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Introduction

The “TGac Channel Model Addendum” document [1] summarizes changes to the existing TGn channel model [2] to support wider system bandwidths, higher-order MIMO, multi-user MIMO (MU-MIMO) scenarios, new Doppler assumptions, and polarization diversity. All of these model extensions can be implemented by revisions to the existing TGn channel model Matlab code, currently distributed by Laurent Schumacher and the University of Namur. [2]
The Matlab script, “IEEE_802_11_Cases.m,” contains the basic PDP (power density profile) definitions for all TGn channel models. It is typically called once at the beginning of a channel simulation, and returns channel fundamentals such as the composite PDP, antenna correlation matrices, Ricean steering matrix, Ricean K factor, and path loss. 
This contribution details changes to the “IEEE_802_11_Cases.m” script required to support two TGac channel model features:

1) PDP interpolation to produce tap spacings less than 10ns (to support wider system bandwidths)

2) Pseudorandom per-user AoA/AoD rotations to support multi-user MIMO scenarios
As these TGac features specifically alter the cluster PDP definitions, it is most appropriate to incorporate them into the “IEEE_802_11_Cases.m” script. Other features, such as changes to the Doppler model and composite MU-MIMO channel construction shall be implemented externally to this script and will be described in a separate contribution.
Script Overview

The bulk of the code in the “IEEE_802_11_Cases.m” script is comprised of PDP definitions for each TGn model ID (i.e. A-F). These definitions are contained in a “switch-case” construction, which populates data matrices containing the PDP, per-cluster AoA, AoD, and DL and UL AS, Ricean K factor, and LOS/NLOS distance breakpoint based on the channel model ID specified by the calling function. After the appropriate model parameters are determined, the script determines composite AoA/AoD and AS, calculates TX and RX correlation matrices, computes the Ricean steering matrix, and calculates dB path loss and shadow fading factor, and returns them to the calling function.
The TGac features described above are implemented by interpolation of the TGn-defined PDP taps and rotation of the TGn-defined cluster AoAs and AoDs. Consequently, the majority of the new code occurs immediately after the “switch-case” construction. Once the model parameters have been altered in accordance with the TGac model, the original TGn model code continues as before.
Note that all code changes described here refer to the version of “IEEE_802_11_Cases.m” dated December 11, 2003, and contained in the January 22, 2004 distribution of the TGn channel model code from University of Namur.

Detail of Code Changes
Changes to Script Name and Function Definition

Script Name Change
To avoid confusion with the original TGn script, the revised script shall be renamed, “IEEE_802_11ac_Cases.m.”
New Function Definition

The function definition at the beginning of the script shall be replaced with the following:

function [PDP_linear, RTx, RRx, Fading_Type, RiceMatrix, K_factor_dB, ...
    PathLoss_dB, ShadowFading_dB, DirectionOfMovement_rad, ...
    AngleAtMobile_rad, ASAtMobile_rad] = ...
    IEEE_802_11ac_Cases(Connection, ID, CorrelationCoefficientType, ...
    CarrierFrequency_Hz, NumberOfTxAntennas, SpacingTx, ...
    NumberOfRxAntennas, SpacingRx, distance_Tx_Rx_m, ...
    tap_spacing_ns, client_id)
This new function definition reflects the name change of the script as described above. Furthermore, it defines two new function parameters:

1) ‘tap_spacing_ns’ – Specifies the PDP tap spacing (in ns) to be used in the modeled channel to support system bandwidths >40 MHz as described in Section 2 of the “TGac Channel Model Addendum” [1]. Per the channel model document, this value must be equal to 10 divided by a power of 2. If this parameter is set to 10, no tap interpolation shall occur, and the function will produce tap times equivalent to the TGn definition.
2) ‘client_id’ – Integer index to specify a particular client in a multi-user MIMO scenario. If this parameter is set to 0, no cluster AoA or AoD rotation shall occur, and the TGn-defined values shall be used.
Cluster Angle Rotation Code for MU-MIMO

The following code shall be inserted immediately after the end of the “switch-case” construction containing the cluster definitions, and before the calculation of the variable “PDP_linear” (Line 366 in the original script). This code implements the pseudorandom cluster AoA and AoD rotation for multi-user MIMO scenarios described in [1] and [3].

%% MU-MIMO CLUSTER ROTATION (TGac)
if client_id > 0
    % MU-MIMO MODEL PARAMETERS
    range_AP_LOS = 360;      % specified range of LOS diversity at AP(+/-180deg)
    range_AP_NLOS = 360;     % specified range of NLOS diversity at AP (+/-180deg) [TBD as of 802.11-09/0308r5]
    range_STA_LOS = 360;     % specified range of LOS diversity at STA (+/-180deg)
    range_STA_NLOS = 360;    % specified range of NLOS diversity at STA (+/-180deg)
    seed_AP_LOS = 39161;     % seed value for LOS DL AoD or UL AoA offsets
    seed_AP_NLOS = 2803;     % seed value for NLOS DL AoD or UL AoA offsets
    seed_STA_LOS = 45191;    % seed value for LOS DL AoA or UL AoD offsets
    seed_STA_NLOS = 13367;   % seed value for NLOS DL AoA or UL AoD offsets
    % Assign model parameters based on Connection direction
    if strcmp(Connection, 'downlink')
        seed_Tx_LOS = seed_AP_LOS;
        seed_Tx_NLOS = seed_AP_NLOS;
        seed_Rx_LOS = seed_STA_LOS;
        seed_Rx_NLOS = seed_STA_NLOS;
        range_Tx_LOS = range_AP_LOS;
        range_Tx_NLOS = range_AP_NLOS;
        range_Rx_LOS = range_STA_LOS;
        range_Rx_NLOS = range_STA_NLOS;
    else
        seed_Rx_LOS = seed_AP_LOS;
        seed_Rx_NLOS = seed_AP_NLOS; 
        seed_Tx_LOS = seed_STA_LOS;
        seed_Tx_NLOS = seed_STA_NLOS;
        range_Rx_LOS = range_AP_LOS;
        range_Rx_NLOS = range_AP_NLOS;
        range_Tx_LOS = range_STA_LOS;
        range_Tx_NLOS = range_STA_NLOS;
    end
    % Generate offsets for client client_id
    % NOTE: 'seed' method specifies MATLAB multiplicative congruential generator
    % Tx LOS
    rand('seed',seed_Tx_LOS);   % initialize random number generator
    rand_seq = rand(client_id,1); % Need to generate entire sequence up to client_id
    offset_Tx_LOS_deg = (rand_seq(end)-0.5)*range_Tx_LOS; % End of the sequence corresponds to client client_id
    % Tx NLOS
    rand('seed',seed_Tx_NLOS);   % initialize random number generator
    rand_seq = rand(client_id,1); % Need to generate entire sequence up to client_id
    offset_Tx_NLOS_deg = (rand_seq(end)-0.5)*range_Tx_NLOS; % End of the sequence corresponds to client client_id
    % Rx LOS
    rand('seed',seed_Rx_LOS);   % initialize random number generator
    rand_seq = rand(client_id,1); % Need to generate entire sequence up to client_id
    offset_Rx_LOS_deg = (rand_seq(end)-0.5)*range_Rx_LOS; % End of the sequence corresponds to client client_id
    % Rx NLOS
    rand('seed',seed_Rx_NLOS);   % initialize random number generator
    rand_seq = rand(client_id,1); % Need to generate entire sequence up to client_id
    offset_Rx_NLOS_deg = (rand_seq(end)-0.5)*range_Rx_NLOS; % End of the sequence corresponds to client client_id
else % client_id = 0, use TGn angles
    offset_Tx_LOS_deg = 0;
    offset_Tx_NLOS_deg = 0;
    offset_Rx_LOS_deg = 0;
    offset_Rx_NLOS_deg = 0;
end
% Rotate LOS (steering matrix) angles
% For all models, LOS (steering matrix) angle is always first element of
% first cluster -- not necessary to use composite to compute Rice matrix
angle_Tx_LOS_deg = mod(AoD_Tx_deg(1,1) + offset_Tx_LOS_deg,360);
angle_Rx_LOS_deg = mod(AoA_Rx_deg(1,1) + offset_Rx_LOS_deg,360);
% Convert to radians for call to init_Rice()
angle_Tx_LOS_rad = angle_Tx_LOS_deg*pi/180;
angle_Rx_LOS_rad = angle_Rx_LOS_deg*pi/180;
% Now rotate NLOS component (all taps of all clusters)
AoD_Tx_deg = mod(AoD_Tx_deg + offset_Tx_NLOS_deg,360);
AoA_Rx_deg = mod(AoA_Rx_deg + offset_Rx_NLOS_deg,360);
% Mod function creates NaNs where there were -Infs -- Restore -Infs
AoD_Tx_deg(isnan(AoD_Tx_deg)) = -Inf;
AoA_Rx_deg(isnan(AoD_Tx_deg)) = -Inf;
% End of cluster rotation
Tap Interpolation Code for Higher Channel Bandwidth

The following code shall be inserted immediately after the cluster angle rotation code contained in the previous section. If a value less than 10 is used for the parameter “tap_spacing_ns”, new cluster taps shall be calculated by interpolation as described in Section 2 of [1]. 
%-------------------------------------------------------------
%% TAP INTERPOLATION (TGac)
bw_factor = 10/tap_spacing_ns; % bandwidth expansion factor
if mod(log2(bw_factor),1) > 1e-9 || tap_spacing_ns > 10 || tap_spacing_ns < 0
    disp('ERROR: tap_spacing_ns must be equal to 10 divided by a power of 2.');
    return;
end
if tap_spacing_ns < 10 && ~strcmp(ID,'A')
    size_TGn = size(Power_per_angle_dB);
    % Step through each cluster and identify new tap locations
    % Due to non-overlapping clusters in some models (F), not all TGn taps
    % will be followed by interpolated taps
    TGac_times = []; % Accumulate all new tap times here
    for cluster = 1:size_TGn(1)
        cluster_taps = find(Power_per_angle_dB(cluster,:) > -Inf); % where are taps defined for this cluster?
        for tap = cluster_taps(1:(end-1)) % new taps after each TGn tap except the last one
            tap_times_TGac = (0:bw_factor-1)*(tap_spacing_ns/1e9) + PDP_dB(2,tap);
            TGac_times = [TGac_times tap_times_TGac];
        end
        TGac_times = [TGac_times PDP_dB(2,cluster_taps(end))]; % include final tap time for this cluster
    end
    TGac_times = sort(unique(TGac_times)); % toss out the dupes and sort
    size_TGac = [size_TGn(1) size(TGac_times,2)];
    % Preallocate matrices containing interpolated values
    Power_per_angle_dB_TGac = -Inf*ones(size_TGac);
    PDP_dB_TGac = zeros(2,size_TGac(2)); % cumulative PDP
    AoD_Tx_deg_TGac = -Inf*ones(size_TGac);
    AS_Tx_deg_TGac = -Inf*ones(size_TGac);
    AoA_Rx_deg_TGac = -Inf*ones(size_TGac);
    AS_Rx_deg_TGac = -Inf*ones(size_TGac);
    % Generate interpolated matrices
    for cluster = 1:size_TGn(1)
        % Nudge the times of the first and last TGn taps of this cluster so
        % interpolation doesn't fail at ends
        defined_taps_TGn = find(Power_per_angle_dB(cluster,:) > -Inf);
        TGn_times = PDP_dB(2,:);
        TGn_times(defined_taps_TGn(1)) = TGn_times(defined_taps_TGn(1)) * (1-(1e-9));
        TGn_times(defined_taps_TGn(end)) = TGn_times(defined_taps_TGn(end)) * (1+(1e-9));
        Power_per_angle_dB_TGac(cluster,:) = interp1(TGn_times,Power_per_angle_dB(cluster,:),TGac_times);
        % Find valid interpolated values -- interpolating on -Infs generates NaNs
        defined_taps = ~isnan(Power_per_angle_dB_TGac(cluster,:));
        Power_per_angle_dB_TGac(cluster,~defined_taps) = -Inf; % Restore -Infs
        cluster_angle = max(AoD_Tx_deg(cluster,:)); % Extract cluster angle
        AoD_Tx_deg_TGac(cluster,defined_taps) = cluster_angle;
        cluster_angle = max(AoA_Rx_deg(cluster,:)); % Extract cluster angle
        AoA_Rx_deg_TGac(cluster,defined_taps) = cluster_angle;
        cluster_AS = max(AS_Rx_deg(cluster,:)); % Extract cluster AS
        AS_Rx_deg_TGac(cluster,defined_taps) = cluster_AS;
        cluster_AS = max(AS_Tx_deg(cluster,:)); % Extract cluster AS
        AS_Tx_deg_TGac(cluster,defined_taps) = cluster_AS;
    end
    % Update Type_Rx, Type_Tx, and K_factor vectors
    Type_Rx    = Type_Rx(1)*ones(1, size_TGac(2));
    Type_Tx    = Type_Tx(1)*ones(1, size_TGac(2));
    K_factor_dB_TGac = (-100).*ones(1,size_TGac(2));
    K_factor_dB_TGac(1) = K_factor_dB(1); % Model K factor is first element
    % Generate composite PDP (sum tap power across clusters)
    Power_per_angle_TGac_linear = 10.^(Power_per_angle_dB_TGac/10);
    PDP_dB_TGac(1,:) = 10*log10(sum(Power_per_angle_TGac_linear));
    PDP_dB_TGac(2,:) = TGac_times;
    % Replace matrices with interpolated forms
    PDP_dB = PDP_dB_TGac;
    Power_per_angle_dB =  Power_per_angle_dB_TGac;
    AoD_Tx_deg = AoD_Tx_deg_TGac;
    AoA_Rx_deg = AoA_Rx_deg_TGac;
    AS_Tx_deg = AS_Tx_deg_TGac;
    AS_Rx_deg = AS_Rx_deg_TGac;
    K_factor_dB = K_factor_dB_TGac;
end
% End of tap interpolation
Change to Call to “init_Rice”
The following code shall replace the existing call to “init_Rice” and the preceding comments (Line 467-471 in original script). This change is required to support independent rotation of LOS and NLOS components in MU-MIMO models:

% Computation of the Rice steering matrix
% Changed for TGac model -- Dedicated variables for angles rather than
% using first tap of composite angle -- With MU-MIMO, LOS and NLOS paths
% are rotated independently
RiceMatrix = init_Rice(NumberOfTxAntennas, SpacingTx, angle_Tx_LOS_rad, ...
    NumberOfRxAntennas, SpacingRx, angle_Rx_LOS_rad);
Changes to Script Documentation (Optional)
The following are updates to the comments immediately after the function definition, which are displayed as help text if “help IEEE_802_11ac_Cases” is typed at the Matlab command line.

Replacement for Lines 8-17 in original script:
%function [PDP_linear, RTx, RRx, Fading_Type, RiceMatrix, K_factor_dB, ...
%        PathLoss_dB, ShadowFading_dB, DirectionOfMovement_rad, ...
%        AngleAtMobile_deg, ASAtMobile_deg] = ...
%        IEEE_802_11ac_Cases(Connection, ID, CorrelationCoefficientType, ...
%        CarrierFrequency_Hz, NumberOfTxAntennas, SpacingTx, ...
%        NumberOfRxAntennas, SpacingRx, distance_Tx_Rx_m, ...
%        tap_spacing_ns, client_id)
%
% Provides the PDP of the chosen IEEE 802.11ac case, plus
% the spatial correlation properties of the taps in
% the case of a ULA. The I/O variables are listed here after.
New parameter definitions to be appended after Line 38 in original script:

% * Variable tap_spacing_ns, minimum spacing between PDP taps after
%   interpolation of TGn 10ns taps to support channel bandwidths >40 MHz
% * Variable client_id, integer MU-MIMO client index. Determines
%   user-specific pseudorandom offset to be applied to cluster AoA and AoD.
%   Value of zero results in no offset (TGn angles)
Update to Revision History (Line 71 of original script)
% Revision history
%
% June 2009       - Update of original IEEE_802_11_Cases.m script to
%                   support TGac extensions for MU-MIMO and higher channel
%                   bandwidth in compliance with IEEE 802.11-09/0308r5
%                   (Greg Breit)
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Abstract


This contribution details changes to be made to the Matlab script ‘IEEE_802_11_Cases.m’ to support the channel bandwidth expansion and MU-MIMO extensions described in the TGac channel model. 
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