antenna field

%                     patterns (complex)

%   BSGAIN_LOS      - [KxS] array of interpolated antenna field patterns

%                     (complex) for LOS paths. Only used with the LOS

%                     option; it is set to scalar otherwise.

%   MSGAIN          - [KxUxNxM] array of interpolated antenna field

%                     patterns (complex)

%   MSGAIN_LOS      - [KxU] array of interpolated antenna field patterns

%                     (complex) for LOS paths. Only used with the LOS

%                     option; it is set to scalar otherwise.

%   OFFSET_TIME     - time offset added to the initial phase (set to zero by default)

%   BSGAINISSCALAR  - this is 1 if BsGain is uniform over azimuth, 0 otherwise.

%   MSGAINISSCALAR  - this is 1 if MsGain is uniform over azimuth, 0 otherwise.

%

%   With 'polarized' option:

%

%   BSGAIN          - [KxSx2xNxM] array of interpolated antenna field

%                     patterns (complex), where the third dimension are

%                     the patterns for [V H] polarizations. 

%   MSGAIN          - [KxUx2xNxM] array of interpolated antenna field

%                     patterns (complex), where the third dimension are

%                     the patterns for [V H] polarizations. 

%

%   The ANCI-C version is develeped in WINNER project originally to

%   implement the 3GPP SCM.

%   To compile the ANSI-C written optimized core, type

%

%       mex scm_mex_core.c

%

%   at MATLAB prompt. For further documentation on the ANSI-C implementation 

%   of the WIM_CORE, see SCM_MEX_CORE.

%

%   Ref. [1]: 3GPP TR 25.996 v6.1.0 (2003-09)

%        [2]: D1.1.2 V1.0, "WINNER II channel models"

%

%   Authors: Giovanni Del Galdo (TUI), Marko Milojevic (TUI), Jussi Salmi (HUT),  

%   Christian Schneider (TUI), Jari Salo (HUT), Pekka Ky�sti (EBIT), 

%   Daniela Laselva (EBIT), Lassi Hentil� (EBIT)



% Bug fixes:

%   Erroneus variable name s changed to u on line 573. Caused error with

%    asymmetric MIMO configuration (e.g.2x4) & CDL models or B5 scenario. (22.8.2006 PekKy)

%   Polarised arrays, non-ANSI-C version, power scaling changed harmonised

%    with ANSI-C version on rows 419-420, 462-468. (22.8.2006 PekKy)







%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%                   --------                     %%

function [H, delta_t, output_SubPathPhases, output_Phi_LOS] = wim_core (wimpar,linkpar,antpar,bulkpar,BsGain,BsGain_Theta_BS,MsGain,MsGain_Theta_MS,offset_time, BsGainIsScalar, MsGainIsScalar,PCind)

%%                   --------                     %%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



%

% offset_time [samples] = defines the starting point (in samples) of the

%                         time axis

% Examples: you want to calculate 1000 time samples calling the wim_core

%           twice (everytime for 500 timesamples)

%           H1 = wim_core (..., 0)

%           H2 = wim_core (..., 500)

%







DEBUG_MODE_FLAG   = 0;

PROFILE_MODE_FLAG = 0;

DISPLAY_MODE_FLAG = 0;



S=size(BsGain,2);                     % number of receiving antennas

U    = size(MsGain,2);                % number of transmitting antennas

N    = size(bulkpar.delays,2);        % number of paths

T    = wimpar.NumTimeSamples;         % number of time samples

K    = length(PCind);                 % number of links

M    = wimpar.NumSubPathsPerPath;     % number of subpaths



AnsiC_core = wimpar.AnsiC_core;





% intra-cluster delays spread added based on the D1.1.1

if strcmpi(wimpar.IntraClusterDsUsed,'yes')

    AnsiC_core = 'no';      % NOTE! IntraClusterDsUsed forces AnsiC_core = 'no', change this after scm_mex_core.c is modified

    

    NumRaysPerSubCluster = [10,6,4];

    RayOrder = [1,2,3,4,5,6,7,8,19,20,9,10,11,12,17,18,13,14,15,16];

    P = bulkpar.path_powers; P(isnan(P))=-Inf;

    SortedPower = fliplr(sort(P,2)); P(isinf(P))=NaN;

    for xx = 1:size(P,1)

        SubClusterInd(xx,:) = P(xx,:) > SortedPower(xx,3); % Index of the cluster to be divided

    end

    

else    % special case, one midpath only

    LM = 1:M;

    LN=M;

    L = length(LN);

    P = bulkpar.path_powers;

    SubClusterInd = zeros(size(P));

end







H = zeros(U,S,N+4,T,K); %"+4" is due to 4 extra sub-clusters





% define element spacing vectors if scalars are given

if (length(antpar.MsElementPosition)==1)

    antpar.MsElementPosition=[0:antpar.MsElementPosition:antpar.MsElementPosition*(U-1)];

end



if (length(antpar.BsElementPosition)==1)

    antpar.BsElementPosition=[0:antpar.BsElementPosition:antpar.BsElementPosition*(S-1)];

end





% Set internal parameters

speed_of_light=2.99792458e8;

wavelength=speed_of_light/wimpar.CenterFrequency;



% dummy

output_Phi_LOS       = zeros(K,1);



% let's make the time axis - for that we need to check UniformTimeSampling

% and the MSs' velocities

% Note: SampleDensity is samples per half wavelength.

if strcmp(wimpar.UniformTimeSampling,'yes')

    

    max_vel = max(linkpar.MsVelocity);

    delta_t = repmat((wavelength / max_vel)/2/wimpar.SampleDensity,K,1);

    

else % 'UniformTimeSampling' is 'no'

    

    delta_t = (wavelength ./ linkpar.MsVelocity(PCind).')./2/wimpar.SampleDensity ;

    

end

t = repmat(delta_t,1,T).*repmat([0:T-1]+offset_time,K,1); % matrix containing the time axes for all links [KxT]



% Time axis generation for fixed feeder links (B5 scenarios)

tmp = zeros(1,length(linkpar.ScenarioVector));

tmp(PCind) = 1;

B5ind = find((linkpar.ScenarioVector>=7 & linkpar.ScenarioVector<=9).*tmp);



if length(B5ind)>0

    H = zeros(U,S,N+4,T,K);  %"+4" is due to 4 extra sub-clusters (even though not used with B5)

    SubClusterInd(B5ind,:) = zeros(length(B5ind),size(bulkpar.delays,2));

    AnsiC_core = 'no';      % NOTE! B5 forces AnsiC_core = 'no', change this after scm_mex_core.c is modified

    for k=1:length(B5ind) 

        B5ind2(k) = find((B5ind(k)==PCind));

    end

    % not final

    wimpar.TimeVector=linspace(0,wimpar.end_time,T);

    % not final

    

    t(B5ind2,:) = repmat(wimpar.TimeVector,length(B5ind),1);%KTH

    linkpar.MsVelocity(B5ind)=zeros(length(B5ind),1);

    delta_t(B5ind2)=repmat(wimpar.TimeVector(2)-wimpar.TimeVector(1),length(B5ind),1); %% Dummy value

end



k_CONST = 2*pi/wavelength;      % wave number





%%%%%%%%%%%%%%%%%%ANSI-C core part%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%check if ANSI-C core is used

if strcmpi(wimpar.AnsiC_core,'yes')

    

    % different modes

    GENERAL = 1;

    POLARIZED = 2;

    LOS = 3;   

    

    look_up_points = wimpar.LookUpTable; % set if look-up table is used for sin/cos

        

    if (BsGainIsScalar && MsGainIsScalar)

        GainsAreScalar = 1;

    else 

        GainsAreScalar = 0;

    end

    

    

    if ~strcmpi(wimpar.PolarisedArrays,'yes')

        

        if DISPLAY_MODE_FLAG

            disp('entering main loop...');

        end

        

        % adjusting parameters for calling the C routine

        d_u = antpar.MsElementPosition*wavelength;

        d_s = antpar.BsElementPosition*wavelength;

        aod = bulkpar.aods(PCind,1:N,1:M)*pi/180;

        aoa = bulkpar.aoas(PCind,1:N,1:M)*pi/180;  

        phase = bulkpar.subpath_phases(PCind,1:N,1:M)*pi/180;

        v = linkpar.MsVelocity(PCind);

        theta_v = linkpar.MsDirection(PCind)*pi/180;

        sq_Pn = sqrt(bulkpar.path_powers(PCind,1:N*L));

        

        % calling the C-mex routine for general coefficients 

        [H output_SubPathPhases] = scm_mex_core(GENERAL, BsGain(PCind,:,:,:), MsGain(PCind,:,:,:), aod, aoa,...

            d_s, d_u, phase, t, k_CONST, v, theta_v, sq_Pn, look_up_points, U, S, N, L, M, K, T, GainsAreScalar, LM, LN);

        

        %output_SubPathPhases = prin_value((output_SubPathPhases*180/pi + bulkpar.subpath_phases)); %changed due tests

        output_SubPathPhases = prin_value((output_SubPathPhases*180/pi + bulkpar.subpath_phases(1:K,1:N,1:M)));

        

    else % it's polarized!

        if DISPLAY_MODE_FLAG

            disp('entering polarized option...');

        end    

        

        output_SubPathPhases = zeros(K,4,N,M);

        %temp_output_SubPathPhases = zeros(K,N,M);

        

        % BsGain must have size: [K x S x 2 x N x M]

        % the first dimension in the polarization must be vertical

        %

        % MsGain must have size: [K x U x 2 x N x M]

        % the first dimension in the polarization must be vertical

        %

        % subpath_phases has size: [K x 4 x N x M]

        %

        % bulkpar.xpd has size: [K,2,N]

        % adjusting parameters for calling the C routine

        d_u = antpar.MsElementPosition * wavelength;

        d_s = antpar.BsElementPosition * wavelength;

        

        X_BS_v = reshape(BsGain(:,:,1,:,:),K,S,N,M); 

        X_BS_h = reshape(BsGain(:,:,2,:,:),K,S,N,M); 

        X_MS_v = reshape(MsGain(:,:,1,:,:),K,U,N,M); 

        X_MS_h = reshape(MsGain(:,:,2,:,:),K,U,N,M);     

        aod = bulkpar.aods(PCind,1:N,1:M)*pi/180;

        aoa = bulkpar.aoas(PCind,1:N,1:M)*pi/180;  

        phase_v_v = reshape(bulkpar.subpath_phases(PCind,1,1:N,1:M),K,N,M)*pi/180;

        phase_v_h = reshape(bulkpar.subpath_phases(PCind,2,1:N,1:M),K,N,M)*pi/180;

        phase_h_v = reshape(bulkpar.subpath_phases(PCind,3,1:N,1:M),K,N,M)*pi/180;

        phase_h_h = reshape(bulkpar.subpath_phases(PCind,4,1:N,1:M),K,N,M)*pi/180;

        %sq_r_n1 = reshape(sqrt(1/bulkpar.xpd(1:K,1,1:N)),K,N);

        %sq_r_n2 = reshape(sqrt(1/bulkpar.xpd(1:K,2,1:N)),K,N);        

%         r_n1 = 1 ./ reshape(bulkpar.xpd(1:K,1,1:N),K,N); % Jari Apr 17, 2005

%         r_n2 = 1 ./ reshape(bulkpar.xpd(1:K,2,1:N),K,N); % Jari Apr 17, 2005   

        r_n1 = 1 ./ bulkpar.xprV(PCind,1:N,1:M); 

        r_n2 = 1 ./ bulkpar.xprH(PCind,1:N,1:M);   



        v = linkpar.MsVelocity(PCind);

        theta_v = linkpar.MsDirection(PCind)*pi/180;

        sq_Pn = sqrt(bulkpar.path_powers(PCind,1:N*L));

        

        % the ANSI-C function call

        [H temp_output_SubPathPhases] = scm_mex_core(POLARIZED, X_BS_v, X_BS_h, X_MS_v, X_MS_h, aod, aoa, d_s, d_u, phase_v_v, phase_v_h, phase_h_v, phase_h_h, r_n1, r_n2, t, k_CONST, v, theta_v, sq_Pn, look_up_points, U, S, N, L, M, K, T, GainsAreScalar, LM, LN);

        

        output_SubPathPhases(:,1,:,:) = temp_output_SubPathPhases;

        output_SubPathPhases(:,2,:,:) = temp_output_SubPathPhases;

        output_SubPathPhases(:,3,:,:) = temp_output_SubPathPhases;

        output_SubPathPhases(:,4,:,:) = temp_output_SubPathPhases;

        

        output_SubPathPhases = prin_value((output_SubPathPhases*180/pi + bulkpar.subpath_phases));

        

        

        

    end % is it polarized?

    

    %%%%%%

    if PROFILE_MODE_FLAG

        profile report

    end

    %%%%%%

    

    % LOS OPTION

    

    if (bulkpar.propag_condition(PCind(1))==1)      % if LOS links

        

        

        % Take the values of K factors and probability of having LOS case

        K_factors       = bulkpar.Kcluster;%;K_factors;

        

        %indx            = (K_factors.'~=0)';

        

        ThetaBs      = linkpar.ThetaBs; ThetaBs=ThetaBs(:).';

        ThetaMs      = linkpar.ThetaMs; ThetaMs=ThetaMs(:).';

        

        % if strcmp(str,'safe') % we only do it 'safe' for this option

        

        %adjusting parameters for calling the C-language routine

        output_Phi_LOS       = zeros(length(linkpar.ScenarioVector),1);

        d_u = antpar.MsElementPosition * wavelength;

        d_s = antpar.BsElementPosition * wavelength;

        

        

        % the ANSI-C function call

        [H output_Phi_LOS] = scm_mex_core(LOS, BsGain_Theta_BS(PCind,:), MsGain_Theta_MS(PCind,:), ThetaBs*pi/180, ThetaMs*pi/180, d_s, d_u, bulkpar.Phi_LOS(:,1)* pi/180, t, k_CONST, linkpar.MsVelocity(:), linkpar.MsDirection(1,:)*pi/180, H, output_Phi_LOS, K_factors, U, S, N*L, K, T);

        

        % adjusting angles

        output_Phi_LOS = prin_value((output_Phi_LOS*180/pi + bulkpar.Phi_LOS));

        

    end % if 'LOS' condition   

    %%%%%%%%%%%%%%%%%%ANSI-C core part ends%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

    

    

    

else % if ANSI-C is not used

    if ~strcmpi(wimpar.PolarisedArrays,'yes')

        

        if DISPLAY_MODE_FLAG

            disp('entering main loop...');

        end

        

        output_SubPathPhases = zeros(K,N,M);

        

        for u = 1:U % cycles (MS) antennas

            %du = antpar.MsElementSpacingULA * (u-1) * wavelength;

            du = antpar.MsElementPosition(u)*wavelength;

            for s = 1:S % cycles Tx (BS) atennas

                %ds = antpar.BsElementSpacingULA * (s-1) * wavelength;

                ds = antpar.BsElementPosition(s)*wavelength;

                for kk = 1:K % cycles links

                    k = PCind(kk);

                    LN_index = 0; %

                    for n = 1:N % cycles paths

                        

                        LM_index = 0; %

                         

                        

                        if SubClusterInd(kk,n)==1; L=3; LM = RayOrder; LN = NumRaysPerSubCluster;

                           path_powers = [P(kk,n)*10/20 P(kk,n)*6/20 P(kk,n)*4/20]; 

                        else L=1; LN=M; LM=1:M;

                            path_powers = P(kk,n);

                        end

                        

                        for km = 1:L % cycles subclusters 

                            

                            LN_index = LN_index+1; %Running index of the clusters (including sub-clusters)

                            

                            temp = zeros(M,T);   % oversized, just to keep it always the same size

                            

                            for m=1:LN(km) % cycles rays

                                

                                LM_index = LM_index+1; % Running index of the rays

                                

                                % Calculate Doppler frequency nu of scatterer m

                                if sum(k==B5ind)    % IF current link is B5

                                    nu = bulkpar.scatterer_freq(k,n,m);

                                else    % IF not B5

                                    nu = (linkpar.MsVelocity(k) * cos((bulkpar.aoas(k,n,LM(LM_index)) - linkpar.MsDirection(k))*pi/180))/wavelength;

                                end

                                

                                temp(m,:) =  BsGain(k,s,n,LM(LM_index)) *...

                                    exp(j*(...

                                    k_CONST * ds * sin((bulkpar.aods(k,n,LM(LM_index)))*pi/180) +...

                                    (bulkpar.subpath_phases(k,n,LM(LM_index))*pi/180)+...

                                    k_CONST * du * sin((bulkpar.aoas(k,n,LM(LM_index)))*pi/180)...

                                    )) *...

                                    MsGain(k,u,n,LM(LM_index)) * exp(1j*2*pi*nu * t(kk,:) );

                                

                                

                            end % rays



                            H(u,s,LN_index,:,kk) =  sqrt(path_powers(km) / LN(km)) * sum(temp,1);

                            

                        end % subclusters

                        

                    end % paths 

                    

                end % links 

            end % Tx antennas 

        end % Rx antennas 

        

        

        for kk = 1:K % cycles links  % Of course the for loop could be avoided. 

            k = PCind(kk);

            for n = 1:N % cycles paths

                for m=1:M % cycles supaths

                    

                    % SIMPLE LOOP

                    output_SubPathPhases(kk,n,m) =  k_CONST * linkpar.MsVelocity(k) * cos((bulkpar.aoas(k,n,m) - linkpar.MsDirection(k))*pi/180) * (delta_t(kk)*T);   

                    

                end % subpaths

            end % paths 

        end % links 

        

        output_SubPathPhases = prin_value((output_SubPathPhases*180/pi + bulkpar.subpath_phases(PCind,:,:)));

        

        

        

    else % it's polarized!

        if DISPLAY_MODE_FLAG

            disp('entering polarized option...');

        end    

        

        output_SubPathPhases = zeros(K,4,N,M);

        

        % Set polarisation matrix powers according to XPRs

        % Assume Pvv+Pvh=Phh+Phv=1. In this case

%         Pvv = bulkpar.xprV./(1+bulkpar.xprV);

%         Pvh = 1-bulkpar.xprV./(1+bulkpar.xprV);

%         Phh = bulkpar.xprH./(1+bulkpar.xprH);

%         Phv = 1-bulkpar.xprH./(1+bulkpar.xprH);

        % Pxy replaced by R_ni (8.5.2006 PekKy)

        r_n1 = 1 ./ bulkpar.xpr;

        r_n2 = r_n1; % D1.1.2 definition

        %r_n2 = 1 ./ bulkpar.xprH; 

        

        

        % BsGain has must have size: [K x S x 2 x N x M]

        % the first dimension in the polarization must be vertical

        %

        % MsGain has must have size: [K x U x 2 x N x M]

        % the first dimension in the polarization must be vertical

        %

        % subpath_phases has size: [K x 4 x N x M]

        % bulkpar.xpd has size: [K,2,N]

        temp = zeros(M,T);    

        for u = 1:U % cycles (MS) antennas

            %du = antpar.MsElementSpacingULA * (u-1) * wavelength;

            du = antpar.MsElementPosition(u)*wavelength;

            for s = 1:S % cycles Tx (BS) atennas

                %ds = antpar.BsElementSpacingULA * (s-1) * wavelength;

                ds = antpar.BsElementPosition(s)*wavelength;

                for kk = 1:K % cycles links

                    k = PCind(kk);

                    LN_index = 0; %

                    for n = 1:N % cycles paths

                        

                        LM_index = 0; % 

                        

                        if SubClusterInd(kk,n)==1; L=3; LM = RayOrder; LN = NumRaysPerSubCluster;

                           path_powers = [P(kk,n)*10/20 P(kk,n)*6/20 P(kk,n)*4/20]; 

                        else L=1; LN=M; LM=1:M;

                            path_powers = P(kk,n);

                        end

                        

                        for km = 1:L % cycles midpaths

                            

                            LN_index = LN_index+1; %Running index of the clusters (including sub-clusters)

                            

                            temp = zeros(M,T);   % oversized, just to keep it always the same size

                            

                            for m=1:LN(km) % cycles subpaths

                                

                                LM_index = LM_index+1;

                                                              

%                                 % Assume Pvv+Pvh=Phh+Phv=1. In this case        % Commented 22.8.2006, PekKy  

%                                 % Pvv=xprV/(1+xprV) and Pvh=1-xprV/(1+xprV),

%                                 % Phh=xprH/(1+xprH) and Phv=1-xprH/(1+xprH)

%                                 temp(m,:) =  [BsGain(k,s,1,n,LM(LM_index)) BsGain(k,s,2,n,LM(LM_index))] * ...

%                                     [ sqrt(Pvv(k,n,m)) * exp(j*bulkpar.subpath_phases(k,1,n,LM(LM_index))*pi/180),   sqrt(Pvh(k,n,m)) * exp(j*bulkpar.subpath_phases(k,2,n,LM(LM_index))*pi/180);...

%                                       sqrt(Phv(k,n,m)) * exp(j*bulkpar.subpath_phases(k,3,n,LM(LM_index))*pi/180),   sqrt(Phh(k,n,m)) * exp(j*bulkpar.subpath_phases(k,4,n,LM(LM_index))*pi/180)] *...

%                                     [MsGain(k,u,1,n,LM(LM_index)); MsGain(k,u,2,n,LM(LM_index))] * ...

%                                     exp(j * (k_CONST * ds * sin((bulkpar.aods(k,n,LM(LM_index)))*pi/180))) * ...

%                                     exp(j * (k_CONST * du * sin((bulkpar.aoas(k,n,LM(LM_index)))*pi/180))) * ...                    

%                                     exp(j * k_CONST * linkpar.MsVelocity(k) * cos((bulkpar.aoas(k,n,LM(LM_index)) - linkpar.MsDirection(k))*pi/180) * t(k,:));



                                % Calculate Doppler frequency nu of scatterer m

                                if sum(k==B5ind)    % IF current link is B5

                                    nu = bulkpar.scatterer_freq(k,n,m);

                                else    % IF not B5

                                    nu = (linkpar.MsVelocity(k) * cos((bulkpar.aoas(k,n,LM(LM_index)) - linkpar.MsDirection(k))*pi/180))/wavelength;

                                end



                                temp(m,:) =  [BsGain(k,s,1,n,LM(LM_index)) BsGain(k,s,2,n,LM(LM_index))] * ...

                                    [ exp(j*bulkpar.subpath_phases(k,1,n,LM(LM_index))*pi/180)  ,  sqrt(r_n1(k,n,m)) * exp(j*bulkpar.subpath_phases(k,2,n,LM(LM_index))*pi/180);...

                                    sqrt(r_n2(k,n,m)) * exp(j*bulkpar.subpath_phases(k,3,n,LM(LM_index))*pi/180)  ,  exp(j*bulkpar.subpath_phases(k,4,n,LM(LM_index))*pi/180)] *...

                                    [MsGain(k,u,1,n,LM(LM_index)); MsGain(k,u,2,n,LM(LM_index))] * ...

                                    exp(j * (k_CONST * ds * sin((bulkpar.aods(k,n,LM(LM_index)))*pi/180))) * ...

                                    exp(j * (k_CONST * du * sin((bulkpar.aoas(k,n,LM(LM_index)))*pi/180))) * ...   

                                    exp(1j*2*pi*nu * t(kk,:) );

                                

                                

                            end % rays

                            

                            H(u,s,LN_index,:,kk) =  sqrt(path_powers(km) / LN(km)) * sum(temp,1);

                            

                        end % subclusters

                    end % paths 

                end % links 

            end % Tx antennas 

        end % Rx antennas 

        

%         for k = 1:K % cycles links  % Of course the for loop could be avoided. 

%             for n = 1:N % cycles paths

%                 for m=1:M % cycles supaths

%                     

%                     

%                     output_SubPathPhases(k,:,n,m) =  (k_CONST * linkpar.MsVelocity(k) * cos((bulkpar.aoas(k,n,m) - linkpar.MsDirection(k))*pi/180) * (t(k,end)+delta_t(k))) * ones(1,4);

%                     

%                 end % subpaths

%             end % paths 

%         end % links 

%         

%         output_SubPathPhases = prin_value((output_SubPathPhases*180/pi + bulkpar.subpath_phases));

        

        

         for kk = 1:K % cycles links  % Of course the for loop could be avoided. 

            k = PCind(kk);

            for n = 1:N % cycles paths

                for m=1:M % cycles supaths

                    

                    % SIMPLE LOOP

                    output_SubPathPhases(kk,:,n,m) =  (k_CONST * linkpar.MsVelocity(k) * cos((bulkpar.aoas(k,n,m) - linkpar.MsDirection(k))*pi/180) * (delta_t(kk)*T)) * ones(1,4);

                    

                end % subpaths

            end % paths 

        end % links 

        

        output_SubPathPhases = prin_value((output_SubPathPhases*180/pi + bulkpar.subpath_phases(PCind,:,:,:)));

        

        

        

    end % is it polarized?

    

    

    

    

    %%% LOS OPTION %%%

    

    % index to LOS but not B5 links

    LosNonB5ind = find(bulkpar.propag_condition'.*(linkpar.ScenarioVector<7 | linkpar.ScenarioVector>9));

    

    % If LOS, but not B5 link and not 'FixedPDP'

    if (bulkpar.propag_condition(PCind(1))==1) & length(LosNonB5ind)>0    

        

        % Take the values of K factors

        K_factors       = bulkpar.Kcluster;%;K_factors;

        

        ThetaBs      = linkpar.ThetaBs; ThetaBs=ThetaBs(:).';

        ThetaMs      = linkpar.ThetaMs; ThetaMs=ThetaMs(:).';

        

        output_Phi_LOS       = zeros(length(linkpar.ScenarioVector),1);

        

        for kk = 1:length(LosNonB5ind) % cycles links

            k = LosNonB5ind(kk);

            k_ind = find(k==PCind);     % index to current LOS/NLOS links which are LOS but not B5

            output_Phi_LOS(k,1) = k_CONST * linkpar.MsVelocity(k) * cos((ThetaMs(k) - linkpar.MsDirection(k))*pi/180) * (t(k_ind,end)+delta_t(k_ind));

            for u = 1:U % cycles (MS) antennas

                du = antpar.MsElementPosition(u)*wavelength;

                for s = 1:S % cycles (BS) antennas

                    ds = antpar.BsElementPosition(s)*wavelength;

                    temp =  BsGain_Theta_BS(k,s) * exp(j * k_CONST * ds * sin( ThetaBs(k)*pi/180)).* ...

                            MsGain_Theta_MS(k,u) * exp(j * (k_CONST * du * sin( ThetaMs(k)*pi/180  ) + bulkpar.Phi_LOS(k,1) * pi/180 )) * ...

                            exp(j * k_CONST * linkpar.MsVelocity(k) * cos((ThetaMs(k) - linkpar.MsDirection(k))*pi/180) * t(find(k==PCind),:));

                        

                    

                    H(u,s,1,:,k_ind)= (sqrt(1/(K_factors(k)+1)) * squeeze(H(u,s,1,:,k_ind)) + sqrt(K_factors(k)/(K_factors(k)+1)) * temp.').';

                end % Rx antennas

                

            end % Tx antennas

            

            H(:,:,2:end,:,k_ind)= sqrt(1/(K_factors(k)+1)) *  H(:,:,2:end,:,k_ind);      

        end % links

        

        output_Phi_LOS = prin_value((output_Phi_LOS*180/pi + bulkpar.Phi_LOS));

    end % if 'LOS' propagation condition

    

end  % end if ANSI-C is used





%% B5 links %%%

%   direct rays are added and cluster powers adjusted

%   according to cluster-wise K-factors given in [2, tables 7.17-24]

%

% index to links which are LOS and B5

LosB5ind = find(bulkpar.propag_condition'.*(linkpar.ScenarioVector>=7 & linkpar.ScenarioVector<=9));



if (bulkpar.propag_condition(PCind(1))==1) & length(LosB5ind)>0 

    

    Kcluster = bulkpar.Kcluster;             % read cluster-wise K-factors

    

%    output_Phi_LOS       = zeros(K,1);

    

    for kk = 1:length(LosB5ind) % cycles links

        k = LosB5ind(kk);

        k_ind = find(k==PCind);     % index to current LOS/NLOS links which are LOS and B5

        for u = 1:U % cycles (MS) antennas

            du = antpar.MsElementPosition(u)*wavelength;

            for s = 1:S % cycles (BS) atennas

                

                n = 1;     % index to cluster with a direct ray, in WIM2 always 1st cluster

                ds = antpar.BsElementPosition(s)*wavelength;

                

                aod_direct = bulkpar.aods(k,n,1)-bulkpar.aods(k,n,2);     % AoD for the direct ray (middle)

                aoa_direct = bulkpar.aoas(k,n,1)-bulkpar.aoas(k,n,2);     % AoA for the direct ray (middle)

                

                % antenna gain of direct ray is approximated by linear interpolation 

                BsGain_direct = mean(BsGain(k,s,n,1:2));    

                MsGain_direct = mean(MsGain(k,u,n,1:2));        % 22.8.2006 PekKy, index s corrected to u

                

                nu = 0;     % LOS ray has always 0 Hz Doppler in B5 scenarios

                

                temp =  BsGain_direct * exp(j * k_CONST * ds * sin( aod_direct*pi/180))* ...

                        MsGain_direct * exp(j * (k_CONST * du * sin( aoa_direct*pi/180  ) + bulkpar.Phi_LOS(k,1) * pi/180 )) * ...

                        exp(1j*2*pi*nu * t(k_ind,:) );

                

                H(u,s,n,:,k_ind) = (sqrt(1/(Kcluster(k,1)+1)) * squeeze(H(u,s,n,:,k_ind)) + sqrt(Kcluster(k,1)/(Kcluster(k,1)+1)) * temp.').';

                

                output_Phi_LOS(k_ind,n) = 0;

                

            end % Rx antennas

        end % Tx antennas

             

    end % links

    

    output_Phi_LOS(k_ind,:) = prin_value((output_Phi_LOS(k_ind,:)*180/pi + bulkpar.Phi_LOS(k_ind,:)));



end     % end of B5 part



%%%%%%%%%%%%%%%%

%%%%%%%%%%%

%%%%%%%%

%%%%%        That's all folks !!!

%%

%





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A function that maps inputs from (-inf,inf) to (-180,180)

function y=prin_value(x)

y=mod(x,360);

y=y-360*floor(y/180);










