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Waveform Generator Description

Introduction

The proposed IEEE 802.11ac physical layer standard has an enourmous number of different modes and options. In order to reduce the amount of interoperability issues and to assist readers of the specificiation, it has been proposed to add to the standard an implementation of a waveform generator that will be able to generate all the different modes described in the specification.

The proposal and discussions have been posted on the server as document IEEE802.11-11-0295.
Interface description

Input to the waveform generation function

We use command line options to configure transmission; this can give a user flexibility to define various specific transmission configurations or use default values. With the exception of PDU input, all input options are strings. 
The supported configuration options are listed together in Table 1-3 with valid values. These options correspond to the fields defined in TXVECTOR. 

Note: in the following table, x denotes the place-holder for variable value.

PPDU format and transmission bandwidth

Table 1 command options for formats and bandwidth configuration
	Command option name
	String Values

	FORMAT
	'Legacy' (NON_HT)

‘NONHT-DUP’

‘HT_MM’

‘HT_GF’

‘VHT’

Default value is VHT

	BW
	‘BW:x’ x takes value of 

20

40

80         (valid only for VHT)

160       (valid only for VHT)

80+80   (valid only for VHT)

Default value is 80

	MU
	‘MU:x’ x takes value from 

1:4

Valid only for VHT

Default value is 1

	ShortGI
	‘ShortGI:x’, x takes value from

0 normal guard interval

1 short guard interval

	CH_OFFSET
	‘CH_OFFSET:x’, x takes value from

-4, -3, -2, -1, 0, 1, 2, 3, 4

denotes frequency shift with 20MHz step with respect to the carrier centre


PDU 
PDU input is an array of integer numbers. For MU-MIMO mode, each PDU input is sequentially allocated to user from lowest user index (see detailed examples in later section). 
MIMO configuration
Table 2 command options for MIMO configuration

	Command option name
	String Values

	N_tx


	‘N_tx:x’, x takes value from 
1,8

	STBC     
	‘STBC:x’, x takes value from 

0,1 for VHT

	N_ss


	For SU, ‘N_ss:x’, x takes value from 1..8; 

For MU, ‘N_ss:x,x,x,x’, x takes value from 1-4, then number of x equals to the number of user


FEC configuration
Table 3 command options for FEC configuration
	Command option name
	String Values

	MCS
	For SU, ‘MCS:x’, x takes value from

0-7   for NON_HT

0-76 for HT_MM and HT_GF

0-9   for VHT

For MU, ‘MCS:x,x,x,x’, number of x equals to number of users

	LDPC_CODING
	For SU, ‘LDPC_CODING:x’, x takes value from

0, BCC encoding 

1, LDPC encoding

For MU, ‘LDPC_CODING:x,x,x,x’, number of x equals to number of users

	Scram_seed


	For SU, ‘Scram_seed:x’, x takes value between 1 – 127
For MU, ‘Scram_seed: :x,x,x,x’, number of x equals to number of users

	AddCRC


	‘AddCRC:x’, x takes value from 
0: no CRC added

1: add CRC in PDU payload


Output of the waveform generation function

Baseband waveform
The first output of the waveform generation function is a cell array containing baseband waveforms. Each element in the array contains the baseband waveform for one band segment. The maximum number of elements should be 2 for 80+80 bandwidth option. 
Each cell element contains a baseband waveform of a particular segment bandwidth. It has a dimension of Ntx x M, where Ntx denotes the number of Tx antennas, M denotes the number of time-domain samples of the baseband waveform. 

Test-vector structure

The second output of the waveform generation function is a test vector structure, which contains the bits or symbols logged at intermediatory observation points along the transmitter processing chain. In the following, all the fields and sub-fields contained in the test vector structure are explained. 
L_STF field

	Sub-fields name
	Data and format 

	l_stf_t
	Nx2 cell array, each cell element (n,k) contains the 4 us time domain waveform of L-STF fields in nth segment and kth  L-STF field


L_LTF field

	Sub-fields name
	Data and format 

	l_ltf_t
	Nx2 cell array, each cell element (n,k) contains the 4 us time domain waveform of L-LTF fields in nth segment and kth  L-LTF field


L_SIG field

	Sub-fields name
	Data and format 

	l_sig_bits
	Bit sequence of L-SIG field

	l_sig_conv
	Encoded bit sequence of L-SIG field

	l_sig_ilv
	Interleaved bit sequence of L-SIG field

	l_sig_fd
	Symbols carried on 64 sub-carriers 

	l_sig_fbfdtx
	Symbols carried on sub-carriers of the whole bandwidth


V_SIGA field

	Sub-fields name
	Data and format 

	v_siga_bits
	24x2, each column contains the bit sequence of kth VHT-SIGA field

	v_siga_conv
	Encoded bit sequence of VHT-SIGA field

	v_siga_ilv
	Interleaved bit sequence of kth VHT-SIGA field

	v_siga_fd
	Symbols carried on all sub-carriers of kth VHT-SIGA field 


V_STF field

	Sub-fields name
	Data and format 

	v_stf_t
	Nx1 cell array, each cell element contains the 4 us time domain waveform of VHT-STF fields in nth segment and kth  VHT-STF field


L_LTF field

	Sub-fields name
	Data and format 

	v_ltf_t
	NxM cell array, each cell element (n,m) contains the 4 us time domain waveform of VHT-LTF fields in nth segment and mth  L-LTF field

	v_ltf_fd
	NxM cell array, each cell element (n,m) contains the frequency domain signal over the whole band of nth segment and mth VHT-LTF fields


V_SIGB field

	Sub-fields name
	Data and format 

	v_sigb_bits
	Bit sequence of VHT-SIGB field

	v_sigb_crc
	CRC of SIGB field

	v_sigb_conv
	Encoded bit sequence of VHT-SIGB field

	v_sig_ilv
	Interleaved bit sequence of VHT-SIGB field

	v_sig_fd
	Frequency domain signal over the whole band 

	v_sigb_fdsts
	Nsts x N array, each row contains the frequency domain signal over the whole band of a space-time stream


Running the generator

This code has been tested with MATLAB v7.4. If you have any problems running it with different versions of MATLAB please let us know.

Before running

1. You need to unzip the package ieee_tx11ac.zip attached in this document onto a folder X. 

2. With folder X as current folder, you need to run Matlab script build_mex_11ac to compile the mex files
3. To run waveform generator in any folder, you need to include folder X and folder X/parity_ck in the path variable

Generate waveform
The function tx_11ac  generates the baseband waveform. The following example generates the baseband waveform for VHT mode single TX and single stream MCS 120MHz bandwidth baseband waveform. 
Examples: 

%Single user 20MHz VHT transmission

pdu_dat = 1:1000;

[sbb_str, tv_str] = tx_11ac('VHT', 'BW:VHT20M', 'MCS:1', pdu_dat, 'N_ss:1');
%Single user 80+80MHz VHT transmission

pdu_dat = 1:1000;

[sbb_str, tv_str] = tx_11ac('VHT', 'BW:VHT20M', 'MCS:1', pdu_dat, 'N_ss:1');
%Two users 20MHz VHT transmission
pdu_dat_user1 = 1:1000; 
pdu_dat_user2 = 1:1000;

[sbb_str, tv_str] = tx_11ac('MU:2', 'VHT', 'BW:VHT20M', 'MCS:1,2', pdu_dat_user1, pdu_dat_user2, 'N_ss:1,2', 'N_tx:3');
Codes 


[image: image1.wmf]ieee_tx11ac.zip
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ieee_tx11ac/applyLdpcEnc_ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    applyLdpcEnc_ac.m
%    
% AUTHOR
%    
%
% DESCRIPTION
%    LDPC encoder core
%    ---------------------------
%    
%    function [pktEncOut, Nsym] = applyLdpcEnc_ac(bitIn, ldpcPara, cwIdx)
%    bitIn: uncoded binary input: [service_field, data]
%    ldpcPara : LDPC parameters
%    cwIdx: codeword index, for iterative detection and decode
%
% *******************************************************************************/
function [pktEncOut, Nsym] = applyLdpcEnc_ac(bitIn, ldpcPara, cwIdx)

Lldpc = ldpcPara.Lldpc;		Ncw = ldpcPara.Ncw;
Npunc = ldpcPara.Npunc;
vNshrt = ldpcPara.vNshrt;   % 1-by-Ncw, shorten bits for each codeword
vNpunc = ldpcPara.vNpunc;   % 1-by-Ncw, punctured bits for each codeword
vNrepInt = ldpcPara.vNrepInt;	% 1-by-Ncw, repeat the whole codeword
vNrepRem = ldpcPara.vNrepRem;  % 1-by-Ncw, repeat the number of bits
ldpcFileIdx = ldpcPara.FileIdx; % parity file index

K0 = Lldpc * ldpcPara.rate;
Nsym = ldpcPara.Nsym;

% parity check matrix: 802.11n_ldpc_pcm_Prate_Flen.mat
szParityCkFile = sprintf('parity_ck/802_11n_ldpc_pcm_P%1d_%1d.mat', ...
                         ldpcFileIdx.idxRate, ldpcFileIdx.idxCwLen);
load(szParityCkFile);  % parity check matrix: P
G_parity  = P;         % (N-K0)-by-K0, now A*G = 0 (mod 2)

qIn = 0;  % position of the input bits
qOut = 0;  % position of the output bits

if( nargin == 3)  % for iterative detection and decode
    cwBg = cwIdx;  cwEnd = cwIdx;	Nsym = 1;
else
    cwBg = 1;   cwEnd = Ncw;
end
pktEncOut = zeros( Nsym * ldpcPara.Ncbps, 1);

for k = cwBg: cwEnd
    
    % insert shorten bits
    Ninfo = K0 - vNshrt(k); % number of pay-load bits in systematic part
    xInfo = bitIn( qIn + (1:Ninfo));
    temShort = zeros( vNshrt(k), 1);
    xIn = [xInfo(:); temShort(:)];
    xInParity = mod( G_parity * xIn, 2);  % ldpc encode
    
    if( Npunc > 0)			% puncture
        xOutPunc = xInParity( 1: end-vNpunc(k));
        xOut = [xInfo(:); xOutPunc(:)];
        
    else		% repeat
        % discard shortened bits
        xOutShort = [xInfo(:); xInParity(:)];
        
        if( vNrepInt(k))  % number to repeat the whole codeword
            xOutRepInt = kron(ones(vNrepInt(k), 1), xOutShort(:));
        else
            xOutRepInt = [];
        end
        xOutRepRem = xOutShort( 1: vNrepRem(k));
        xOut = [xOutShort; xOutRepInt; xOutRepRem];
    end
    
    pktEncOut(qOut + (1: length(xOut)) ) = xOut;
    
    qIn = qIn + Ninfo;
    qOut = qOut + length( xOut);
end
if( (qOut ~= ldpcPara.Ncbps * Nsym || qOut ~= ldpcPara.Navbits) && (nargin ~= 3))
    error( 'LDPC PPDU encoder output length is not equal to Ncbps*Nsym -- applyLdpcEnc.m');
end

return;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/bcc_encoder.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    bcc_encoder.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    BCC encoder wrapper
%    ---------------------------
%    
%    function [bit_o, N_sym] = bcc_encoder(byte_in, enc_str, scram_seed, N_sym, add_crc_flag, crc_sigb)
%       byte_in : information byte input
%       fec_str : FEC structure
%       .n_dbps : number of total data bits
%       .n_cbps : number of total encoded bits
%       .crate: code rate
%       .n_es   : number of codeblocks
%       .scr_seed : scrambler seed
%
% *******************************************************************************/
function [bit_o, N_sym, tv_bcc] = bcc_encoder(byte_in, enc_str, scram_seed, N_sym, add_crc_flag, crc_sigb, ind_ch_bw)

constants_def;

% fec_str = params.fec_str;

N_es   = enc_str.nes_a;
N_ttailb = 6*N_es;

N_dbps = enc_str.ndbps; 

N_bin  = 8*length(byte_in);
% N_sym  = params.N_sym;

N_pad   = N_sym*N_dbps - (N_bin+16+N_ttailb);

if add_crc_flag
    byte_crc = crc32(byte_in);
else
    byte_crc = byte_in;
end

tv_bcc.bit_info = num2bitsv(byte_crc, 8); 

% -- Encoder parser --

if ~exist('ind_ch_bw', 'var')
    ind_ch_bw = 0;
end;

if (enc_str.enc_type == 1)
    scr_seed = fliplr(num2bitsv(scram_seed,7).');
    % crcsigb_bit = flipud(num2bitsv(crc_sigb,8));
    crcsigb_bit = num2bitsv(crc_sigb,8);
    b_in = [zeros(8,1); crcsigb_bit(:); num2bitsv(byte_crc, 8); zeros(N_pad, 1)];
    % bitscr = scram_ac(b_in, scr_seed, 1);
    bitscr = scram_t(scram_seed, b_in);
    if (ind_ch_bw == 1)
        bitscr(1:7) = scr_seed;
    end;
    bitscr_pblk = [reshape(bitscr, N_es, []), zeros(N_es, 6)];
    tv_bcc.bit_service = [scr_seed, 0, b_in(9:16).'];
else
    b_in = [zeros(16,1); num2bitsv(byte_crc, 8); zeros(N_ttailb, 1); zeros(N_pad, 1)];    
    % bitscr = scram_ac(b_in, scr_seed, 0);
    bitscr = scram_t(scram_seed, b_in);
    bitscr(N_bin + 16 + (1:N_ttailb)) = 0;
    bitscr_pblk = reshape(bitscr, N_es, []);
    tv_bcc.bit_service = b_in(1:16);
end;

tv_bcc.bit_scramin = b_in;
tv_bcc.bit_encodin = bitscr_pblk;

bitenc_pblk = zeros(N_es, 2*size(bitscr_pblk, 2));

for i_blk = 1 : N_es
    bitenc_pblk(i_blk, :) = conve(bitscr_pblk(i_blk, :));    
    % bitenc_pblk(i_blk, :) = reshape(econv(bitscr_pblk(i_blk, :), 1), 1, []);
end;

tmp_enc = bitenc_pblk; 

% need to move the reference to code rate outside the function
switch enc_str.crate(3)
    case '3', % rate 2/3
        tmp_enc(:, 4:4:end) = [];
    case '4', % rate 3/4
        tmp_enc(:, [(4:6:end), (5:6:end)]) = [];
    case '6', % rate 5/6
        tmp_enc(:, [(4:10:end), (5:10:end), (8:10:end), (9:10:end)]) = [];        
end

bit_o = tmp_enc;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/bits2num.c

/* ABP, 12/12/2000
 $Log: bits2num.c,v $
 Revision 1.1  2002/07/03 11:45:09  ap01
 Initial check-in.

 $Id: bits2num.c,v 1.1 2002/07/03 11:45:09 ap01 Exp $

 Mexsol function to convert a row vector containing N bits, MSB first, 
 to the corresponding number
*/

#include <math.h>
#include <stdio.h>
#include <stdarg.h>
#include "mex.h"


static unsigned long n0;
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
	{

	int nin, nout;
	int i, j;
	
	double *pin = NULL, *pcnt = NULL, *pout = NULL;

	if (nrhs != 1) goto Usage;
	if (nlhs >  1) goto Usage;

	nin = mxGetNumberOfElements(prhs[0]);
	if(nin >= 32 || nin <= 0) {
	  mexPrintf("'in' input must be a vector with length between 1 and 32.\n");	  
	  goto Usage;
	}

	pin    = (double *) mxGetPr(prhs[0]);
	plhs[0] = mxCreateDoubleMatrix(1, 1, 0); pout   = (double *) mxGetPr(plhs[0]);

	n0 = 0;
	for(i = 0; i < nin; i++) {n0 = n0 | ((short) pin[i] & 1); n0 <<= 1;}
	*pout = n0 >> 1;


	return;	
	
Usage:
	mexPrintf("Usage: [out] = bits2num(in).\nConverts a row vector containing N bits, MSB first, to the corresponding number\n");
	return;
	
}

/*-------------DISCLAIMER--------------
  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
  entirely at recipient�s sole risk, without any warranties of any kind.  
  CSR does not warrant, without limitation, that the Signal Model is fit for
  recipient�s purpose or do not infringe a third party�s intellectual property rights.
  To the fullest extent permitted by law, CSR shall not be liable for any direct,
  indirect, special, incidental, consequential or punitive damages of any kind
  arising out of the use of the Signal Model.
*/
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ieee_tx11ac/bits2numv.c

/* ABP, 12/12/2000
 $Log: bits2numv.c,v $
 Revision 1.1  2002/07/03 11:45:13  ap01
 Initial check-in.

 $Id: bits2numv.c,v 1.1 2002/07/03 11:45:13 ap01 Exp $

 Mexsol function to convert a bitstream, MSB first, 
 to the corresponding numbers
*/

#include <math.h>
#include <stdio.h>
#include <stdarg.h>
#include "mex.h"


static unsigned long n0;
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
	{

	int nin, nout, sin;
	int i, j, k;
	
	double *pin = NULL, *pcnt = NULL, *pout = NULL;

	if (nrhs != 2) goto Usage;
	if (nlhs >  1) goto Usage;

	nin = mxGetNumberOfElements(prhs[0]);

	sin = mxGetScalar(prhs[1]);
	if(sin >= 32 || nin <= 0) {
	  mexPrintf("'in' input must be a vector with length between 1 and 32.\n");	  
	  goto Usage;
	}

	pin    = (double *) mxGetPr(prhs[0]);


	plhs[0] = mxCreateDoubleMatrix(nin/sin, 1, 0); pout   = (double *) mxGetPr(plhs[0]);

	

	k = 0;

	for (j = 0; j < nin/sin; j++){
	  n0 = 0;
	  for(i = 0; i < sin; i++) {n0 = n0 | ((short) pin[k++] & 1); n0 <<= 1;}
	  *pout++ = n0 >> 1;
	}


	return;	
	
Usage:
	mexPrintf("Usage: [out] = bits2numv(in, size).\nConverts a bitstream, MSB first, to the corresponding numbers\n");
	return;
	
}

/*-------------DISCLAIMER--------------
  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
  entirely at recipient�s sole risk, without any warranties of any kind.  
  CSR does not warrant, without limitation, that the Signal Model is fit for
  recipient�s purpose or do not infringe a third party�s intellectual property rights.
  To the fullest extent permitted by law, CSR shall not be liable for any direct,
  indirect, special, incidental, consequential or punitive damages of any kind
  arising out of the use of the Signal Model.
*/
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ieee_tx11ac/build_mex_11ac.m

mex num2bitsv.c

mex itu_crc32.c

mex bits2numv.c

mex bits2num.c

mex econv.c

mex scram_t.c
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/constants_def.m

%/*******************************************************************************

% *  Copyright (C) Cambridge Silicon Radio Ltd 2006

%

% FILE

%    wlan_const_set.m

%    

% AUTHOR

%    Fei Tong

%

% DESCRIPTION

%    WLAN transmitter constants and enumerates definition

%    ---------------------------

% *************************************************************************



% CP LENGTH ENUMERATOR

E_LONG_CP  = 0;

E_SHORT_CP = 1;



% PPDU FORMAT ENUMERATES

E_NON_HT = 0; % Legacy 

E_NON_HT_DUP = 10; 

E_HT_MF  = 1; %

E_HT_GF  = 2; 

E_VHT    = 3; % VHT



% TX FORMAT ENUMERATOR

% used to index the configuration depandent parameter table

E_LEG20M    = 1;

E_HT20M     = 2;

E_HT40M     = 3; 

E_VHT20M    = 4;

E_VHT40M    = 5; 

E_VHT80M    = 6;

E_VHT160M   = 7;

E_VHT80P80M = 8;



% % CHANNEL BANDWIDTH

HT_CBW20 = 0;

HT_CBW40 = 1;

HT_CBW80 = 3;

HT_CBW80P80 = 4;

HT_CBW160 = 5;



NON_HT_CBW20  = 10;  % all other non-HT formats

NON_HT_CBW40  = 11;  % 40M duplicate

NON_HT_CBW80  = 13;  % 80M duplicate

NON_HT_CBW160 = 15; % 160M duplicate



% RX vectors update stages

E_SYNC = 0;

E_LSIG = 1;

E_FRMT = 2;

E_VSIGA= 3;

E_VSIGB= 4;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/conve.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    conve.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Rate 1/2 convolutional encoder
%    
%    function co = conve(ci);
%
%
% MODIFICATIONS
%     $Log: conve.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: conve.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function co = conve(ci);

%t = poly2trellis(7, [133 171]);
%co = convenc(ci, t);
co = econv(ci, 1);
co = co(:)';
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/crc32.m

% Hiperlan/2 -- CRC32 insertion
% ABP, 04/06/2001
% $Log: crc32.m,v $
% Revision 1.1.4.1  2006/12/05 14:42:58  ws01
% *** empty log message ***
%
% Revision 1.1  2002/07/03 11:26:44  ap01
% Initial check-in.
%
% $Id: crc32.m,v 1.1.4.1 2006/12/05 14:42:58 ws01 Exp $
%
% ou = crc32(in)
%
% in - a vector of N bytes
% ou - the input vector, with the last four values replaced by CRC32 bytes

function ou = crc32(in)
% Insert CRC32

ou = in(1:end-4);
a = num2bitsv(ou, 8);
%poly = 1627; % hex2dec('065B');
poly = hex2dec('04C11DB7');

% m=2^32-1;
% for k=1:size(a)
%   b = bitxor(fix(m/2^31), a(k)); %b = bitxor(bitget(m,32), a(k));
%   m = bitxor(bitshift(m,1,32), poly*b);
%   %s=sprintf('State: %08X, Bit In was: %d, xor was: %d', m, a(k), b); disp(s)
% end;
% m = bitxor(m, 2^32-1);

m = itu_crc32( a, hex2dec('ffffffff'));

if size(in,1) ==1
  ou = [ou fix(m/2^24) bitand(fix(m/2^16),255) bitand(fix(m/256),255) bitand(m,255)];
else
  %ou = [ou' fix(m/2^24) bitand(fix(m/2^16),255) bitand(fix(m/256),255) bitand(m,255)]';
  ou = [ou(:).' fix(m/2^24) bitand(fix(m/2^16),255) bitand(fix(m/256),255) bitand(m,255)]';
end;

%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/crc8.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    crc8.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    CRC-8 used in HT-SIG
%
%    function ou = crc8(in)
%
%
%
% MODIFICATIONS
%     $Log: crc8.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: crc8.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function ou = crc8(in)

poly = hex2dec('7');

m=2^8-1;

a = in;
for k=1:length(a)
  b = bitxor(fix(m/2^7), a(k)); %b = bitxor(bitget(m,32), a(k));
  m = bitxor(bitshift(m,1,8), poly*b);
  %s=sprintf('%2d - State: %02X, Bit In was: %d, xor was: %d', k, m, a(k), b); disp(s)
end;

ou = bitxor(m, 2^8-1);


%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/cshifts.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    cshifts.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Cyclic shifts
%    function cs = cshifts(N, htpart)
% 
%    Returns row vector of cyclic shifts in ns
% 
%    For non-HT part, if <htpart> = 0
%    For HT     part, if <htpart> = 1
%
%
% MODIFICATIONS
%     $Log: cshifts.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: cshifts.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function cs = cshifts(N, htpart)

if htpart
    % -- Per space-time stream cyclic shift in HT part --
    switch N
        case 1, cshift = [0];
        case 2, cshift = [0 -400];
        case 3, cshift = [0 -400 -200];
        case 4, cshift = [0 -400 -200 -600];
        case 5, cshift = [0 -400 -200 -600 -350];
        case 6, cshift = [0 -400 -200 -600 -350 -650];
        case 7, cshift = [0 -400 -200 -600 -350 -650 -100];
        case 8, cshift = [0 -400 -200 -600 -350 -650 -100 -750];
        otherwise, error('too many tx chains');
    end
else
    % -- Per Tx cyclic shift --
    switch N
        case 1, cshift = [0];
        case 2, cshift = [0 -200];
        case 3, cshift = [0 -100 -200];
        case 4, cshift = [0 -50  -100 -150];
        case 5, cshift = [0 -175 -25  -50  -75];
        case 6, cshift = [0 -200 -25  -150 -175 -125];
        case 7, cshift = [0 -200 -150 -25  -175 -75  -50];
        case 8, cshift = [0 -175 -150 -150 -25  -100 -50 -200];
        otherwise, error('too many tx chains');
    end
end

cs = cshift';

%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/econv.c

#include <math.h>
#include <stdio.h>
#include <stdarg.h>
#include "mex.h"


static unsigned short state;
static short x, y;
static void cenc(bit_in){
	x = (bit_in & 1) ^ 
		((state & (1 << 0)) ? 1 : 0) ^
		((state & (1 << 1)) ? 1 : 0) ^
		((state & (1 << 3)) ? 1 : 0) ^
		((state & (1 << 4)) ? 1 : 0)
		;
	y = (bit_in & 1) ^ 
		((state & (1 << 0)) ? 1 : 0) ^
		((state & (1 << 3)) ? 1 : 0) ^
		((state & (1 << 4)) ? 1 : 0) ^
		((state & (1 << 5)) ? 1 : 0)
		;
	state = (state >> 1) | ((bit_in & 1) << 5);
}

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
	{

	int nin, nout;
	int i, j;
	
	double *pin = NULL, *pcnt = NULL, *pout = NULL;

	if (nrhs != 2) goto Usage;
	if (nlhs >  1) goto Usage;

	if((nin = mxGetNumberOfElements(prhs[0])) > 600000L) {
	  mexPrintf("The input vector is too long.\n");
	  goto Usage;
	}

	if(nin) {
	  plhs[0] = mxCreateDoubleMatrix(2, nin, 0); pout   = (double *) mxGetPr(plhs[0]);
	}

	pin    = (double *) mxGetPr(prhs[0]);


	if(mxGetScalar(prhs[1])) state = 0;
	for(i = 0; i < nin; i++) {
		if(i < nin) cenc((short) pin[i]);
		else        cenc((short) 0);

		pout[2 * i]     = (double) x;
		pout[2 * i + 1] = (double) y;
	}

	return;	
	
Usage:
	mexPrintf("Usage: [out] = scram(count, in).\nIf count == -1, the scrambler state is not initialised.\n");
	return;
	
}

/*-------------DISCLAIMER--------------
  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
  entirely at recipient�s sole risk, without any warranties of any kind.  
  CSR does not warrant, without limitation, that the Signal Model is fit for
  recipient�s purpose or do not infringe a third party�s intellectual property rights.
  To the fullest extent permitted by law, CSR shall not be liable for any direct,
  indirect, special, incidental, consequential or punitive damages of any kind
  arising out of the use of the Signal Model.
*/






ieee_tx11ac/econv.mexw32





ieee_tx11ac/fcycdel.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    fcycdel.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    function vo = fcycdel(vi, n)
%
%    Cyclic shift [delay] in frequency domain, by n samples
%    n is column vector of delays, vi is matrix with 
%    freq domain N_sts or N_tx lines of length NFFT
%
%
% MODIFICATIONS
%     $Log: fcycdel.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: fcycdel.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function vo = fcycdel(vi, n)

global txvector output_rate;

[nr, nvi] = size(vi);
NFFT     = output_rate/20*64; % FFT length

vitemp = zeros(nr, NFFT);
%if (txvector.CH_OFFSET == 1)
%    vitemp(NFFT/2+1:NFFT/2+nvi) = vi;
%elseif (txvector.CH_OFFSET == 2)
%    vitemp(NFFT/2-nvi+1:NFFT/2) = vi;
%else
    vitemp(:, NFFT/2-nvi/2+1:NFFT/2) = vi(:, 1:nvi/2);
    vitemp(:, NFFT/2+1:NFFT/2+nvi/2) = vi(:, nvi/2+1:end);
%end
vi = vitemp;

vk = (1:NFFT) - 1;
vk = vk - NFFT / 2;

% keyboard
vo = vi.*exp(-j*2*pi*n*vk/NFFT);

%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/fd2td_g.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    fd2td_g.m
%    
% AUTHOR
%    Andrei Popescu
%    modified by Fei Tong
%
% DESCRIPTION
%    802.11n/ac transmit simulation
%    ---------------------------
%    
%    Frequency domain to time domain conversion 
%    IDFT and time windowing, supporting up to 160MHz
%
%    function dto = fd2td_g(df, gi_short, params)
%
% *******************************************************************************/

function dto = fd2td_g(df, gi_short, params)

NFFT = params.BSS_NFFT;

N_tx = params.N_tx;

[nr, nf] = size(df);

% zeros padding and shift
if (nf ~= NFFT) % nf must be smaller than NFFT
    ftemp = zeros(nr,NFFT);
    ftemp(:, 1:nf/2) = df(:, nf/2+1:end);
    ftemp(:, NFFT-nf/2+1:NFFT) = df(:, 1:nf/2);
else 
    ftemp = ifftshift(df,2);
end

dt = ifft(ftemp, [], 2)*NFFT;

if params.FFTSat
    % saturate IFFT output to the 8-bit range in the RTL implementation        
    tscaled = [real(dt) imag(dt)];
    ind     = find(abs(tscaled) > 128);
        
    tscaled(ind) = 128 * sign(tscaled(ind));
    dt = (tscaled(:, 1:end/2) + 1i*tscaled(:, end/2+1:end))/scale;
end

% -- insert cyclic prefix and windowing --
if gi_short
    cp_len = NFFT/8;
else
    cp_len = NFFT/4;
end;

symb_len = NFFT + cp_len;

dt_cp = [dt(:, (end-cp_len+1):end) dt];

if params.App_Win
    dta = [dt_cp((-NFFT+1:0)+NFFT) dt_cp dt_cp((symb_len+1:symb_len+NFFT) - NFFT)];
    w = params.WINDOW;
    tneg = params.WTINDEX(1);
    dto = dta(NFFT+1+tneg:NFFT+tneg+length(w)) .* w;
else
    % w = ones(N_tx, 1) *filter(params.WINDOWF, 1, [ones(1, symb_len) zeros(1, 10)]);
    w = ones(N_tx, 1) * filter(params.WINDOWF, 1, [ones(1, symb_len) zeros(1, 1)]);
    dta = [dt_cp dt_cp(:,end-NFFT+(1:length(w)-length(dt_cp)))];
    dto  = dta.*w;
end
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/interleave_ac.m

%/*******************************************************************************

% *  Copyright (C) Cambridge Silicon Radio Ltd 2006

%

% FILE

%    interleave_ac.m

%

% AUTHOR

%    Andrei Popescu

%

% DESCRIPTION

%    802.11n transmit simulation (Extended to support 11ac)

%    ---------------------------

%

%    Frequency Interleaver:

%

%    function symbi = interleave_ac(symb, i_ss, N_bpsc, modtype)

%

%

%

% MODIFICATIONS

%     $Log: interleave.m,v $

%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01

%     *** empty log message ***

%

%

%     $Id: interleave.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $

%     

%

% *******************************************************************************/



function symbi = interleave_ac(symb, i_ss, N_bpsc, modtype, N_ss)

% global consts params txvector



persistent IMAT

if isempty(IMAT), load Interleave_matrices_ac; end



if ~exist('N_ss','var')

    N_ss = 4;

end;



% -- Constants --



% IlvTypes 1 = 20 M legacy, 2 = 20 MHz HT, 3 = 40 MHz HT, 4 = 80 MHz HT

ModtypeNames      = {'LEG20M', 'HT20M', 'HT40M', 'HT80M'};

% Maxss_per_bwtype  = [       1,       4,       4,       4];

Nsd_per_bwtype    = [      48,      52,     108,     234];

% N_col_per_bwtype  = [      16,      13,      18,      26];

% N_rot_per_bwtype  = [       0,      11,      29,      58];

MODULATION_TYPES  = {'BPSK', 'QPSK', '', '16QAM', '', '64QAM', '', '256QAM'};



N_cbpss = Nsd_per_bwtype(modtype) * N_bpsc;



if N_ss<=4

    mname = sprintf('IMAT.Interleave_%s_%s_SS%d', ModtypeNames{modtype}, MODULATION_TYPES{N_bpsc}, i_ss);

else

    mname = sprintf('IMAT.Interleave_%s_%s_gt4_SS%d', ModtypeNames{modtype}, MODULATION_TYPES{N_bpsc}, i_ss);

end

eval(sprintf('deinterleaver = %s;', mname));



interleaver(deinterleaver) = (1:N_cbpss);

if (size(symb,1)>1)

    symbi = symb(interleaver,:);

else

    symbi = symb(interleaver); symbi = symbi(:);

end
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.
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ieee_tx11ac/itu_crc32.c

/* ABP, 12/12/2000
 $Log: crc32c.c,v $
 Revision 1.1  2002/07/03 11:45:34  ap01
 Initial check-in.

 $Id: crc32c.c,v 1.1 2002/07/03 11:45:34 ap01 Exp $

 Mexsol function to compute CRC32 
*/

#include <math.h>
#include <stdio.h>
#include <stdarg.h>
#include "mex.h"

static unsigned long n0;
void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
{

	int nin;
	unsigned int CRC, crc_in;
	unsigned m = 0x0ffffffff;
	unsigned bitIn, b, temA;
	unsigned prodLow;
	const unsigned long POLY = 0x04C11DB7;
	int i;
	
	double *pin = NULL, *pout = NULL;

	if (nrhs != 2) goto Usage;
	if (nlhs >  1) goto Usage;

	nin = mxGetNumberOfElements(prhs[0]);
	if(nin >= 5000000L || nin <= 0) {
	  mexPrintf("Bad input vector length.\n");	  
	  goto Usage;
	}
	pin = mxGetPr(prhs[0]);

	if(mxGetNumberOfElements(prhs[1]) != 1) {
	  mexPrintf("Bad input CRC.\n");	  
	  goto Usage;
	}

	plhs[0] = mxCreateDoubleMatrix(1, 1, 0);
	pout = mxGetPr(plhs[0]);

	crc_in = (unsigned int) *mxGetPr(prhs[1]);


	/* b=(m>>31) | a; temA = m<<1; temB=poly*b; m=temA | temB */
	for( i=0; i<nin; i++)
	{
		bitIn = (unsigned)(*(pin++));
		b = (m >> 31) ^ bitIn;
		temA = m << 1;
		prodLow = b * POLY;			
		m = prodLow ^ temA;
	}
	CRC = m ^ crc_in;
	*pout = CRC;

	return;
Usage:
	mexPrintf("Usage: [out] = itu_crc323(in, CRC_in). \n");
	return;
	
}


/*-------------DISCLAIMER--------------
  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
  entirely at recipient�s sole risk, without any warranties of any kind.  
  CSR does not warrant, without limitation, that the Signal Model is fit for
  recipient�s purpose or do not infringe a third party�s intellectual property rights.
  To the fullest extent permitted by law, CSR shall not be liable for any direct,
  indirect, special, incidental, consequential or punitive damages of any kind
  arising out of the use of the Signal Model.
*/
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ieee_tx11ac/ldpc_encoder.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    ldpc_encoder.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    LDPC encoder wrapper
%    ---------------------------
%    
%    function [bit_o, n_sym] = ldpc_encoder(byte_in, enc_str, scram_seed, add_crc_flag, crc_sigb)
%       byte_in : information byte input
%       fec_str : FEC structure
%       .n_dbps : number of total data bits
%       .n_cbps : number of total encoded bits
%       .crate: code rate
%       .n_es   : number of codeblocks
%       .scr_seed : scrambler seed
%
% *******************************************************************************/
function [bit_o, n_sym] = ldpc_encoder(byte_in, enc_str, scram_seed, add_crc_flag, crc_sigb, ind_ch_bw)

constants_def;

if add_crc_flag
    byte_crc = crc32(byte_in);
else
    byte_crc = byte_in;
end

if ~exist('ind_ch_bw', 'var')
    ind_ch_bw = 0;
end;

if (enc_str.enc_type)
    crcsigb_bit = flipud(num2bitsv(crc_sigb,8));
    b_in = [zeros(8,1); crcsigb_bit(:); num2bitsv(byte_crc, 8)];
    bitscr = scram_t(scram_seed, b_in);
    scr_seed = num2bitsv(scram_seed, 7).';
    if (ind_ch_bw == 1)
        bitscr(1:7) = scr_seed;
    end;
else 
    b_in = [zeros(16,1); num2bitsv(byte_crc, 8)];
    bitscr = scram_t(scram_seed, b_in);
end;

% ldpc_para = ldpc_encpara_g(length(b_in) - 16, enc_str, m_stbc);
ldpc_para = enc_str.ldpc_para;

[bit_o, n_sym] = applyLdpcEnc_ac(bitscr, ldpc_para);
bit_o = reshape(bit_o, 1, []);
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/ldpc_encpara_g.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    ldpc_encoder.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    LDPC encoder wrapper
%    ---------------------------
%    
%    function ldpcPara = ldpc_encpara_g(bit_len, fec_str, m_stbc)
%       bit_in : information byte input
%       fec_str : FEC structure
%       .n_dbps : number of total data bits
%       .n_cbps : number of total encoded bits
%       .crate: code rate
%       .n_es   : number of codeblocks
%       .scr_seed : scrambler seed
%       m_stbc  : number of STBC
% *******************************************************************************/
function ldpcPara = ldpc_encpara_g(bit_len, fec_str, m_stbc)
% ---------------------------------------------------------------------------------------------------------------------
% COMMERCIAL IN CONFIDENCE
% Copyright (c) 2008, CSR Ltd. All rights reserved.
% ---------------------------------------------------------------------------------------------------------------------
%
% byteLen: number of bytes
% mcsIdx: modulation and coding scheme
% stbc: can be 2, 1, 0
% bw40: occupy 40M bandwidth => 1, otherwise 0
%
% ldpcPara: struct of ldpc parameters
% FileIdx: file index to the parity check matrix

if (m_stbc~=0)
    m_stbc = 2; 
else
    m_stbc = 1;
end;

rate  = fec_str.raten;
Ndbps  = fec_str.ndbps;
Ncbps  = fec_str.ncbps;

% a) Compute the number of available bits
Npld = bit_len + 16;
tem = Npld / (Ndbps * m_stbc);
Navbits = Ncbps * m_stbc * ceil(tem);

% b) Compute the integer number of LDPC codewords to be transmitted
[Lldpc, Ncw, FileIdx] = getEncPara( Navbits, Npld, rate);
K0 = Lldpc * rate;

% c) Compute nubmer of shortening bits
tem = Ncw * Lldpc * rate - Npld;
Nshrt = max(0, tem);       vNshrt = zeros(1, Ncw);

if( Nshrt > 0)
    Nspcw = floor( Nshrt / Ncw);
    Nsp1 = rem( Nshrt, Ncw); % set bit index (k-Nspcw-1 : k-1) to zero
    vNshrt(1: Nsp1) = Nspcw + 1;
    vNshrt(Nsp1+1 : Ncw) = Nspcw; % set bit index (k-Nspcw : k-1) to zero
end

vCwLen = Lldpc - vNshrt;

% d) Compute bit to be punctured
tem = (Ncw * Lldpc) - Navbits - Nshrt;
Npunc = max( 0, tem);

temA = 0.1 * Ncw * Lldpc * (1-rate);
temB = 1.2 * Npunc * (rate /(1-rate));
temC = 0.3 * Ncw * Lldpc *(1-rate);

if( ( (Npunc > temA) && (Nshrt < temB)) || (Npunc > temC))
    Navbits = Navbits + Ncbps * m_stbc;
    tem = (Ncw * Lldpc) - Navbits - Nshrt;
    Npunc = max( 0, tem);
end

Nppcw = floor( Npunc/ Ncw);   vNpunc = zeros(1, Ncw);
Nsym = Navbits / Ncbps;

if (Npunc > 0)
    Npp1 = rem( Npunc, Ncw);  % discard parity bits: (n-k-Nppcw-1 : n-k-1)
    vNpunc(1: Npp1) = Nppcw + 1;
    vNpunc(Npp1+1 : Ncw) = Nppcw; % discard parity bits: (n-k-Nppcw : n-k-1)
    
    vCwLen = vCwLen - vNpunc;
end

% e) Compute number of coded bits to be repeated, valid only when Npunc==0
tem = Navbits - (Ncw * Lldpc * (1-rate)) - Npld;
Nrep = max(0, round(tem));
vNrepInt = zeros(1, Ncw);  vNrepRem = zeros(1, Ncw);

if( Npunc == 0 && Nrep > 0)
    repBit = floor( Nrep / Ncw);  % repeat bits for each codeword
    Np1 = rem( Nrep, Ncw);  % one more bits should be repeated
    
    vRep = ones(1, Ncw) * repBit;
    vRep(1:Np1) = repBit + 1;  % 1-by-Ncw, repeat bits for each codeword
    
    vNrepInt = floor( vRep ./ vCwLen);
    vNrepRem = vRep - vNrepInt .* vCwLen;
    
    vCwLen = vCwLen + vRep;
end

ldpcPara.Lldpc = Lldpc;        ldpcPara.Ncw = Ncw;
ldpcPara.Nsym = Nsym;          ldpcPara.Ncbps = Ncbps;
ldpcPara.Navbits = Navbits;    ldpcPara.K0 = K0;
ldpcPara.rate = rate;

ldpcPara.Nshrt = Nshrt;        ldpcPara.Npunc = Npunc;
ldpcPara.Nrep = Nrep;

% the following vectors are 1-by-Ncw
ldpcPara.vNshrt = vNshrt;  % Nspcw for each codeword:
ldpcPara.vNpunc = vNpunc;     % Nppcw for each codeword
ldpcPara.vNrepInt = vNrepInt; % repeat number of the whole codeword
ldpcPara.vNrepRem = vNrepRem; % repeat number of bits in a codeword

ldpcPara.vCwLen = vCwLen;   % codeword length after discard shorten bits, punc or repeat

ldpcPara.FileIdx = FileIdx;
return;


function [Lldpc, Ncw, FileIdx] = getEncPara( Navbits, Npld, rate)
% Table20-15: PPDU encoding parameters
% Lldpc: LDPC codeworklength
% Ncw: number of LDPC codewords
% FileIdx: index of generating matrix
%    FileIdx.idxCwLen: index of codeword length: [648, 1296, 1944] => [1, 2, 3]
%    FileIdx.idxRate: index of rate: [1/2, 2/3, 3/4, 5/6] => [1, 2, 3, 4]
% Npld: number of bits int ehPSDU and SERVICE field

if( Navbits <= 648)
    Ncw = 1;
    tem = Npld + 912*(1-rate);
    if( Navbits >= tem)
        Lldpc = 1296;
    else
        Lldpc = 648;
    end
    
elseif( Navbits <= 1296)
    Ncw = 1;
    tem = Npld + 1464*(1-rate);
    if( Navbits >= tem)
        Lldpc = 1944;
    else
        Lldpc = 1296;
    end
    
elseif( Navbits <= 1944)
    Ncw = 1;
    Lldpc = 1944;
    
elseif( Navbits <= 2592)
    Ncw = 2;
    tem = Npld + 2916*(1-rate);
    if( Navbits >= tem)
        Lldpc = 1944;
    else
        Lldpc = 1296;
    end
    
else  % Navbits > 2592
    Ncw = ceil( Npld / (1944 * rate));
    Lldpc = 1944;
end

switch( Lldpc)
    case 648,   FileIdx.idxCwLen = 1;
    case 1296,  FileIdx.idxCwLen = 2;
    case 1944,  FileIdx.idxCwLen = 3;
    otherwise,  error('unknown codeword length');
end

% rate: 1/2, 2/3, 3/4, 5/6
rateScale = rate * 12;
switch( rateScale)
    case 6,     FileIdx.idxRate = 1;
    case 8,     FileIdx.idxRate = 2;
    case 9,     FileIdx.idxRate = 3;
    case 10,    FileIdx.idxRate = 4;
end

return;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.
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%*************************************************************************

% * Copyright (C) Cambridge Silicon Radio Ltd 2011

%

% FILE

%   mcs_tbl_ac.m

%    

% AUTHOR

%   Fei Tong

%

% DESCRIPTION

%   MCS table for 11ac and legacy

%   ---------------------------

%    

%   function mcs_tbl = mcs_tbl_ac(bw_typ, n_ss)

%   bw_typ  : bandwidth 

%   n_ss    : number of spatial streams

% ***********************************************************************/



function mcs_tbl = mcs_tbl_ac(bw_typ, n_ss)



constants_def;



max_blksize = 2160;

%           N_BPSCS, R, 

mcs_type_ac = ...

           [1,      1,   2; ... 

            2,      1,   2; ...

            2,      3,   4; ...

            4,      1,   2; ...

            4,      3,   4; ...

            6,      2,   3; ...

            6,      3,   4; ...

            6,      5,   6; ...

            8,      3,   4; ...

            8,      5,   6];

mcs_type_a  = ...

           [1,      1,   2; ... 

            1,      3,   4; ...

            2,      1,   2; ...

            2,      3,   4; ...

            4,      1,   2; ...

            4,      3,   4; ...

            6,      2,   3; ...

            6,      3,   4];

        

switch bw_typ

    case E_LEG20M

        N_sd = 48;

        mcs_type = mcs_type_a;

        n_ss = 1;

    case E_VHT20M

        N_sd = 52;

        mcs_type = mcs_type_ac;

    case E_VHT40M

        N_sd = 108;

        mcs_type = mcs_type_ac;

    case E_VHT80M

        N_sd = 234; 

        mcs_type = mcs_type_ac;

    case E_VHT160M

        N_sd = 468; 

        mcs_type = mcs_type_ac;

    case E_VHT80P80M

        N_sd = 468;

        mcs_type = mcs_type_ac;

end;



% Nbpscs, Nsd, Ncbps, Ndbps, Nes, Cr(den), Cr(nom)

mcs_tbl = zeros(size(mcs_type,1), 8);

mcs_tbl(:, 2) = N_sd;

mcs_tbl(:, 6) = mcs_type(:,2);

mcs_tbl(:, 7) = mcs_type(:,3);

mcs_tbl(:, 8) = 1; % 0: NA 1: valid

for i_mcs = 1 : size(mcs_type,1)

    mcs_tbl(i_mcs, 1) = mcs_type(i_mcs, 1);    

    mcs_tbl(i_mcs, 3) = N_sd * mcs_type(i_mcs, 1)*n_ss;

    mcs_tbl(i_mcs, 4) = mcs_tbl(i_mcs, 3)*mcs_type(i_mcs, 2)/mcs_type(i_mcs, 3);

    N_es = ceil(mcs_tbl(i_mcs, 4)/max_blksize);

    mcs_tbl(i_mcs, 5) = N_es;

    if (mod(mcs_tbl(i_mcs, 4), N_es)~=0)||(mod(mcs_tbl(i_mcs, 3), N_es)~=0)

    % if (mod(mcs_tbl(i_mcs, 4), N_es)~=0)

        mcs_tbl(i_mcs, 8) = 0;

    end;

%     mcs_tbl(i_mcs, :)

end;




%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.
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/* ABP, 12/12/2000
 $Log: num2bitsv.c,v $
 Revision 1.1.4.1  2006/12/05 13:53:15  ws01
 *** empty log message ***

 Revision 1.1  2002/07/03 11:46:21  ap01
 Initial check-in.

 $Id: num2bitsv.c,v 1.1.4.1 2006/12/05 13:53:15 ws01 Exp $

 Mexsol function to convert a sequence of numbers to a vector
 with their bits, MSB first.
*/

#include <math.h>
#include <stdio.h>
#include <stdarg.h>
#include "mex.h"


static unsigned long ninp;

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
	{

	int nin, nout, sin;
	int i, j, k;

	double *pin = NULL, *pcnt = NULL, *pout = NULL;

	if (nrhs != 2) goto Usage;
	if (nlhs >  1) goto Usage;

	if((sin = mxGetNumberOfElements(prhs[0])) > 262144-1){
	   mexPrintf("Input vector is too large");
	   goto Usage;
	}

	pin     = mxGetPr(prhs[0]);
	nin     = *(double *) mxGetPr(prhs[1]);
	if(nin > 32) nin = 32;
	if(nin <  1) nin =  1;

	plhs[0] = mxCreateDoubleMatrix(nin * sin, 1, 0); pout   = (double *) mxGetPr(plhs[0]);

        k = 0;
        for(j = 0; j < sin; j++){
           ninp = pin[j];
           for(i = 0; i < nin; i++) {pout[k++] = (ninp & (1 << (nin - 1))) ? 1 : 0; ninp <<= 1;}
        }

	return;

Usage:
	mexPrintf("Usage: [out] = num2bitsv(in, N).\nConverts 'in' to a bitstream, N bits per value, MSB first.\n");
	return;

}

/*-------------DISCLAIMER--------------
  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
  entirely at recipient�s sole risk, without any warranties of any kind.  
  CSR does not warrant, without limitation, that the Signal Model is fit for
  recipient�s purpose or do not infringe a third party�s intellectual property rights.
  To the fullest extent permitted by law, CSR shall not be liable for any direct,
  indirect, special, incidental, consequential or punitive damages of any kind
  arising out of the use of the Signal Model.
*/
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ieee_tx11ac/ofdmsym_11ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    tx_11ac.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    11ac transmitter wrapper
%    ---------------------------
%    
%    function [osym_t, tv_str] = ofdmsym_11ac(txvector, params, consts, tv_str)
% 
%    osym_t : n_seg x n_sym cells
%             each cell contains n_tx x n_sample time domain waveform
%
% *******************************************************************************/
function [osym_t, tv_str] = ofdmsym_11ac(txvector, params, consts, tv_str)

constants_def;

% global params txvector; 
n_tx  = params.N_tx;
NFFT  = params.NFFT;
n_20  = params.N_20M;
Gamma = params.Gamma;
TSAMP = params.TSAMP;
n_sd  = params.N_sd;
nss_tot = sum(params.N_ss);

% data ofdm symbol generation
qam_pss = zeros(nss_tot, params.N_sd, params.N_sym);
idx_ss  = 0;
bit_enc = cell(1,txvector.N_UE);

bitss_out = cell(1,txvector.N_UE);
bitilv_out = cell(1,txvector.N_UE);
qampss_out = cell(1,txvector.N_UE);

for i_ue = 1 : txvector.N_UE
    n_bpscs = params.MCSCODE(i_ue).mods;
    n_ss    = txvector.N_ss(i_ue);
    if (txvector.LDPC_CODING(i_ue) == 0)
        [bit_enc{i_ue}, n_sym, tv_bcc] = bcc_encoder(txvector.DATA{i_ue}, params.MCSCODE(i_ue), params.scram_seed, params.N_sym, txvector.ADD_CRC, params.crc_sigb(i_ue), txvector.IND_CH_BW);
        tv_str.V_DAT.tv_bcc{i_ue} = tv_bcc;
    else
        [bit_enc{i_ue}, n_sym] = ldpc_encoder(txvector.DATA{i_ue}, params.MCSCODE(i_ue), params.scram_seed, txvector.ADD_CRC, params.crc_sigb(i_ue), txvector.IND_CH_BW);
    end;
    % stream parser
    bit_pss = stream_parser(bit_enc{i_ue}, n_bpscs, n_ss);
    
    bitss_out{i_ue} = bit_pss;
    
    % segment parser
    if (txvector.FORMAT == E_VHT)&&(n_sd == 468)
        for i_ss = 1 : length(bit_pss)
            temp = reshape(bit_pss{i_ss}, params.N_sd*n_bpscs(i_ss), n_sym);
            bit_pss{i_ss} = temp(params.idx_segp{i_ue}, :);
        end;
    end
    
    % interleaver
    bitintlv_pss = cell(n_ss,1);
    qam_tmp = zeros(n_ss, params.N_sd*params.N_sym);
    for i_ss = 1 : n_ss
        if (params.N_20M*params.N_bwseg<=4)||((txvector.FORMAT ~= E_VHT))
            bitblock = reshape(bit_pss{i_ss}, params.N_sd*n_bpscs(i_ss), n_sym);
        else
            bitblock = reshape(bit_pss{i_ss}, params.N_sd*n_bpscs(i_ss)/2, 2*n_sym);
        end;
        if txvector.LDPC_CODING(i_ue) == 0
            % [bitintlv_pss{i_ss}, idx_intlv] = intlv_11ac;
            bitintlv_pss{i_ss} = interleave_ac(bitblock, i_ss-1, n_bpscs(i_ss), params.MCSCODE(i_ue).idx_intlvtbl, params.N_ss);
        else
            bitintlv_pss{i_ss} = bitblock;
        end;
        qam_tmp(i_ss,:) = qam_map_g(reshape(bitintlv_pss{i_ss}, 1,[]), n_bpscs(i_ss));
    end;  
    
    bitilv_out{i_ue} = bitintlv_pss; 
    
    qam_tmp = reshape(qam_tmp, n_ss, params.N_sd, params.N_sym);
    % tone mapping
    if (txvector.FORMAT == E_VHT) && (txvector.LDPC_CODING(i_ue) == 1)
        qam_tmp = tone_mapping_11ac(qam_tmp, params.D_tm, params.N_sd);
    end;
    
    qampss_out{i_ue} = qam_tmp;
    
    qam_pss(idx_ss + (1:n_ss), :, :) = qam_tmp;
    idx_ss = idx_ss + n_ss;
end;

% log into test vector
tv_str.V_DAT.bit_conv = bit_enc;
tv_str.V_DAT.bit_pss  = bitss_out;
tv_str.V_DAT.bit_ilv  = bitilv_out;
tv_str.V_DAT.qam_pss  = qampss_out;

if isfield(txvector, 'Nsts_ue')
    n_sts = sum(txvector.Nsts_ue);
else
    n_sts = params.N_sts;
end;

% qam_pss contains F-T grid for all spatial-time streams
if txvector.STBC ~= 0
    % STBC    
    qam_psts = zeros(n_sts, n_sd, n_sym);    
    for i_ss = 1:txvector.STBC
        qam_psts(2*i_ss - 1, :, :) = qam_pss(i_ss, :, :);
        qam_psts(2*i_ss, :, 1:2:end) = -conj(qam_pss(i_ss, :, 2:2:end));
        qam_psts(2*i_ss, :, 2:2:end) =  conj(qam_pss(i_ss, :, 1:2:end));
    end;
    
    if txvector.FORMAT~=E_VHT
        % following only applicable for two HT modes
        for i_ss = 2*txvector.STBC+1:n_sts
            qam_psts(i_ss,:,:) = qam_pss(i_ss-txvector.STBC,:,:);
        end;
    end;
else 
    qam_psts = qam_pss;
end;

tv_str.V_DAT.qam_psts = qam_psts;

if (params.Tx_Format ~= E_LEG20M)
    Q = txvector.EXPANSION_MAT;
end;

% for oversampling and channel offset
idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2 + 1;

Nsd_pseg = params.N_sd/params.N_bwseg;

osym_t = cell(params.N_bwseg, n_sym);

switch txvector.FORMAT
    case {E_NON_HT, E_NON_HT_DUP}
        sym_ofset = 1;
    case E_VHT
        sym_ofset = 4;
    case E_HT_MF
        sym_ofset = 3;
    case E_HT_GF
        sym_ofset = 2;
end;

fd_out = cell(1, params.N_bwseg);

for i_seg = 1 : params.N_bwseg
    idx_seg = ((i_seg-1)*Nsd_pseg + 1): i_seg*Nsd_pseg;
    % subcarrier-ofdm_symbol mapping
    if txvector.MCS == 32
        o_map = zeros(n_sts, params.NFFT/2, n_sym);
    else
        o_map = zeros(n_sts, params.NFFT, n_sym);
    end;
    o_map(:, params.Indx_dsubc, :) = qam_psts(:,idx_seg,:);

    % Insert pilots
    for i_sym = 1 : params.N_sym
        switch txvector.FORMAT
            case {E_NON_HT, E_NON_HT_DUP}
                s_pilot = pilot_seq(i_sym-1, sym_ofset, txvector.FORMAT, n_sts, params, consts);
                o_map(:, params.Indx_pilot, i_sym) = repmat(s_pilot.', [n_sts, 1]);            
            case {E_HT_MF, E_HT_GF}
                if txvector.MCS == 32
                    s_pilot = pilot_seq(i_sym-1, sym_ofset, E_NON_HT, 1, params, consts);
                else
                    s_pilot = pilot_seq(i_sym-1, sym_ofset, txvector.FORMAT, n_sts, params, consts);
                end;
                o_map(:, params.Indx_pilot, i_sym) = s_pilot;
            case {E_VHT}
                s_pilot = pilot_seq(i_sym-1, sym_ofset, E_VHT, n_sts, params, consts);
                o_map(:, params.Indx_pilot, i_sym) = repmat(s_pilot.', [n_sts, 1]);
        end;
    end;
    
    N_osubc = params.N_osubc;
    % for duplicate modes
    % the number of subcarrier from F-T mapping is only one replic
    if txvector.FORMAT == E_NON_HT_DUP
        o_map = repmat(o_map, [1,n_20,1]);
        N_osubc = N_osubc * n_20 * params.N_bwseg;
    elseif txvector.MCS == 32
        o_map = repmat(o_map,[1,2,1]);
        N_osubc = (params.N_sd + 4)* 2;
    end;
    
    % scale
    o_map = o_map./sqrt( N_osubc * n_sts);    
    
    fd_out{i_seg} = o_map;
    
    for i_sym = 1 : n_sym
        s_fd   = o_map(:,:, i_sym);
        s_fdtx = zeros(n_tx, NFFT);
        
        % per 20MHz rotation
        s_fd_rot = reshape(s_fd, [], n_20) * diag(Gamma);
        
        switch params.Tx_Format 
            case E_LEG20M
                s_fd_rot = reshape(s_fd_rot, 1, []);
                s_fd_rot = repmat(s_fd_rot, [n_tx, 1]);
                s_fdtxcds= fcycdel_g(s_fd_rot, cshifts(n_tx, 0)/TSAMP, params.BSS_NFFT);
                idx_occ  = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
                s_fdtx   = s_fdtxcds(:,idx_occ);
            case {E_HT20M, E_HT40M}
                s_fd_rot = reshape(s_fd_rot, n_sts, []);
                s_fdtx   = zeros(n_tx, size(s_fd_rot,2));
                
                % -- Spatial mapping --
                for k = 1:NFFT
                    s_fdtx(:,k) = Q(:,:,k)*s_fd_rot(:,k);
                end
            case {E_VHT20M, E_VHT40M, E_VHT80M, E_VHT160M, E_VHT80P80M} 
                s_fd_rot = reshape(s_fd_rot, n_sts, []);
                % -- Insert cyclic delay per ST stream --
                s_fdtxcds = fcycdel_g(s_fd_rot, cshifts(n_sts, 1)/TSAMP, params.BSS_NFFT);
                idx_occ  = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
                
                s_fdtx   = zeros(size(s_fd_rot));
                
                % -- Spatial mapping --
                for k = 1:NFFT
                    indx = idx_occ(k);
                    s_fdtx(:,k) = Q(:,:,k)*s_fdtxcds(:,indx);
                end
        end;
        
        % -- Channel offset --
        s_fdtx_ovs = zeros(n_tx, params.BSS_NFFT);
        s_fdtx_ovs(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = s_fdtx;
        
        osym_t{i_seg, i_sym} = fd2td_g(s_fdtx_ovs, txvector.SHORT_GI, params);
    end;
end;
tv_str.V_DAT.fd_psts = fd_out;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/parity_ck/802_11n_ldpc_pcm.mat

H1_1:[12x24  double array]


H1_2:[12x24  double array]


H1_3:[12x24  double array]


H2_1:[8x24  double array]


H2_2:[8x24  double array]


H2_3:[8x24  double array]


H3_1:[6x24  double array]


H3_2:[6x24  double array]


H3_3:[6x24  double array]


H4_1:[4x24  double array]


H4_2:[4x24  double array]


H4_3:[4x24  double array]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P1_1.mat

P:[324x324  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P1_2.mat

P:[648x648  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P1_3.mat

P:[972x972  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P2_1.mat

P:[216x432  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P2_2.mat

P:[432x864  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P2_3.mat

P:[648x1296  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P3_1.mat

P:[162x486  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P3_2.mat

P:[324x972  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P3_3.mat

P:[486x1458  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P4_1.mat

P:[108x540  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P4_2.mat

P:[216x1080  sparse array (sparse)]






ieee_tx11ac/parity_ck/802_11n_ldpc_pcm_P4_3.mat

P:[324x1620  sparse array (sparse)]






ieee_tx11ac/pilot_map.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    pilot_map.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Function to generate pilot symbols
%
%    function omap = pilot_map(n, start_seq, modtype, N_sts, i_sts)
%
%    <n>         = indices of symbols
%    <start_seq> = starting point in pseudo-random polarity sequence [for n = 0]
%    <modtype>    = 1 [20 MHz legacy], 2 [20 MHz HT], 3 [40 MHz HT]
%
% MODIFICATIONS
%     $Log: pilot_map.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: pilot_map.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function omap = pilot_map(n, start_seq, modtype, N_sts, i_sts)
global consts params

NFFT     = (1 + (modtype == 3)) * 64;

pilot_polarity = 2 * scram_t(127, ones(1,127)).' - 1;

switch modtype

   case 1, % 20 MHz legacy, IEEE802.11a-1999, p. 31, eq. (24)
      pilot_schemes = [1 0 1 1 1 -1];
      pilot_pos = [-21 -7 7 21];
      
   case 2, % 20 MHz HT
      pilot_schemes = [1 0  1  1  1 -1 
                       2 0  1  1 -1 -1 
                       2 1  1 -1 -1  1 
                       3 0  1  1 -1 -1 
                       3 1  1 -1  1 -1 
                       3 2 -1  1  1 -1 
                       4 0  1  1  1 -1 
                       4 1  1  1 -1  1 
                       4 2  1 -1  1  1 
                       4 3 -1  1  1  1 
                       ];
      pilot_pos = [-21 -7 7 21];

   case 3, % 40 MHz HT, IEEE802.11n-D1.0, p. 209, table n767
      pilot_schemes = [1 0  1  1  1 -1 -1  1 
                       2 0  1  1 -1 -1 -1 -1 
                       2 1  1  1  1 -1  1  1 
                       3 0  1  1 -1 -1 -1 -1 
                       3 1  1  1  1 -1  1  1 
                       3 2  1 -1  1 -1 -1  1 
                       4 0  1  1 -1 -1 -1 -1 
                       4 1  1  1  1 -1  1  1 
                       4 2  1 -1  1 -1 -1  1 
                       4 3 -1  1  1  1 -1  1 
                       ];
      pilot_pos = [-53 -25 -11 11 25 53];

end

pilots  = pilot_schemes(((pilot_schemes(:,1) == N_sts) & (pilot_schemes(:,2) == i_sts)), (3:end));
pilot_m = pilots' * pilot_polarity(mod(start_seq+n, 127) + 1);

% -- Rotate pilot patterns --

% -- VERIFYTHIS, hopefully against standard sample --
pl = length(pilot_pos);
if (modtype > 1)
   for k = 1:length(n)
      pilot_m(:,k) = [pilot_m(mod(n(k), pl)+1:end,k); pilot_m((1:mod(n(k), pl)),k)];
   end
end

% pilot_m

% -- Map pilots to subcarriers --

pilot_f = zeros(NFFT, length(n));
for k = 1:length(pilot_pos)
   pilot_f(pilot_pos(k) + NFFT/2 + 1, :) = pilot_m(k, :);
end

omap = pilot_f;

% keyboard

%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/pilot_seq.m

%/*************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    pilot_seq.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    Pilot sequence generation
%    ---------------------------
%    
%    function s_pilot = pilot_seq(idx_sym, polar_ofset, mode, N_sts)
%    idx_sym : index of the ofdm symbol
%    polar_ofset : index of polarisation offset
%    mode    : E_VHT, E_HT_GF, E_HT_MF, E_NON_HT, E_NON_HT_DUP
%    N_sts   : number of STS
%
% ************************************************************************/

function s_pilot = pilot_seq(idx_sym, polar_ofset, mode, N_sts, params, consts)
%global params consts;

constants_def;

n_20 = params.N_20M;
Idx_pilot = params.Indx_pilot;

switch mode
    case E_VHT
        % VHT
        if n_20 < 8
            % cyclic rotation based on symbol index
            n_pilot = length(Idx_pilot);
            s_pilot_bs = consts.S_pilot_80(1:n_pilot);
            idx_cycrep = mod((0 : n_pilot-1) + idx_sym, n_pilot) + 1;
            s_pilot_f  = s_pilot_bs(idx_cycrep);
        else
            s_pilot_bs = consts.S_pilot_80;
            idx_cycrep = mod((0 : 7) + idx_sym, 8) + 1;
            s_pilot_f  = repmat(s_pilot_bs(idx_cycrep), [2,1]);
        end;
    case {E_HT_GF, E_HT_MF}
        % HT
        switch n_20
            case 1
                switch N_sts
                    case 1
                        s_pilot_bs = [ 1  1  1 -1];
                    case 2
                        s_pilot_bs = [ 1  1 -1 -1; ...
                            1 -1 -1  1];
                    case 3
                        s_pilot_bs = [ 1  1 -1 -1; ...
                            1 -1  1 -1; ...
                            -1  1  1 -1];
                    case 4
                        s_pilot_bs = [ 1  1  1 -1; ...
                            1  1 -1  1; ...
                            1 -1  1  1; ...
                            - 1  1  1  1];
                end;
                n_pilot = 4;
            case 2
                switch N_sts
                    case 1
                        s_pilot_bs = [ 1  1  1 -1 -1  1];
                    case 2
                        s_pilot_bs = [ 1  1 -1 -1 -1 -1; ...
                            1  1  1 -1  1  1];
                    case 3
                        s_pilot_bs = [ 1  1 -1 -1 -1 -1; ...
                            1  1  1 -1  1  1; ...
                            1 -1  1 -1 -1  1];
                    case 4
                        s_pilot_bs = [ 1  1 -1 -1 -1 -1; ...
                            1  1  1 -1  1  1; ...
                            1 -1  1 -1 -1  1; ...
                            -1  1  1  1 -1  1];
                end;
                n_pilot = 6;
        end;
        idx_cycrep = mod((0 : n_pilot-1) + idx_sym, n_pilot) + 1;
        s_pilot_f  = s_pilot_bs(:,idx_cycrep);
    case {E_NON_HT, E_NON_HT_DUP}
        % legacy
        s_pilot_f = [ 1  1  1 -1];
end;

s_pilot = consts.Polar_pilot(mod(idx_sym+polar_ofset, 127)+1)*s_pilot_f;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_ht_ltf_ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    preamble_ht_ltf_ac.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Generates HT-LTF
%    
%    function s = preamble_ht_ltf
%
%
% MODIFICATIONS
%     $Log: preamble_ht_ltf.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: preamble_ht_ltf.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function s = preamble_ht_ltf_ac(txvector, params, n)
% global params txvector;

constants_def;

% -- Constants --
P_htltf = [1 -1 1 1; 1 1 -1 1; 1 1 1 -1; -1 1 1 1];

% -- Computed parameters --
% BW       = consts.BW_per_bw_type(txvector.BW + 1);        % 20 or 40 MHz
% TSAMP    = 1000/output_rate;  % sampling interval, ns
NFFT   = params.NFFT; % FFT length

N_tx  = params.N_tx;
N_sts = params.N_sts;
N_ess = params.N_ess; 
N_dltf = params.N_dltf;

if (N_ess + N_sts > N_tx), error('too many E-LTF''s'); end

L_LTF_20 = [1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,0, ...
1,-1,-1,1,1,-1,1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1,1];

L_LTF_20F  = [zeros(1,6), L_LTF_20, zeros(1,5)];
L_LTF_40F  = [zeros(1,6), L_LTF_20, zeros(1,5), zeros(1,6), L_LTF_20, zeros(1,5)];

% -- HT LTF sequences based on L-LTF ones --
HT_LTF_20F = L_LTF_20F; HT_LTF_20F(33 + [-28 -27 27 28]) = [1 1 -1 -1];
HT_LTF_40F = L_LTF_40F; HT_LTF_40F(65 + [-32 -5 -4 -3 -2 2 3 4 5 32]) = [1 -1 -1 -1 1 -1 1 1 -1 1];

% -- scale by sqrt(N_tx*N_tone) --
Gamma = params.Gamma;

switch params.Tx_Format 
    case E_HT20M
        HT_LTF_F   = HT_LTF_20F / sqrt(56);
    case E_HT40M
        HT_LTF_F   = HT_LTF_40F / sqrt(114);
    otherwise 
        HT_LTF_F = [];
end

HT_LTF_F = reshape(HT_LTF_F(:), [], params.N_20M)*diag(Gamma);
HT_LTF_F = reshape(HT_LTF_F, 1, []);

% -- Convert to time domain, make matrix for all TX chains --

HT_LTF_F0 = HT_LTF_F;
% -- Apply spatial mapping matrix --
HT_LTF_F  = zeros(N_tx, 1) * HT_LTF_F0;
Q = txvector.EXPANSION_MAT;            
if n <= N_dltf
   for k = 1:length(Q), HT_LTF_F(:,k) = Q(:, 1:N_sts, k)*P_htltf(1:N_sts, n) * HT_LTF_F0(k); end   % Data HT-LTF
   HT_LTF_F = HT_LTF_F / sqrt(N_sts);
else
   for k = 1:length(Q), HT_LTF_F(:,k) = Q{k}(:, N_sts+1:N_sts+N_ess)*P_htltf(1:N_ess, n - N_dltf) * HT_LTF_F0(k); end   % Extension HT-LTF
   HT_LTF_F = HT_LTF_F / sqrt(N_ess);
end

idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2 + 1;

if (n == 1) && (txvector.FORMAT == E_HT_GF) % Double-length HT-LTF1 for GF
    % -- Delay GI2 --        
    HT_LTF_F1 = fcycdel_g(HT_LTF_F, ones(N_tx, 1)*params.BSS_NFFT/4, params.BSS_NFFT);    

    idx_occ  = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
    s_fd_sh = zeros(N_tx, params.BSS_NFFT);
    s_fd_sh(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = HT_LTF_F1(:,idx_occ);

    HT_LTF_T = fd2td_g(s_fd_sh, E_LONG_CP, params); 
    
    s = {HT_LTF_T};
else
    s = [];
end

s_fd_sh = zeros(N_tx, params.BSS_NFFT);
s_fd_sh(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = HT_LTF_F;

% -- IFFT and windowing --
HT_LTF_T = fd2td_g(s_fd_sh, E_LONG_CP, params);
s = [s {HT_LTF_T}];
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_ht_sig_ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    preamble_ht_sig_ac.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Generates HT-SIG
%    
%    function [ht_sig, ht_sig_bits, ...] = preamble_ht_sig_ac(txvector, params)
%
% MODIFICATIONS
%     $Log: preamble_ht_sig.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: preamble_ht_sig.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function [ht_sig, ht_sig_bits, ht_sig_conve_out, ht_sig_ilv_out, ht_sig_map_out, ht_sig_cmap_out] = preamble_ht_sig_ac(txvector, params)
% global params txvector output_rate

constants_def;
% -- Constants --

P_htltf = [1 -1 1 1; 1 1 -1 1; 1 1 1 -1; -1 1 1 1];

% -- Computed parameters --

% BW       = consts.BW_per_bw_type(txvector.BW + 1);        % 20 or 40 MHz
TSAMP    = 1000/params.output_rate;  % sampling interval, ns

N_tx     = numel(txvector.ANTENNA_SET);
N_ss     = length(params.MCSCODE.mods);
N_sts    = N_ss + txvector.STBC;

mcsbits        = flipud(num2bitsv(txvector.MCS, 7))';
bwbits         = (params.Tx_Format == E_HT40M);
if (txvector.NDP)
   htlen_bits     = flipud(num2bitsv(0, 16))';
else
   htlen_bits     = flipud(num2bitsv(params.PDU_LEN, 16))';
end

smoothing_bits = txvector.SMOOTHING;
nsounding_bits = ~(txvector.SOUNDING);
aggr_bits      = txvector.AGGREGATION;
stbc_bits      = flipud(num2bitsv(txvector.STBC, 2))';
advcoding_bits = txvector.LDPC_CODING;
shortgi_bits   = txvector.SHORT_GI;
nextltf_bits   = flipud(num2bitsv(txvector.NUM_EXTEN_SS, 2))';

crc_bits = [...
mcsbits bwbits htlen_bits ...
smoothing_bits nsounding_bits 1 aggr_bits stbc_bits advcoding_bits shortgi_bits nextltf_bits ...
];

crc = crc8(crc_bits);

ht_bits = [crc_bits num2bitsv(crc, 8)' zeros(1, 6)]; ht_sig_bits = ht_bits;
ht_bits_enc = conve(ht_bits)'; ht_bits_enc = reshape(ht_bits_enc, 48, 2);
ht_sig_conve_out = ht_bits_enc;

% ht_sig = [];
ht_sig_ilv_out = [];
ht_sig_map_out = [];
ht_sig_cmap_out = [];

switch txvector.FORMAT
    case E_HT_GF
        if params.NFFT == 64
            scale = 56*N_sts;
        else
            scale = 114*N_sts;
        end;
    case E_HT_MF
        scale = 52*params.N_20M*N_tx;
end;

Gamma = params.Gamma;

ht_sig = cell(1,2);

idx_occ = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2 + 1;

for k = 1:2
    s_ilv    = interleave_ac(ht_bits_enc(:, k), ...
                             0, ... % i_ss 
                             1, ... % N_bpsc
                             1  ... % Legacy 20 MHz data mapping
                             );

    if (params.NFFT == E_HT40M)
        %true 40 MHz        
        ht_sig_ilv_out = [ht_sig_ilv_out repmat(s_ilv, [1,params.N_20M])];        
    else
        ht_sig_ilv_out = [ht_sig_ilv_out s_ilv];
   end
                     
   s_map = qam_map( s_ilv, ...
                    1, ... % N_bpsc
                    1  ... % Legacy 20 MHz data mapping
                   );

%    pilots_k = [-21 -7 0 7 21];   

   pilots   = pilot_map(k, 0 + (txvector.FORMAT ~= E_HT_GF), 1, 1, 0); % pseudo-random seq starts at 0 in GF and 1 in MM
   s_20     = (1i * s_map + pilots).';

   % -- scale by sqrt(N_tx*N_tone) --  
   s_fd = kron(Gamma.', s_20(:));
   s_fd = reshape(s_fd, 1, []);
   s_fd = s_fd/sqrt(scale);

   ht_sig_map_out = [ht_sig_map_out s_map];
   ht_sig_cmap_out = [ht_sig_cmap_out (s_20).'];

   switch txvector.FORMAT
       case E_HT_GF 
           % -- Apply spatial mapping matrix --
           s_fd0 = s_fd;           
           s_fdq = zeros(N_tx, params.NFFT);
           Q = txvector.EXPANSION_MAT;           
           for ks = 1:params.NFFT
               s_fdq(:,ks) = Q(:, 1:N_sts, ks)*P_htltf(1:N_sts, 1).*s_fd0(ks); 
           end   
           
           s_fd_sh = zeros(N_tx, params.BSS_NFFT);
           s_fd_sh(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = s_fdq;
           
       case E_HT_MF
           s_fd =  ones(N_tx, 1) * s_fd;
           
           % -- Insert cyclic delay --
           s_fd = fcycdel_g(s_fd, cshifts(N_tx, 0)/TSAMP, params.BSS_NFFT);
           
           s_fd_sh = zeros(N_tx, params.BSS_NFFT);
           s_fd_sh(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = s_fd(:,idx_occ);           
   end
   % -- IFFT and windowing --
   s_td = fd2td_g(s_fd_sh, E_LONG_CP, params);
   
   ht_sig{k} = s_td;
end


%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_ht_stf_ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    preamble_ht_stf_ac.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Generates HT-STF
%    
%    function s = preamble_ht_stf
%
%
%
% MODIFICATIONS
%     $Log: preamble_ht_stf.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: preamble_ht_stf.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function s = preamble_ht_stf_ac(txvector, params)
% global params txvector;

constants_def;

P_htltf = [1 -1 1 1; 1 1 -1 1; 1 1 1 -1; -1 1 1 1];

N_tx = params.N_tx; 
N_sts= params.N_sts;

% -- Frequency domain coefficients --

L_STF_20 = 1/sqrt(2)*[0,0,1+1i,0,0,0,-1-1i,0,0,0,1+1i,0,0,0,-1-1i,0,0,0,-1-1i,0,0,0,1+1i,0,0,0,... % 802.11n-D1.0, (20-5)
0,0,0,0,-1-1i,0,0,0,-1-1i,0,0,0,1+1i,0,0,0,1+1i,0,0,0,1+1i,0,0,0,1+1i,0,0];

L_STF_20F = [zeros(1,6), L_STF_20, zeros(1,5)]; 
% L_STF_40F = [zeros(1,6), L_STF_20, zeros(1,5), zeros(1,6), L_STF_20, zeros(1,5)];

% -- scale by sqrt(N_tx*N_tone) --
Gamma = params.Gamma;
L_STF_F = kron(Gamma.', L_STF_20F(:));
L_STF_F = reshape(L_STF_F,1,[])/sqrt(N_sts * 12 * params.N_20M);

HT_STF_F = zeros(N_tx, 1) * L_STF_F;                   % -- make matrix for all TX chains --

% -- Apply spatial mapping matrix
Q = txvector.EXPANSION_MAT;      
if txvector.FORMAT == E_HT_GF
    for k = 1:length(Q), HT_STF_F(:,k) = Q(:, 1:N_sts, k) * P_htltf(1:N_sts, 1) * L_STF_F(k); end
else 
    for k = 1:length(Q), HT_STF_F(:,k) = Q(:, 1:N_sts, k) * ones(N_sts, 1) * L_STF_F(k); end
end;

idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2 + 1;

s_fd_sh = zeros(N_tx, params.BSS_NFFT);
s_fd_sh(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = HT_STF_F;

% -- IFFT and windowing --
HT_STF_T = fd2td_g(s_fd_sh, E_LONG_CP, params);

s = HT_STF_T;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_l_ltf_ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    preamble_l_ltf_ac.m
%    
% AUTHOR
%    Andrei Popescu
%    Fei Tong
% 
% DESCRIPTION
%    802.11ac transmit simulation
%    ---------------------------
%    
%    Generates Legacy LTF [L-LTF], for 20 and 40 MHz transmissions
%    Extended to support higher bandwidth options (80, 160, 80+80)
%    
%    function l_ltf_t = preamble_l_ltf_ac
% 
% *******************************************************************************/

function l_ltf_t = preamble_l_ltf_ac(params, consts)
% global consts params 

constants_def

TSAMP = params.TSAMP; 
NFFT  = params.BSS_NFFT;
n_20  = params.N_20M;

Gamma = params.Gamma;

N_tx  = params.N_tx; 

% -- scale by sqrt(N_tx*N_tone) --
n_dsubc = 52*n_20; 

l_ltf_f_bs = [ zeros(1, 6) consts.L_LTF_20 / sqrt(N_tx * n_dsubc) zeros(1,5) ];

% perform phase rotation according to each 20MHz component band
l_ltf_f  = kron(Gamma.', l_ltf_f_bs.');
l_ltf_f  = reshape(l_ltf_f, 1, []);

l_ltf_f  = repmat(l_ltf_f, [N_tx, 1]);

l_ltf_t  = cell(1,2);
% -- Convert to time domain --
% 1.6 us Cyclic prefix + 2 x 3.2 us symbols

% first 4 us symbol
% -- Insert cyclic delay --
fcds_tmp = fcycdel_g(l_ltf_f, (cshifts(N_tx, 0)/TSAMP + NFFT/4), NFFT);

l_ltf_f_cds = zeros(N_tx, params.BSS_NFFT);
idx_occ = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2 + 1;
l_ltf_f_cds(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = fcds_tmp(:,idx_occ);

% -- IFFT and windowing --
l_ltf_t{1,1} = fd2td_g(l_ltf_f_cds, E_LONG_CP, params);

% second 4 us symbol
fcds_tmp = fcycdel_g(l_ltf_f, (cshifts(N_tx, 0)/TSAMP + 0), NFFT);
l_ltf_f_cds = zeros(N_tx, params.BSS_NFFT);
l_ltf_f_cds(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = fcds_tmp(:,idx_occ);

% -- IFFT and windowing --
l_ltf_t{1,2} = fd2td_g(l_ltf_f_cds, E_LONG_CP, params);

if params.N_bwseg > 1
    l_ltf_t  = repmat(l_ltf_t, [params.N_bwseg,1]);
end;

%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_l_sig_ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    preamble_l_sig_ac.m
%    
% AUTHOR
%    Andrei Popescu
%    Fei Tong
%
% DESCRIPTION
%    802.11ac transmit simulation
%    ---------------------------
%    
%    Generates Legacy Signal field [L-SIG], for 20 and 40 MHz transmissions
%    Extended to support higher bandwidth options (80, 160, 80+80)
%    
%    function l_sig_t = preamble_l_sig_ac
%    
% *******************************************************************************/

function [l_sig_t, l_sig_bits, l_sig_conve_out, l_sig_ilv_out, l_sig_fd_out, l_sig_fbfdtx_out] = preamble_l_sig_ac(txvector, params, consts)

constants_def;

N_tx   = params.N_tx; 

if params.Tx_Format == E_LEG20M    
    % For Legacy transmissions L-SIG indicates rate+length of burst
    ratebits = consts.rate_table(txvector.MCS+1, :);
    len = params.PDU_LEN;
else
    ratebits = [1 1 0 1];
    len = ceil((params.Tx_Time - 20)/4)*3 - 3;
    assert(len<4095);
end;

TSAMP  = params.TSAMP;

lenbits  = flipud(num2bitsv(len, 12))';

sigbits  = [ratebits 0 lenbits];
parity   = mod(sum(sigbits), 2);
sigbits  = [sigbits parity zeros(1, 6)]; 

l_sig_bits = sigbits;

l_sig_conve_out = conve(l_sig_bits)';

sig_ilv  = interleave_ac(l_sig_conve_out.', ...
                         0, ... % i_ss 
                         1, ... % N_bpsc
                         1  ... % Legacy 20 MHz data mapping
                         );

l_sig_ilv_out = sig_ilv;

sig_map  = qam_map(sig_ilv, ...
                   1, ... % N_bpsc
                   1  ... % Legacy 20 MHz data mapping
                   );

%l_sig_map_out = sig_map;
                 
l_sig_pilots = pilot_map(0, 0, 1, 1, 0);

sig_map_20 = (sig_map + l_sig_pilots).';

% repetition in different 20MHz component bands
n_20 = params.N_20M; 

n_dsubc = 52*n_20; 

Gamma = params.Gamma;

l_sig_f = sig_map_20 / sqrt(N_tx * n_dsubc);

l_sig_f = kron(Gamma.', l_sig_f(:));
l_sig_f = reshape(l_sig_f, 1, []);

l_sig_fd_out = l_sig_f;

l_sig_f_tx = repmat(l_sig_f, [N_tx, 1]);

% -- Insert cyclic delay --
fcds_tmp = fcycdel_g(l_sig_f_tx, cshifts(N_tx, 0)/TSAMP, params.BSS_NFFT);

l_sig_f_cds = zeros(N_tx, params.BSS_NFFT);
idx_occ = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2 + 1;
l_sig_f_cds(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = fcds_tmp(:,idx_occ);

l_sig_fbfdtx_out = l_sig_f_cds;

l_sig_t = cell(params.N_bwseg, 1);
% -- IFFT and windowing --
l_sig_t{1} = fd2td_g(l_sig_f_cds, E_LONG_CP, params);

if params.N_bwseg == 2
    l_sig_t{2} = l_sig_t{1};
end;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_l_stf_ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    preamble_l_stf_ac.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    802.11ac transmit simulation
%    ---------------------------
%    
%    Generates Legacy STF [L-STF], for all BW transmissions
%    
%    function l_stf_t = preamble_l_stf_ac
%
% *******************************************************************************/

function l_stf_t = preamble_l_stf_ac(params, consts)

N_tx  = params.N_tx; 
TSAMP = params.TSAMP; 

n_20  = params.N_20M;
Gamma = params.Gamma;

n_dsubc = 12*n_20; 

l_stf_f_bs = [ zeros(1, 6) consts.L_STF_20 / sqrt(N_tx * n_dsubc) zeros(1,5) ];

% perform phase rotation according to each 20MHz component band
l_stf_f  = kron(Gamma.', l_stf_f_bs.');
l_stf_f  = reshape(l_stf_f, 1, []);

l_stf_f  = repmat(l_stf_f, [N_tx, 1]);

l_stf_t  = cell(1, 2); 

% -- Convert to time domain --
% 1.6 us Cyclic prefix + 2 x 3.2 us symbols

% first 4 us symbol
% -- Insert cyclic delay --
fcds_tmp = fcycdel_g(l_stf_f, (cshifts(N_tx, 0)/TSAMP), params.BSS_NFFT);

idx_occ = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
l_stf_f_cds = zeros(N_tx, params.BSS_NFFT);

idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2 + 1;
l_stf_f_cds(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = fcds_tmp(:,idx_occ);

% -- IFFT and windowing --
l_stf_t{1,1} = fd2td_g(l_stf_f_cds, 0, params);
l_stf_t{1,2} = l_stf_t{1};

if params.N_bwseg > 1
    l_stf_t  = repmat(l_stf_t, [params.N_bwseg,1]);
end;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_vht_ltf.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    preamble_vht_ltf.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Generates VHT-LTF symbols
%    
%    function s = preamble_vht_ltf(txvector, params, consts)
%
% *******************************************************************************/

function [s_vht_ltf, v_ltf_fd_out] = preamble_vht_ltf(txvector, params, consts)
% global consts params txvector 

constants_def;

TSAMP = params.TSAMP;
V_LTF = params.V_LTF;
N_ltfsubc  = params.N_ltfsubc;
Indx_pilot = params.Indx_pilot;
Indx_dsubc = params.Indx_dsubc;
Gamma = params.Gamma;
n_20 = params.N_20M;

N_tx  = params.N_tx;
N_sts = params.N_sts;
N_ltf = consts.NLTF_tble(N_sts);
switch N_ltf
    case {1,2,4}
        P_mat = consts.P_4x4(1:N_sts,1:N_ltf);
        R_mat = consts.R_4x4(1,1:N_ltf);
    case 6
        P_mat = consts.P_6x6(1:N_sts,1:N_ltf);
        R_mat = consts.R_6x6(1,1:N_ltf);
    case 8
        P_mat = consts.P_8x8(1:N_sts,1:N_ltf);
        R_mat = consts.R_8x8(1,1:N_ltf);
end;

% component band phase shift
v_ltf_ftmp = reshape(V_LTF, [], n_20);
v_ltf_frot = v_ltf_ftmp * diag(Gamma);
v_ltf_f    = reshape(v_ltf_frot, 1, []);

% -- scale by sqrt(N_tx*N_tone) --
v_ltf_f = v_ltf_f / sqrt(N_ltfsubc*N_sts);

s_vht_ltf = cell(1, N_ltf);

Q = txvector.EXPANSION_MAT;

v_ltf_fd_out = zeros(N_sts, params.BSS_NFFT, N_ltf);

idx_occ  = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
idx_ofset= params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2;
for n_ltf = 1 : N_ltf
    v_ltf_fq = zeros(N_tx, params.BSS_NFFT);
    v_ltf_fp = zeros(N_sts, length(v_ltf_f));
        
    for i_sts = 1 : N_sts
        v_ltf_fp(i_sts,Indx_dsubc) = P_mat(i_sts, n_ltf).*v_ltf_f(Indx_dsubc);
        v_ltf_fp(i_sts,Indx_pilot) = R_mat(n_ltf).*v_ltf_f(Indx_pilot);
    end;
    
    v_ltf_fpcsd = fcycdel_g(v_ltf_fp, cshifts(N_sts, 1)/TSAMP, params.BSS_NFFT);
    
    v_ltf_fd_out(:,:,n_ltf) = v_ltf_fpcsd;    
    
    for indx = 1 : length(idx_occ)
        i_subc = idx_occ(indx);
        v_ltf_fq(:,idx_ofset+indx) = Q(:,:,indx) * v_ltf_fpcsd(:,i_subc);
    end;
    
    % -- IFFT and windowing --
    s_vht_ltf{n_ltf} = fd2td_g(v_ltf_fq, E_LONG_CP, params);
end;

if params.N_bwseg == 2
    s_vht_ltf = repmat(s_vht_ltf, [params.N_bwseg, 1]);
end;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_vht_siga.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2010
%
% FILE
%    preamble_vht_siga.m
%
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    802.11ac transmit simulation
%    ---------------------------
%
%    Generates VHT-SIGA
%
%    function [vht_siga, vht_siga_bits, ...] = preamble_vht_siga
%
% *******************************************************************************/
function [vht_siga_t, vht_siga_bits, vht_siga_conve_out, vht_siga_ilv_out, vht_siga_fd_out] = preamble_vht_siga(txvector, params, consts)

constants_def;

TSAMP = params.TSAMP;
n_20  = params.N_20M;
Gamma = params.Gamma;
N_sym = params.N_sym;
bw_bits = consts.bw_code(log2(n_20)+1, :).';

n_dsubc = 52 * n_20;

if strcmp(txvector.MIMO_MODE, 'SU')
    Nsts_bits = [flipud(num2bitsv(txvector.N_sts-1, 3)); ... % number of S-T streams
                 flipud(num2bitsv(txvector.P_AID, 9)); ... % 9 LSB AID
                ];
    
    coding_bits = [(txvector.LDPC_CODING==1); txvector.LDPC_CODING && txvector.ldpc_nsym_init_lt_nsym];
    
    mcs_bits    = flipud(num2bitsv(txvector.MCS, 4));
    
    bf_bits     = (txvector.TxBf == 1);
    
    group_id    = ones(6,1);
    
elseif strcmp(txvector.MIMO_MODE, 'MU')
    group_id  = zeros(6,1); % tbd
    
    Nsts_bits = zeros(12,1);
    for i_user = 1 : txvector.N_UE
        Nsts_bits((i_user*3-2):i_user*3) = flipud(num2bitsv(params.Nsts_ue(i_user), 3));
    end;
    
    if params.Nsts_ue(1)==0
        coding_bits = [1; 1];
    else
        coding_bits = zeros(2,1);
        coding_bits(1) = txvector.LDPC_CODING(1);
        coding_bits(2) = txvector.ldpc_nsym_init_lt_nsym;
    end;
    
    mcs_bits = ones(4,1);
    for i_user = 2 : txvector.N_UE
        if params.Nsts_ue(i_user)==0
            mcs_bits(i_user - 1) = 1;
        else
            mcs_bits(i_user - 1) = txvector.LDPC_CODING(i_user);
        end;
    end;
    
    bf_bits = 1;
end;

txop_bit = txvector.TX_OP;

shortgi_bits = zeros(2,1);
shortgi_bits(1) = txvector.SHORT_GI == 1;
shortgi_bits(2) = shortgi_bits(1) && (mod(N_sym, 10)==9);

vht_siga1_bits = [bw_bits; ...              % BW bit
                  1; ...                    % reserved bit
                  (txvector.STBC~=0); ...   % STBC bits
                  group_id; ...             % group ID 
                  Nsts_bits; ...            % number of S-T streams (TBD)
                  txop_bit;
                  1  ...                    % reserved bits
                  ];

vht_siga2_bits = [shortgi_bits; ...
                  coding_bits; ...
                  mcs_bits; ...
                  bf_bits; ...
                  1; ...                  % reserved bit
                 ];

crc = crc8([vht_siga1_bits; vht_siga2_bits]);

vht_siga_bits = [vht_siga1_bits; vht_siga2_bits; num2bitsv(crc, 8); zeros(6,1)].';

% convolutional encode
vht_siga_bits_enc = conve(vht_siga_bits);

vht_siga_bits = reshape(vht_siga_bits, [], 2);

vht_siga_conve_out = vht_siga_bits_enc;

% split into two groups corresponding to SIGA1 and SIGA2
vht_siga_bits_enc = reshape(vht_siga_bits_enc, [], 2);
vht_siga_ilv_out  = zeros(size(vht_siga_bits_enc));

vht_siga_fd_out   = zeros(params.NFFT,2);

vht_siga_t = cell(1,2);

% N_sts = params.N_sts;
N_tx  = params.N_tx;

idx_occ = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2 + 1;

for k_sig = 1:2
    s1_ilv  = interleave_ac(vht_siga_bits_enc(:,k_sig), ...
        0, ... % i_ss
        1, ... % BPSK
        1  ... % Legacy 20 MHz data mapping
        );
    
    vht_siga_ilv_out(:,k_sig) = s1_ilv;
    
    % 20MHz tone mapping
    s_map = qam_map( s1_ilv, ...
        1, ... % N_bpsc
        1  ... % Legacy 20 MHz data mapping
        );
    
    s_20 = 1i.^(k_sig-1)*s_map; % QBPSK
    
    % insert pilots
    s_20(consts.Idx_pilot_20) = consts.Polar_pilot(k_sig + 1)*consts.S_pilot_20;
    
    % Repeat over all 20MHz component bands and phase rotate
    s_reprot = reshape(kron(Gamma, s_20).', [], 1);
    
    vht_siga_fd_out(:,k_sig) = s_reprot;
    
    % -- scale by sqrt(N_tx*N_tone) --
    s_fd = s_reprot ./ sqrt(N_tx * n_dsubc);
    
    % -- Insert cyclic delay --
    s_fd = repmat(s_fd.', [N_tx, 1]);
    s_fdcds = fcycdel_g(s_fd, cshifts(N_tx, 0)/TSAMP, params.BSS_NFFT);
    
    s_fdcds_sh = zeros(N_tx, params.BSS_NFFT);
    s_fdcds_sh(:, idx_ofset:(idx_ofset+params.NFFT_oc-1)) = s_fdcds(:,idx_occ);
    
    % -- IFFT and windowing --
    s_td = fd2td_g(s_fdcds_sh, E_LONG_CP, params);
    
    vht_siga_t{k_sig} = s_td;
end

if params.N_bwseg > 1
    vht_siga_t = repmat(vht_siga_t, [params.N_bwseg,1]);
end;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_vht_sigb.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2010
%
% FILE
%    preamble_vht_sigb.m
%
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    802.11ac transmit simulation
%    ---------------------------
%
%    Generates VHT-SIGB fields
%
%    function [vht_sigb, crc_sigb_ue, vht_sigb_bits, ...] = preamble_vht_sigb
%
% *******************************************************************************/

function [vht_sigb, crc_sigb_ue, vht_sigb_bits, vht_sigb_conve_out, vht_sigb_ilv_out, vht_sigb_fd_out, vht_sigb_fdsts_out] = preamble_vht_sigb(txvector, params, consts)

constants_def;

TSAMP = params.TSAMP;

% The SIGB is per user

if (txvector.NDP == 1)
    switch txvector.BW
        case HT_CBW20
            vht_sigb_bits = [0 0 0 0 0 1 1 1 0 1 0 0 0 1 0 0 0 0 1 0].';
        case HT_CBW40
            vht_sigb_bits = [1 0 1 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 1 1].';
        case {HT_CBW80, HT_CBW160, HT_CBW80P80}
            vht_sigb_bits = [0 1 0 1 0 0 1 1 0 0 1 0 1 1 1 1 1 1 1 0 0 1 0].';
    end;
else
    tail_bits = zeros(6,1);
    sigb_length = ceil(params.PDU_LEN/4);
    if strcmp(txvector.MIMO_MODE, 'SU')
        % SU mode
        switch txvector.BW
            case HT_CBW20
                length_bits = flipud(num2bitsv(sigb_length, 17));
                resved_bits = ones(3,1);
            case HT_CBW40
                length_bits = flipud(num2bitsv(sigb_length, 19));
                resved_bits = ones(2,1);
            case {HT_CBW80, HT_CBW160, HT_CBW80P80}
                length_bits = flipud(num2bitsv(sigb_length, 21));
                resved_bits = ones(2,1);
        end
        vht_sigb_crcbit = [length_bits; resved_bits];
        vht_sigb_bits = [length_bits; resved_bits; tail_bits];
    else
        % MU mode        
        switch txvector.BW
            case HT_CBW20
                vht_sigb_bits = zeros(26, txvector.N_UE);
                vht_sigb_crcbit = zeros(20, txvector.N_UE);
                length_bits = flipud(num2bitsv(sigb_length, 16));
            case HT_CBW40
                vht_sigb_bits = zeros(27, txvector.N_UE);
                vht_sigb_crcbit = zeros(21, txvector.N_UE);
                length_bits = flipud(num2bitsv(sigb_length, 17));
            case {HT_CBW80, HT_CBW160, HT_CBW80P80}
                vht_sigb_bits = zeros(29, txvector.N_UE);
                vht_sigb_crcbit = zeros(23, txvector.N_UE);
                length_bits = flipud(num2bitsv(sigb_length, 19));
        end
        for i_ue = 1 : txvector.N_UE
            mcs_bits = flipud(num2bitsv(txvector.MCS(i_ue),4));
            vht_sigb_crcbit(:,i_ue) = [length_bits; mcs_bits];
            vht_sigb_bits(:,i_ue) = [length_bits; mcs_bits; tail_bits];
        end;
    end;
end;
N_tx  = params.N_tx;
N_osubc = params.N_osubc;
Idx_dsubc = params.Indx_dsubc;
Idx_pilot = params.Indx_pilot;
Gamma     = params.Gamma;

n_20 = params.N_20M;

switch n_20
    case {1,2}
        vht_sigb_bits = repmat(vht_sigb_bits, [n_20,1]);
    case 4
        vht_sigb_bits = [repmat(vht_sigb_bits, [n_20,1]); zeros(1,txvector.N_UE)];
    case 8
        temp = [repmat(vht_sigb_bits, [4,1]); zeros(1,txvector.N_UE)];
        vht_sigb_bits = repmat(temp, [2,1]);
end;

crc_sigb_ue = zeros(1, txvector.N_UE);
s_map = zeros(txvector.N_UE, params.NFFT);
v_sigb_f = zeros(params.NFFT, txvector.N_UE);

Nsts_tot = sum(params.Nsts_ue);
v_sigb_f_stsrot = zeros(Nsts_tot, params.NFFT);

vht_sigb_conve_out = zeros(2*size(vht_sigb_bits,1), txvector.N_UE);
vht_sigb_ilv_out   = zeros(2*size(vht_sigb_bits,1), txvector.N_UE);
idx_sts = 0;
for i_ue = 1 : txvector.N_UE
    crc_sigb_ue(i_ue) = crc8(vht_sigb_crcbit(:,i_ue));
    
    sigb_bitsenc_ue = conve(vht_sigb_bits(:,i_ue));
    
    vht_sigb_conve_out(:, i_ue) = sigb_bitsenc_ue;
    
    sigb_bitsenc_tmp = reshape(sigb_bitsenc_ue, min(params.N_sd, 234), []);
    
    s_ilv_ue  = interleave_ac(sigb_bitsenc_tmp, 0, 1, params.idx_intlvtbl);
    
    vht_sigb_ilv_out(:,i_ue)   = s_ilv_ue(:);
    
    s_qam = qam_map_g(s_ilv_ue(:), 1);
    
    s_map(i_ue, Idx_dsubc) = s_qam;
    
    s_pilot_f = pilot_seq(0, 3, E_VHT, 1, params, consts);
    
    s_map(i_ue, Idx_pilot) = consts.Polar_pilot(3)*s_pilot_f;
    
    % -- scale by sqrt(N_tx*N_tone) --
    v_sigb_ftmp = reshape(s_map(i_ue,:), [], n_20);
    v_sigb_frot = v_sigb_ftmp * diag(Gamma);
    v_sigb_f(:,i_ue) = v_sigb_frot(:);
    
    % spatial-time stream spreading
    N_sts = params.Nsts_ue(i_ue);
    N_ltf = consts.NLTF_tble(N_sts);
    switch N_ltf
        case {1,2,4}
            P_vec = consts.P_4x4(1:N_sts,1);
        case 6
            P_vec = consts.P_6x6(1:N_sts,1);
        case 8
            P_vec = consts.P_8x8(1:params.N_sts,1);
    end;
    
    v_sigb_f_sts = repmat(v_sigb_f(:,i_ue).', [N_sts, 1]);
    v_sigb_f_tmp = diag(P_vec)*v_sigb_f_sts/sqrt(N_osubc * N_sts * txvector.N_UE);
    v_sigb_f_stsrot(idx_sts+ (1 : N_sts), :) = v_sigb_f_tmp;
    idx_sts = idx_sts + N_sts;
end;

vht_sigb_fd_out    = v_sigb_f;
vht_sigb_fdsts_out = v_sigb_f_stsrot;

v_sigb_f_stsrot = fcycdel_g(v_sigb_f_stsrot, cshifts(txvector.N_sts, 1)/TSAMP, params.BSS_NFFT);

s_fd = zeros(N_tx, size(v_sigb_f_stsrot,2));

idx_occ = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2) ;
idx_ofset = params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2;

% -- Apply spatial mapping matrix --
Q = txvector.EXPANSION_MAT;

for indx = 1 : length(idx_occ)
    i_subc = idx_occ(indx);
    s_fd(:,idx_ofset+indx) = Q(:,:,indx)*v_sigb_f_stsrot(:,i_subc);
end;

% -- IFFT and windowing --
vht_sigb = cell(params.N_bwseg, 1);
vht_sigb{1} = fd2td_g(s_fd, E_LONG_CP, params);
if params.N_bwseg==2
    vht_sigb{2} = vht_sigb{1};
end;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/preamble_vht_stf.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    preamble_vht_stf.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Generates VHT-STF time domain signal, 
%    compatible to HT-STF on 20 and 40MHz BW
%    
%    function s = preamble_vht_stf
%
% *******************************************************************************/

function s_vht_stf = preamble_vht_stf(txvector, params)
% global consts txvector params

constants_def;

TSAMP = params.TSAMP;
N_tx  = params.N_tx;
N_sts = params.N_sts;

% -- Frequency domain coefficients --
Gamma = params.Gamma;
V_STF = params.V_STF;
n_20  = params.N_20M;

N_stfsubc = params.N_stfsubc;

% component band phase shift
v_stf_ftmp = reshape(V_STF, [], n_20);
v_stf_frot = v_stf_ftmp * diag(Gamma);
v_stf_f    = reshape(v_stf_frot, 1, []);

% -- scale by sqrt(N_tx*N_tone) --
v_stf_f   = v_stf_f ./ sqrt(N_sts * N_stfsubc);

v_stf_f_sts = repmat(v_stf_f, [N_sts, 1]);

v_stf_f_sts_cds = fcycdel_g(v_stf_f_sts, cshifts(N_sts, 1)/TSAMP, params.BSS_NFFT);

% -- Apply spatial mapping matrix
v_stf_f_tx = zeros(N_tx, size(v_stf_f_sts_cds,2));

% Q - 3D matrix Ntx X Nsts X Nsubc
Q = txvector.EXPANSION_MAT;

idx_occ  = params.BSS_NFFT/2 + ((-params.NFFT_oc/2+1) : params.NFFT_oc/2);
idx_ofset= params.BSS_NFFT/2 + (params.CH_Offset-1)*params.NFFT_oc/2;
for indx = 1:length(idx_occ)
    i_subc = idx_occ(indx);
    v_stf_f_tx(:,idx_ofset + indx) = Q(:,:, indx) * v_stf_f_sts_cds(:,i_subc); 
end

s_vht_stf = cell(params.N_bwseg, 1);
% -- IFFT and windowing --
s_vht_stf{1} = fd2td_g(v_stf_f_tx, E_LONG_CP, params);

if params.N_bwseg == 2
    s_vht_stf{2} = s_vht_stf{1};
end;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/qam_map.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    qam_map.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%
%    -- QAM mapping --
%
%    function omap = qam_map(symb, N_bpsc, modtype)
%
%
%
%
% MODIFICATIONS
%     $Log: qam_map.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:10  ws01
%     *** empty log message ***
%
%     
%     $Id: qam_map.m,v 1.1.2.1 2006/12/05 15:32:10 ws01 Exp $
%
% *******************************************************************************/

function omap = qam_map(symb, N_bpsc, modtype)
global consts params

symbs = bits2numv(symb, N_bpsc);
symbs = reshape(symbs, length(symbs)/size(symb, 2), size(symb, 2));

% -- Map bits to subcarriers --

switch N_bpsc
   case 1,
      w = [-1 1].'; cmul = 1;
      ibits = symbs; qbits = zeros(size(ibits));
      map = w(ibits+1);
   case 2,
      w = [-1 1].'; cmul = 1/sqrt(2);
      ibits = floor(symbs / 2); qbits = bitand(symbs, 1);
      map = w(ibits+1) + j * w(qbits+1);
   case 4,
      w = [-3 -1 3 1].'; cmul = 1/sqrt(10);
      ibits = floor(symbs / 4); qbits = bitand(symbs, 3);
      map = w(ibits+1) + j * w(qbits+1);
   case 6,
      w = [-7 -5 -1 -3 7 5 1 3].'; cmul = 1/sqrt(42);
      ibits = floor(symbs / 8); qbits = bitand(symbs, 7);
      map = w(ibits+1) + j * w(qbits+1);
end
map = map*cmul;

% -- Map subcarriers to frequencies --

NFFT     = (1 + (modtype == 3)) * 64; % FFT length
switch modtype
   case 1 % Legacy 20M [802.11a-1999, p. 31, eq (23)]
      M_k = [(0:4)-26 (5:17)-25 (18:23)-24 (24:29)-23 (30:42)-22 (43:47)-21];
   case 2 % HT 20M,    [802.11n-D1.0, p. 212, eq (20-52)]
      M_k = [(0:6)-28 (7:19)-27 (20:25)-26 (26:31)-25 (32:44)-24 (45:51)-23];
   case 3 % HT 40M,    [802.11n-D1.0, p. 213, eq (20-54)]
      M_k = [(0:4)-58 (5:31)-57 (32:44)-56 (45:53)-55 (54:62)-52 (63:75)-51 (76:102)-50 (103:107)-49];
end

omap = zeros(NFFT, size(symb, 2));
omap(M_k+NFFT/2+1, :) = map;



%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/qam_map_g.m

%/*******************************************************************************

% *  Copyright (C) Cambridge Silicon Radio Ltd 2006

%

% FILE

%    qam_map_g.m

%    

% AUTHOR

%    Andrei Popescu

%

% DESCRIPTION

%    802.11n transmit simulation

%    ---------------------------

%

%    -- QAM mapping --

%

%    function omap = qam_map_g(symb, N_bpsc)

%



% *******************************************************************************/



function s_qam = qam_map_g(b_in, N_bpsc)



symbs = bits2numv(b_in.', N_bpsc);

symbs = reshape(symbs, [], size(b_in, 1));



% -- Map bits to subcarriers --

switch N_bpsc

   case 1,

      w = [-1 1].'; cmul = 1;

      ibits = symbs; qbits = zeros(size(ibits));

      map = w(ibits+1);

   case 2,

      w = [-1 1].'; cmul = 1/sqrt(2);

      ibits = floor(symbs / 2); qbits = bitand(symbs, 1);

      map = w(ibits+1) + 1i * w(qbits+1);

   case 4,

      w = [-3 -1 3 1].'; cmul = 1/sqrt(10);

      ibits = floor(symbs / 4); qbits = bitand(symbs, 3);

      map = w(ibits+1) + 1i * w(qbits+1);

   case 6,

      w = [-7 -5 -1 -3 7 5 1 3].'; cmul = 1/sqrt(42);

      ibits = floor(symbs / 8); qbits = bitand(symbs, 7);

      map = w(ibits+1) + 1i * w(qbits+1);

    case 8

        %%% how to get w

%         gray_code = [0 0 0 0; ...

%                      0 0 0 1; ...

%                      0 0 1 1; ...

%                      0 0 1 0; ...

%                      0 1 1 0; ...

%                      0 1 1 1; ...

%                      0 1 0 1; ...

%                      0 1 0 0; ...

%                      1 1 0 0; ...

%                      1 1 0 1; ...

%                      1 1 1 1; ...

%                      1 1 1 0; ...

%                      1 0 1 0; ...

%                      1 0 1 1; ...

%                      1 0 0 1; ...

%                      1 0 0 0];

%         index_gray = gray_code*2.^([3 2 1 0].')+1;

%         w_b = -15 : 2 : 15;

%         w(index_gray) = w_b;

        

      w = [-15   -13    -9   -11    -1    -3    -7    -5 ...

            15    13     9    11     1     3     7     5].'; 

      cmul = 1/sqrt(170);

      ibits = floor(symbs / 16); qbits = bitand(symbs, 15);

      map = w(ibits+1) + 1i * w(qbits+1);

end

s_qam = map.'*cmul;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/Qmatrix_gen.m

function wk = Qmatrix_gen(txvector, params)
% Expansion matrices (Q) generation
% adapted from Andrei's code
% Fei Tong

% global txvector params;

ieee_Q = txvector.ieee_Q;

constants_def;

% -- Use unitary spreading by default --
if( txvector.FORMAT == E_NON_HT) % legacy
    ieee_Q = 0;
end

N_fft = params.NFFT;
Nfft_h = N_fft/2;
Idx_subc = ((-Nfft_h):(Nfft_h-1))./N_fft;

N_tx = params.N_tx;
N_sts = params.N_sts; 

switch(ieee_Q)
    case 0,  % unitary
        wk = unitary_expansion(Idx_subc, params.N_tx, 1);
%         wk = unitary_expansion(Idx_subc, params.N_tx, params.TSAMP,
%         params.N_sts, 0);
    case 1,  % ieee
        wk = ieee_expansion(N_fft, N_tx, N_sts);
    case 2,  % beamforming
        wk = cell(1, N_fft);
        for k = 1: N_fft
            temB = squeeze( txvector.TxBf(k, :, :));  % Nfft-by-Ntx-by-Nss
            if( size( TxBf, 3) == 1)  % only 1 spatial stream
                temB = temB(:);   % Ntx-by-Nss
            end
            wk{k} = temB;
        end
    case 4,  % DFT precoding
        W_dft = dft_matrix(N_tx);
        Q     = W_dft(:,1:N_sts);
        wk    = repmat(Q, [1,1,N_fft]);
    case 5,  % direction expansion
        D = eye(N_tx);
        Q = D(:,1:N_sts);
        wk= repmat(Q, [1,1,N_fft]);
end

if (txvector.FORMAT ~=0) && (txvector.FORMAT ~= E_VHT)
    N_ess = txvector.NUM_EXTEN_SS;
    wk = ss_cycdel_ac(wk, Idx_subc, params.TSAMP, N_sts, N_ess); % add STS CD
end

function wk = ieee_expansion(N_fft, N_tx, N_sts)

if (N_tx==N_sts)
    Q = eye(N_sts);
else
    if (N_sts==1)
        Q = 1/sqrt(N_tx)*ones(N_tx,1);
    else
        if (N_sts==2 && N_tx==3)
            Q = sqrt(2/3)*([ 1 0 ; 0 1 ; 1 0]);
        end
        if (N_sts==2 && N_tx==4)
            Q = sqrt(2/4)*([1 0 ; 0 1; 1 0 ; 0 1]);
        end
        if (N_sts==3 && N_tx==4)
            Q =sqrt(3/4)*([1 0 0 ; 0 1 0 ; 0 0 1; 1 0 0 ;]);
        end
    end
end

wk = repmat(Q, [1,1,N_fft]);

function wk = unitary_expansion(sc_freqs, N_tx, htMode)
% global txvector;
switch N_tx   % Pcal
   case 1, W = 1;

   case 2, W = [1  -1;
                1  1] * 1/sqrt(2);

   case 3, W = [1               1              1
                1  exp( -1i*2*pi/3) exp(-1i*4*pi/3)
                1  exp( -1i*4*pi/3) exp(-1i*2*pi/3)
                ] * 1/sqrt(3);
                
   case 4, W = [ 1 -1  1  1
                 1  1 -1  1
                 1  1  1 -1
                -1  1  1  1
                ] * 1/sqrt(4);
end

N_fft = length(sc_freqs);

% wk = cell(1, N_fft);
if( htMode)
    wk = repmat(W, [1,1,N_fft]);
%     for k = 1: N_fft
%         wk{k} = W;  % Pcal
%     end
%     if (txvector.SOUNDING)
%         wk = non_ht_cycle_shift_g(wk, sc_freqs, tsamp_ns, N_sts);
%     end
else
	W = ones( N_tx, N_tx) / sqrt( N_tx);  % Legacy, only 1st column of W are used, should be one
    wk = repmat(W, [1,1,N_fft]);
end

return;

function wk = non_ht_cycle_shift_g(wi, sc_freqs, tsamp_ns, N_sts)
% Qk =  Csd * Pcal
% -- Include cyclic delays --, non-ht cyclic shift

Ntx = size( wi{1}, 1);
cshift = [ 0    0    0     0;  ...
		   0   -200	 0     0;  ...
		   0   -100  -200  0;  ...
		   0   -50   -100  -150];  
wk = wi;
for k = 1:length(wi)
	phi = -2*pi*cshift(Ntx, 1:Ntx)/tsamp_ns*sc_freqs(k);
	M_csd = diag(exp(1i*phi));
	wk{k} = M_csd * wi{k}(:, 1:N_sts);
end

function wk = dft_matrix(n)
% Squared DFT matrix
[x,y] = meshgrid(0:n-1,0:n-1);
wk = sqrt(1/n)*exp(-1i*2*pi.*x.*y/n);

%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/scram_t.c

#include <math.h>
#include <stdio.h>
#include <stdarg.h>
#include "mex.h"

static short scram_state = 0;
static short bscram(short bit_in){
	short retv;
    #define Bit3xBit6 (((scram_state >> 3) ^ (scram_state >> 6)) & 1)

	retv = (bit_in ^ Bit3xBit6) & 1;
	scram_state = ((scram_state << 1) | Bit3xBit6) & 0x7F;
	return retv;
}

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[])
	{

	int nin, nout;
	int i, j;
	
	double *pin = NULL, *pcnt = NULL, *pout = NULL;

	if (nrhs != 2) goto Usage;
	if (nlhs >  1) goto Usage;

	if((nin = mxGetNumberOfElements(prhs[1])) > 655350L) {
	  mexPrintf("The input vector is too long.\n");
	  goto Usage;
	}

	if(mxGetNumberOfElements(prhs[0]) != 1) {
	  mexPrintf("The 'Count' input must be a scalar.\n");	  
	  goto Usage;
	}

	if(nin) {
	  plhs[0] = mxCreateDoubleMatrix(nin, 1, 0); pout   = (double *) mxGetPr(plhs[0]);
	}

	pin    = (double *) mxGetPr(prhs[1]);
	pcnt   = (double *) mxGetPr(prhs[0]);

	if(pcnt && (*pcnt != -1)) scram_state = ((short) *pcnt);
/*	mexPrintf("nin: %d., pout: %X, pin: %X\n", nin, pout, pin);
*/

	for(i = 0; i < nin; i++) 
		pout[i] = (double) bscram((short) pin[i]);

	return;	
	
Usage:
	mexPrintf("Usage: [out] = scram(count, in).\nIf count == -1, the scrambler state is not initialised.\n");
	return;
	
}

/*-------------DISCLAIMER--------------
  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
  entirely at recipient�s sole risk, without any warranties of any kind.  
  CSR does not warrant, without limitation, that the Signal Model is fit for
  recipient�s purpose or do not infringe a third party�s intellectual property rights.
  To the fullest extent permitted by law, CSR shall not be liable for any direct,
  indirect, special, incidental, consequential or punitive damages of any kind
  arising out of the use of the Signal Model.
*/
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ieee_tx11ac/stream_parser.m

%/*******************************************************************************

% *  Copyright (C) Cambridge Silicon Radio Ltd 2006

%

% FILE

%    stream_parser.m

%    

% AUTHOR

%    Fei Tong

%

% DESCRIPTION

%    stream parser

%    ---------------------------

%    

%    function bit_pss = stream_parser(bitenc_penc, n_bpscs, n_ss)

%       bitenc_penc : encoded bits per encoder

%       n_bpscs : number of bits per subcarrier

%       n_ss    : number of spatial streams

%

% *******************************************************************************/

function bit_pss = stream_parser(bitenc_penc, n_bpscs, n_ss)



n_es = size(bitenc_penc,1);

n_bitpenc = size(bitenc_penc,2);

n_totbit = n_es * n_bitpenc;



s_low = max(1, n_bpscs/2);

s_cap = sum(s_low);



assert(mod(n_totbit,s_cap)==0);



n_S = floor(n_bitpenc/s_cap);



% sz_blk = s_cap * n_es;

% bitenc_ss = zeros(1, n_totbit);

% for i_S = 1 : n_S

%     tmp = bitenc_penc(:, (i_S-1)*s_cap + 1 : i_S*s_cap);

%     bitenc_ss((i_S-1)*sz_blk + 1 : i_S*sz_blk) = reshape(tmp.', 1,[]);

% end;

% if mod(n_bitpenc, s_cap)~=0

%     tmp = bitenc_penc(:, (n_S*s_cap+1):end);

%     bitenc_ss(n_S*sz_blk + 1 : end) = reshape(tmp.',1,[]);

% end;



n_scap = floor(n_bitpenc/s_cap);

bitenc_ss = zeros(s_cap, n_es*n_scap);

for i_enc = 1 : n_es

    bitenc_ss(:,i_enc:n_es:end) = reshape(bitenc_penc(i_enc, 1:n_scap*s_cap), s_cap, []);

end;



if mod(n_bitpenc, s_cap)~=0

    tmp = bitenc_penc(:, (n_S*s_cap+1):end);

    bitenc_ss = [bitenc_ss, reshape(tmp.', s_cap,[])];

end;



% bitenc_ss = reshape(bitenc_ss, s_low(1)*n_ss, []);

bitenc_ss = reshape(bitenc_ss, s_cap, []);



bit_pss = cell(n_ss,1); % zeros(n_ss, n_bitpss);

for i_ss = 1 : n_ss

    % bit_pss{i_ss} = reshape(bitenc_ss((i_ss-1)*s_low + 1: i_ss*s_low, :), 1, []);

    bit_pss{i_ss} = reshape(bitenc_ss(sum(s_low(1:i_ss-1))+(1:s_low(i_ss)), :), 1, []);

end;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/tone_mapping_11ac.m

%/*************************************************************************

% *  Copyright (C) Cambridge Silicon Radio Ltd 2006

%

% FILE

%    tone_mapping_11ac.m

%    

% AUTHOR

%    Fei Tong

%

% DESCRIPTION

%    802.11ac LDPC tone mapping

%    ---------------------

%

%    function s_out = tone_mapping_11ac(s_in, d_tm, Nsd_t)

%    s_in   : constellation symbol in

%    d_tm   : tone mapping distance

%    Nsd_t  : total number of data subcarriers

%

%*************************************************************************/

function [s_out, idx_tm] = tone_mapping_11ac(s_in, d_tm, Nsd_t)

% tone mapping is done per spatial stream per OFDM symbol



constants_def;



n_f = size(s_in,2);



n_sd = min(Nsd_t, 234);

idx_in = 0 : min(n_sd-1, 233);

idx_tm = d_tm.*mod(idx_in, n_sd/d_tm) + floor(idx_in*d_tm/n_sd) + 1;



s_out = zeros(size(s_in));

if n_f == 468

    assert(n_f/2==234)    

    s_out(:,1+idx_in,:) = s_in(:,idx_tm, :);

    s_out(:,235+idx_in,:) = s_in(:,234+idx_tm, :);

else

    assert(n_f == n_sd);

    s_out = s_in(:,idx_tm, :);

end;   
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/tx_11ac.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    tx_11ac.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    11ac transmitter wrapper
%    ---------------------------
%    
%    function [s_bb, tv_str] = tx_11ac(varargin)
%       varargin : input variables
%
% *******************************************************************************/
function [s_bb, tv_str] = tx_11ac(varargin)
% VHT TX model top level wrapper

constants_def;
consts = wlan_const_set;
[txvector, params] = wlan_txparam_set(varargin, consts);

PSLEN = params.PS_len;
DSLEN = params.DS_len;

s = [];
symbs = []; 
tv_str = [];
if txvector.Apply_Window
    sptr = params.WTINDEX(1); 
else
    sptr = 0;
end

if txvector.FORMAT ~= E_HT_GF
    l_stf_t = preamble_l_stf_ac(params, consts);
    s.symb = l_stf_t(:,1);
    s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
    s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
    
    l_ltf_t = preamble_l_ltf_ac(params, consts);
    s.symb = l_ltf_t(:,1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
    s.symb = l_ltf_t(:,2); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
    [l_sig_t, l_sig_bits_out, l_sig_conve_out, l_sig_ilv_out, l_sig_fd_out, l_sig_fbfdtx_out] = preamble_l_sig_ac(txvector, params, consts);
    s.symb = l_sig_t; s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
    
    % log into test vector
    tv_str.L_STF.l_stf_t = l_stf_t;
    tv_str.L_LTF.l_ltf_t = l_ltf_t;

    tv_str.L_SIG.l_sig_bits = l_sig_bits_out;
    tv_str.L_SIG.l_sig_conv = l_sig_conve_out;
    tv_str.L_SIG.l_sig_ilv  = l_sig_ilv_out;
    tv_str.L_SIG.l_sig_fd   = l_sig_fd_out;
    tv_str.L_SIG.l_sig_fbfdtx   = l_sig_fbfdtx_out;
end;

switch txvector.FORMAT
    case E_VHT
        [vht_siga, vht_siga_bits, vht_siga_conve_out, vht_siga_ilv_out, vht_siga_fd_out] = preamble_vht_siga(txvector, params, consts);
        s.symb = vht_siga(:,1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        s.symb = vht_siga(:,2); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        
        vht_stf = preamble_vht_stf(txvector, params);
        s.symb = vht_stf; s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        
        [vht_ltf, v_ltf_fd_out] = preamble_vht_ltf(txvector, params, consts);
        for i_ltf = 1 : size(vht_ltf,2)
            s.symb = vht_ltf(:,i_ltf); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        end;
        
        [vht_sigb, crc_sigb, vht_sigb_bits, vht_sigb_conve_out, vht_sigb_ilv_out, vht_sigb_fd_out, vht_sigb_fdsts_out] = preamble_vht_sigb(txvector, params, consts);
        params.crc_sigb = crc_sigb;
        s.symb = vht_sigb; s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        
        % log into test vector
        tv_str.V_SIGA.v_siga_bits = vht_siga_bits;
        tv_str.V_SIGA.v_siga_conv = vht_siga_conve_out;
        tv_str.V_SIGA.v_siga_ilv  = vht_siga_ilv_out;
        tv_str.V_SIGA.v_siga_fd   = vht_siga_fd_out;
        
        tv_str.V_STF.v_stf_t  = vht_stf;
        tv_str.V_LTF.v_ltf_t  = vht_ltf;
        tv_str.V_LTF.v_ltf_fd = v_ltf_fd_out;
                
        tv_str.V_SIGB.v_sigb_bits = vht_sigb_bits;
        tv_str.V_SIGB.v_sigb_crc  = crc_sigb;
        tv_str.V_SIGB.v_sigb_conv = vht_sigb_conve_out;
        tv_str.V_SIGB.v_sigb_ilv  = vht_sigb_ilv_out;
        tv_str.V_SIGB.v_sigb_fd   = vht_sigb_fd_out; 
        tv_str.V_SIGB.v_sigb_fdsts = vht_sigb_fdsts_out;
    case E_HT_MF
        % ***************  Make HT-SIG *******************
        [ht_sig, ht_sig_bits, ht_sig_conve_out, ht_sig_ilv_out, ht_sig_map_out, ht_sig_cmap_out] = preamble_ht_sig_ac(txvector, params);
        s.symb = ht_sig(1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        s.symb = ht_sig(2); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;        
        
        ht_stf = preamble_ht_stf_ac(txvector, params);
        s.symb = {ht_stf}; s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        
        % ***************  Make HT-LTFs *******************
        for n = 1:params.N_dltf
            ht_ltfn = preamble_ht_ltf_ac(txvector, params, n);
            s.symb = ht_ltfn(1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        end
        for n = 1:params.N_eltf
            ht_ltfn = preamble_ht_ltf_ac(txvector, params, n+N_dltf);
            s.symb = ht_ltfn(1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        end
    case E_HT_GF        
        % ***************  Make HT-STF *******************
        ht_stf = preamble_ht_stf_ac(txvector, params); s.symb = {ht_stf};
        s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        
        % ***************  Make HT-LTF1 *******************
        ht_ltfn = preamble_ht_ltf_ac(txvector, params, 1);
        s.symb = ht_ltfn(1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        s.symb = ht_ltfn(2); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        
        % ***************  Make HT-SIG *******************
        [ht_sig, ht_sig_bits, ht_sig_conve_out, ht_sig_ilv_out, ht_sig_map_out, ht_sig_cmap_out] = preamble_ht_sig_ac(txvector, params);
        s.symb = ht_sig(1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        s.symb = ht_sig(2); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;        

        % ***************  Make HT-LTFs *******************
        for n = 2:params.N_dltf
            ht_ltfn = preamble_ht_ltf_ac(txvector, params, n);
            s.symb = ht_ltfn(1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        end
        for n = 1:params.N_eltf
            ht_ltfn = preamble_ht_ltf(n+N_dltf);
            s.symb = ht_ltfn(1); s.start = sptr; symbs = [symbs s]; sptr = sptr + PSLEN;
        end
    case {E_NON_HT, E_NON_HT_DUP}
end;

[osym_t, tv_str] = ofdmsym_11ac(txvector, params, consts, tv_str);

for i_sym = 1 : params.N_sym        
    s.symb = osym_t(:,i_sym); s.start = sptr; symbs = [symbs s]; sptr = sptr + DSLEN;    
end

s_bb = tx_assy_g(symbs, params);

tv_str.symbs = symbs;

tv_str.txvector = txvector;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/tx_assy_g.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    tx_assy_g.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    Assembles an 802.11n burst from its component symbols
%
%    function b = tx_assy(symbs)
%
% *******************************************************************************/

function s_bb = tx_assy_g(symbs, params)
% global params txvector; 

if params.App_Win
    OFF = abs(params.WTINDEX(1)) + 1;
else
    OFF = 1;
end

blen = params.Nsym_pre * params.PS_len + (length(symbs)-params.Nsym_pre) * params.DS_len + OFF + 10;
s_bb = cell(params.N_bwseg, 1);

for i_seg = 1 : params.N_bwseg
    b = zeros(params.N_tx, blen);
    for k = 1:length(symbs)
        len_s = size(symbs(k).symb{i_seg},2);
        b(:, OFF + symbs(k).start+(0:len_s-1)) = ...
        b(:, OFF + symbs(k).start+(0:len_s-1)) + symbs(k).symb{i_seg};
    end
    s_bb{i_seg} = b;
end;

%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/vht_tx_tb.m

% VHT TX model test bench



constants_def;



BW = {'VHT20M', 'VHT40M', 'VHT80M', 'VHT160M', 'VHT80+80M'};

ieee_op = 4;

gi_flag = 1;

ldpc_op = 1;



ieee_str = sprintf('IEEEQ:%g', ieee_op);

fec_str  = sprintf('LDPC_CODING:%g', ldpc_op);

gi_str   = sprintf('ShortGI:%g', gi_flag);



% for i_bw = 1 : length(BW)

%     bw_str = sprintf('BW:%s',BW{i_bw});

%     for i_ss = 1 : 8

%         nss_str = sprintf('N_ss:%g', i_ss);

%         mcs_tbl = mcs_tbl_ac(min(7, 3+i_bw), i_ss);

%         for i_mcs = 1 : 10

%             if (mcs_tbl(i_mcs,8)==0)

%                 break;

%             end;

%             mcs_str = sprintf('MCS:%g',i_mcs-1);

%             for i_tx = i_ss : 8

%                 tx_str = sprintf('N_tx:%g',i_tx);

%                 sprintf('%s %s %s %s %s', bw_str, fec_str, mcs_str, tx_str, nss_str)

%                 s_bbac = tx_11ac('VHT', bw_str, tx_str, nss_str, mcs_str, ieee_str, fec_str, gi_str);

%                 size(s_bbac{1})

%             end;

%         end;

%     end;

% end;



% STBC

stbc_str = sprintf('STBC:%g', 1);

for i_bw = 1 : length(BW)

    bw_str = sprintf('BW:%s',BW{i_bw});

    for i_ss = 1 : 4

        nss_str = sprintf('N_ss:%g', i_ss);

        mcs_tbl = mcs_tbl_ac(min(7, 3+i_bw), i_ss);

        for i_mcs = 1 : 10

            if (mcs_tbl(i_mcs,8)==0)

                break;

            end;

            mcs_str = sprintf('MCS:%g',i_mcs-1);

            for i_tx = 2*i_ss : 8

                tx_str = sprintf('N_tx:%g',i_tx);

                sprintf('%s %s %s %s %s', bw_str, fec_str, mcs_str, tx_str, nss_str)

                s_bbac = tx_11ac('VHT', bw_str, tx_str, nss_str, mcs_str, ieee_str, fec_str, gi_str, stbc_str);

                size(s_bbac{1})

            end;

        end;

    end;

end;






ieee_tx11ac/wlan_const_set.m

%/*************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    wlan_const_set.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    WLAN transmitter constants setup
%    ---------------------------
%    
%    function consts = wlan_const_set
%
% *************************************************************************/
function consts = wlan_const_set
% global consts

% *************** Constants ***************
% 0 = LEG 20MHz, 1 = HT 20MHz,  2 = HT  40 MHz, 3 = VHT 20MHz, 
% 4 = VHT 40MHz, 5 = VHT 80MHz, 6 = VHT 160MHz, 7 = VHT 80+80MHz
% note 1: LEG 20MHz can be configured with all BSS BW, together with Channel
% offset parameter
% note 2: LEG 20MHz can be configured with all BSS BW, together with
% Duplicate flag on

% BW refers to the bandwidth occupied by a single signal replica
consts.BW_per_bw_type           = [      20,      20,      40,       20,       40,       80,       160,         160]; 
consts.ModtypeNames             = {'LEG20M', 'HT20M', 'HT40M', 'VHT20M', 'VHT40M', 'VHT80M', 'VHT160M', 'VHT80P80M'};

consts.Num_BW_seg               = [       1,       1,       1,        1,        1,        1,         1,          2];
consts.BW_per_bw_seg            = [      20,      20,      40,       20,       40,       80,       160,         80]; 
consts.Nsd_per_seg              = [      48,      52,     108,       52,      108,      234,       468,        234];
consts.Nst_per_seg              = [      52,      56,     114,       56,      114,      242,       484,        242];

consts.N_sd_per_modtype         = [      48,      52,     108,       52,      108,      234,       468,        468];
consts.Max_Streams_per_modtype  = [       1,      4,        4,        8,        8,        8,         8,          8];
consts.N_tones_per_modtype      = [      52,      56,     114,       56,      114,      242,       484,        242];

% 20M, 40M, 80M, 160M
consts.bw_code = [0 0; 1 0; 0 1; 1 1];

% STF
consts.L_STF_20 = 1/sqrt(2)*[0,0,1+1i,0,0,0,-1-1i,0,0,0,1+1i,0,0,0,-1-1i,0,0,0,-1-1i,0,0,0,1+1i,0,0,0,... % 802.11n-D1.0, (20-5)
                             0,0,0,0,-1-1i,0,0,0,-1-1i,0,0,0,1+1i,0,0,0,1+1i,0,0,0,1+1i,0,0,0,1+1i,0,0];

% LTF
consts.NLTF_tble   = [1, 2, 4, 4, 6, 6, 8, 8];

consts.LTF_L = [1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1, 1, 1, 1, 1,-1,-1, 1, 1,-1, 1, -1, 1, 1, 1, 1];
consts.LTF_R = [1,-1,-1, 1, 1,-1, 1,-1, 1,-1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1, -1, 1, 1, 1, 1];

consts.L_LTF_20 = [1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1, 1, 1, 1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1, 1, 1, 0, ...
                   1,-1,-1, 1, 1,-1, 1,-1, 1,-1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1,-1, 1, 1, 1, 1];

consts.P_4x4 = [ 1,-1, 1, 1; ...
                 1, 1,-1, 1; ...
                 1, 1, 1,-1; ...
                -1, 1, 1, 1];

w = exp(-1i*pi/3);            
consts.P_6x6 = [ 1,    -1,     1,    1,      1,     -1; ...
                 1,    -w,  w.^2, w.^3,   w.^4,  -w.^5; ...
                 1, -w.^2,  w.^4, w.^6,   w.^8, -w.^10; ...
                 1, -w.^3,  w.^6, w.^9,  w.^12, -w.^15; ...
                 1, -w.^4,  w.^8, w.^12, w.^16, -w.^20; ...
                 1, -w.^5, w.^10, w.^15, w.^20, -w.^25];

consts.P_8x8 = kron([1 1; 1 -1], consts.P_4x4);

consts.Pi_4x4 = inv(consts.P_4x4);
consts.Pi_6x6 = inv(consts.P_6x6);
consts.Pi_8x8 = inv(consts.P_8x8);

consts.R_4x4 = consts.P_4x4(1,:);
consts.R_6x6 = consts.P_6x6(1,:);
consts.R_8x8 = consts.P_8x8(1,:);

consts.Ri_4x4 = repmat(consts.Pi_4x4(:,1), [1,4]);
consts.Ri_6x6 = repmat(consts.Pi_6x6(:,1), [1,6]);
consts.Ri_8x8 = repmat(consts.Pi_8x8(:,1), [1,8]);

% cyclic delay values
cshifts_vht = zeros(8,8);
cshifts_vht(1:8, 1) = zeros(8,1);
cshifts_vht(2:8, 2) = -400*ones(7,1);
cshifts_vht(3:8, 3) = -200*ones(6,1);
cshifts_vht(4:8, 4) = -600*ones(5,1);
cshifts_vht(5:8, 5) = -350*ones(4,1);
cshifts_vht(6:8, 6) = -650*ones(3,1);
cshifts_vht(7:8, 7) = -100*ones(2,1);
cshifts_vht(8, 8)   = -750;

consts.cshifts_vht = cshifts_vht;

% pilot and pilot subcarrier locations
consts.S_pilot_20   =  [ 1;  1;   1;   -1];
consts.S_pilot_40   =  [ 1;  1;   1;   -1;  -1;   1];
consts.S_pilot_80   =  [ 1;  1;   1;   -1;  -1;   1;   1;   1];

consts.Idx_pilot_20 = [-21 -7 7 21] + 33;
consts.Idx_pilot_40 = [-53 -25 -11 11 25 53] + 65;
consts.Idx_pilot_80 = [-103 -75 -39 -11 11 39 75 103] + 129;
consts.Idx_pilot_160 = [-231 -203 -167 -139 -117 -89 -53 -25 ...
                          25 53 89 117 139 167 203 231] + 257;

consts.Polar_pilot  = 2 * scram_t(127, ones(1,127)).' - 1;

% Following data subcarrier locations (generated from a function
consts.idx_dsubc_20leg = [(0:4)-26 (5:17)-25 (18:23)-24 ...
                          (24:29)-23 (30:42)-22 (43:47)-21] + 33;
                      
% consts.idx_dsubc_40leg = [consts.idx_dsubc_20leg, consts.idx_dsubc_20leg + 32];

consts.idx_dsubc_20 = [(0:6)-28 (7:19)-27 (20:25)-26 ...
                       (26:31)-25 (32:44)-24 (45:51)-23] + 33;
                   
consts.idx_dsubc_40 = [(0:4)-58 (5:31)-57 (32:44)-56 (45:53)-55 ...
                       (54:62)-52 (63:75)-51 (76:102)-50 (103:107)-49] + 65;
                   
consts.idx_dsubc_80 = [(0:18)-122 (19:45)-121 (46:80)-120 (81:107)-119 ...
                       (108:116)-118 (117:125)-115 (126:152)-114 ...
                       (153:187)-113 (188:214)-112 (215:233)-111] + 129;

consts.idx_dsubc_160= [(0:18)-250 (19:45)-249 (46:80)-248 (81:107)-247 ...
                       (108:116)-246 (117:125)-243 (126:152)-242 ... 
                       (153:187)-241 (188:214)-240 (215:233)-239 ...
                       (234:252)-228 (253:279)-227 (280:314)-226 ...
                       (315:341)-225 (342:350)-224 (351:359)-221 ...
                       (360:386)-220 (387:421)-219 (422:448)-218 ...
                       (449:467)-217] + 257;

% per 20MHz phase rotation
consts.Gamma_20  = 1;
consts.Gamma_40  = [1; 1i];
consts.Gamma_80  = [1; -1; -1; -1];
consts.Gamma_160 = [1; -1; -1; -1; 1; -1; -1; -1];

% interleave parameters
% columns   : legacy 20M, HT 20M, HT 40M, HT 80M
% first row : number of columns
% second row: times of Nbpscs
% third row : number of rotations
consts.intlv_param = [16, 13, 18, 26; ...
                       1,  4,  6,  9; ...
                       1, 11, 29, 58; ...
                       1,  6, 13, 28];

% ratecodes = bin2dec(['1101';'1111';'0101';'0111';'1001';'1011';'0001';'0011']);
% rates     =         [     6;     9;    12;    18;    24;    36;    48;    54];
                   
consts.rate_table  = [  1 1 0 1; ...
                        1 1 1 1; ...
                        0 1 0 1; ...
                        0 1 1 1; ...
                        1 0 0 1; ...
                        1 0 1 1; ...
                        0 0 0 1; ...
                        0 0 1 1];
                    
% tone mapping distance for 20M, 40M, 80M, 160/80+80M                    
consts.tonemapping_table = [4 6 9 9];
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/wlan_txparam_set.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    wlan_txparam_set.m
%    
% AUTHOR
%    Fei Tong
%
% DESCRIPTION
%    WLAN transmitter parameters setup
%    ---------------------------
%    
%    function wlan_txparam_set(varargin_str, consts)
%
% *******************************************************************************/
function [txvector, params] = wlan_txparam_set(varargin_str, consts)

% global txvector params consts output_rate FFTSat 

constants_def;

% -- Default TXVECTOR --
txvector.FORMAT  =  E_VHT;

txvector.NDP     =  0; % 1 = Null Data Packet

bw_str = 'VHT20M'; % for user input
txvector.BW      =  HT_CBW20;
txvector.BW_str  =  bw_str;

% Channel offset, +/- integer number of offset steps, offset step is half
% signal bandwidth NFF/2
txvector.CH_OFFSET    =  0;

% Equal MCS for VHT
txvector.MCS          =  1; 
txvector.N_ss         =  1; 

txvector.SHORT_GI     =  0;
txvector.SOUNDING     =  0;
txvector.STBC         =  0;
txvector.LDPC_CODING  =  0;         % 1=>LDPC

txvector.NUM_EXTEN_SS =  0;
txvector.SMOOTHING    =  0;         % enables subcarrier channel smoothing
txvector.AGGREGATION  =  0;
txvector.LSIG_PROT    =  0;         % if using L-SIG Txop protection, the protected time in us
txvector.ANTENNA_SET  =  ones(1, txvector.N_ss);
txvector.ADD_CRC      =  0;         % add CRC to the end of input bytes
txvector.Apply_Window =  0;         % Option to apply time-domain window
txvector.Window_T_TR  =  100;       % Window overlap time in ns

txvector.MIMO_MODE = 'SU';  % MIMO mode
txvector.N_UE = 1;
txvector.TxBf = 0;          % no beamforming 

txvector.P_AID = 1373; % a random number for the time being

txvector.IND_CH_BW  = 0; % 0: not present, 1: present
txvector.IND_DYN_BW = 0; % 0: not present, 1: present

% use IEEE Q matrices: 0=>unitary, 1=>ieee (identity), 2=>beamforming
txvector.ieee_Q  = 0;
txvector.SOUNDING= 0;

txvector.TX_OP = 0;

txvector.file_output = 0; % produce output files at various stages of processing

% Tx default scramble seed
% scram_seed = hex2dec('5d');
scram_seed = hex2dec('59'); % unsymmetric seed

initTxBf = txvector.TxBf;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%                 Parse input and setup TXVECTOR
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
mark = 0;
FFTSat = 0;
i_user = 0;
for k=1:length(varargin_str)
    if( mark), mark = 0; continue; end
    if isnumeric(varargin_str{k})
        i_user = i_user + 1;
        txvector.DATA{i_user} = varargin_str{k}; 
    else
        [a,b] = strtok(varargin_str{k}, ':');
        switch a
            case 'BW'              , bw_str = sscanf(b(2:end), '%s');
            case 'BSS_BW'          , bss_bw = sscanf(b(2:end), '%d');
            case 'CH_OFFSET'       , txvector.CH_OFFSET = sscanf(b(2:end), '%d');
            case 'Legacy'          , txvector.FORMAT = E_NON_HT;
            case 'NONHT-DUP'       , txvector.FORMAT = E_NON_HT_DUP;
            case 'HT-MM'           , txvector.FORMAT = E_HT_MF;
            case 'HT-GF'           , txvector.FORMAT = E_HT_GF;
            case 'VHT'             , txvector.FORMAT = E_VHT;
            case 'NDP'             , txvector.NDP    = sscanf(b(2:end), '%d');
            case 'MU'              , txvector.MIMO_MODE = 'MU'; txvector.N_UE = sscanf(b(2:end), '%d');
            case {'MCS', 'Rate'}   , txvector.MCS = sscanf(b(2:end), '%d,');
            case 'STBC'            , txvector.STBC = sscanf(b(2:end), '%d');
            case 'N_tx'            , txvector.ANTENNA_SET = 1:sscanf(b(2:end), '%d');
            case 'N_ss'            , txvector.N_ss = sscanf(b(2:end), '%d,');
            case 'N_ess'           , txvector.NUM_EXTEN_SS = sscanf(b(2:end), '%d');
            case 'Smoothing'       , txvector.SMOOTHING = sscanf(b(2:end), '%d');
            case 'ShortGI'         , txvector.SHORT_GI = sscanf(b(2:end), '%d');
            case 'Aggr'            , txvector.AGGREGATION = sscanf(b(2:end), '%d');
            case 'Sounding'        , txvector.SOUNDING = sscanf(b(2:end), '%d');
            case 'LSigProt'        , txvector.LSIG_PROT = sscanf(b(2:end), '%d');
            case 'FileOut'         , file_output = sscanf(b(2:end), '%d');
            case 'IEEEQ'           , txvector.ieee_Q = sscanf(b(2:end), '%d'); % Q matrices type
            case 'AddCRC'          , txvector.ADD_CRC = sscanf(b(2:end), '%d');
            case 'LDPC_CODING'     , txvector.LDPC_CODING = sscanf(b(2:end), '%d');

            % beamforming related
            case 'Beamforming'     , % Nfft-by-Ntx-by-Nsts, Nfft=>[Neg, Pos]
                txvector.TxBf = varargin_str{k+1};  mark = 1;   initTxBf = 1;
            % scramble seed
            case 'Scram_seed'      , scram_seed = sscanf(b(2:end), '%d');
            case 'Apply_Window'    , txvector.Apply_Window = sscanf(b(2:end), '%d');
            case 'Window_T_TR'     , txvector.Window_T_TR  = sscanf(b(2:end), '%d');
            case 'FFTSat'          , FFTSat = sscanf(b(2:end), '%d');
            % case 'MrcConfig'       , MrcConfig = sscanf(b(2:end), '%d');
            % case 'EN_PAPR'         , EnPapr = sscanf(b(2:end), '%d');
            case 'TX_OP'           , txvector.TX_OP = sscanf(b(2:end), '%d');

            otherwise              , error(['Unknown option: ''' varargin_str{k} '''' ] );
        end
    end    
end

if i_user < txvector.N_UE
    % LENGTH derived from data
    for i_ue = (i_user+1) : txvector.N_UE
        txvector.DATA{i_ue}  =  (1:1000);
    end;
end;

if length(txvector.N_ss) < txvector.N_UE
    txvector.N_ss = ones(1, txvector.N_UE);
end;

if length(txvector.LDPC_CODING) < txvector.N_UE
    txvector.LDPC_CODING = ones(1,txvector.N_UE)*txvector.LDPC_CODING;
end;

N_tx = length(txvector.ANTENNA_SET);
txvector.N_TX = N_tx;

if( initTxBf == 0 && txvector.ieee_Q == 2)
    error( 'Beamforming requires beamforming matrix');
end

if( txvector.SOUNDING == 1)
    txvector.ieee_Q = 0; % unitary spatial mapping
end

txvector.BW_str = bw_str;
switch txvector.FORMAT 
    case E_VHT
        txvector.FRMT_str = 'E_VHT';
        % Tx_Format indexing the ModtypeNames table
        if strfind(bw_str, '20')
            txvector.BW = HT_CBW20;
            params.Tx_Format = E_VHT20M;
            idx_intlvtbl = 2;
            params.D_tm = 4;
            tx_bw = 20;
        elseif strfind(bw_str, '40')
            txvector.BW = HT_CBW40;
            params.Tx_Format = E_VHT40M;
            idx_intlvtbl = 3;
            params.D_tm = 6;
            tx_bw = 40;
        elseif length(strfind(bw_str, '80'))==1
            txvector.BW = HT_CBW80;
            params.Tx_Format = E_VHT80M;
            idx_intlvtbl = 4;
            params.D_tm = 9;
            tx_bw = 80;
        elseif strfind(bw_str, '160')
            txvector.BW = HT_CBW160;
            params.Tx_Format = E_VHT160M;
            idx_intlvtbl = 4;
            bss_bw = 160; % maximal BW has to be equal to BSS BW
            params.D_tm = 9;
        elseif strfind(bw_str, '80+80')
            txvector.BW = HT_CBW80P80;
            params.Tx_Format = E_VHT80P80M;
            idx_intlvtbl = 4;            
            bss_bw = 80; % maximal BW has to be equal to BSS BW
            params.D_tm = 9;
        end;
        
        if exist('bss_bw','var')
            params.BSS_BW  = bss_bw;
        else 
            params.BSS_BW  = tx_bw;
        end;

        output_rate = params.BSS_BW;
        ch_bw = consts.BW_per_bw_seg(params.Tx_Format);
        params.NFFT_oc = 64*ch_bw/20;
    case E_NON_HT
        txvector.FRMT_str = 'E_LEG20M';
        params.Tx_Format = E_LEG20M;
        idx_intlvtbl = 1;
        
        if strfind(bw_str, '20')
            txvector.BW = NON_HT_CBW20;
            params.BSS_BW = 20;
        elseif strfind(bw_str, '40')
            txvector.BW = NON_HT_CBW40;
            params.BSS_BW = 40;
        elseif strfind(bw_str, '80')
            txvector.BW = NON_HT_CBW80;
            params.BSS_BW = 80;
        elseif strfind(bw_str, '160')
            txvector.BW = NON_HT_CBW160;
            params.BSS_BW = 160;
        end;

        output_rate = params.BSS_BW;
        params.NFFT_oc = 64;
    case E_NON_HT_DUP
        txvector.FRMT_str = 'E_NON_HT_DUP';
        params.Tx_Format = E_LEG20M;
        idx_intlvtbl = 1;

        if strfind(bw_str, '20')
            txvector.BW = NON_HT_CBW20;
            params.BSS_BW = 20;
        elseif strfind(bw_str, '40')
            txvector.BW = NON_HT_CBW40;
            params.BSS_BW = 40;
        elseif strfind(bw_str, '80')
            txvector.BW = NON_HT_CBW80;
            params.BSS_BW = 80;
        elseif strfind(bw_str, '160')
            txvector.BW = NON_HT_CBW160;
            params.BSS_BW = 160;
        end;        

        output_rate = params.BSS_BW;
        params.NFFT_oc = 64*params.BSS_BW/20;
        txvector.CH_OFFSET = 0; 
    case {E_HT_MF E_HT_GF}
        if txvector.FORMAT == E_HT_MF
            txvector.FRMT_str = 'E_HT_MF';
        else
            txvector.FRMT_str = 'E_HT_GF';
        end;
        if strfind(bw_str, '20')
            params.Tx_Format = E_HT20M;
            txvector.BW = HT_CBW20;
            tx_bw = 20;
            idx_intlvtbl = 2;
        elseif strfind(bw_str, '40')
            params.Tx_Format = E_HT40M;
            txvector.BW = HT_CBW40;
            tx_bw = 40;
            idx_intlvtbl = 3;
        else
            assert(0>1, 'Invalid Channel BW');
        end;
        
        if exist('bss_bw','var')
            params.BSS_BW  = bss_bw;
        else
            params.BSS_BW  = tx_bw;
        end;
        
        if txvector.MCS == 32
            idx_intlvtbl = 1;
        end;
        
        output_rate = params.BSS_BW;
        ch_bw = consts.BW_per_bw_seg(params.Tx_Format);    
        params.NFFT_oc = 64*ch_bw/20;        
end;

params.idx_intlvtbl = idx_intlvtbl;

if txvector.CH_OFFSET == 0
    txvector.CH_OFFSET = 0;
elseif txvector.CH_OFFSET > 1
    txvector.CH_OFFSET = txvector.CH_OFFSET*2;
elseif txvector.CH_OFFSET < -1
    txvector.CH_OFFSET = txvector.CH_OFFSET*2 + 1;
end;

% FEC, OFDM modulation parameters
switch txvector.FORMAT 
    case E_VHT
        Nss_ue  = zeros(1,txvector.N_UE);
        Nsts_ue = zeros(1,txvector.N_UE);
        for i_ue = 1 : txvector.N_UE
            % calculate FEC (BCC) parameters for each user
            assert((txvector.MCS(i_ue)<=9)&&(txvector.MCS(i_ue)>=0));
            i_mcs = txvector.MCS(i_ue) + 1;
            Nss_ue(i_ue) = txvector.N_ss(i_ue);
            
            mcs_tbl = mcs_tbl_ac(params.Tx_Format, Nss_ue(i_ue));
            assert(mcs_tbl(i_mcs, 8)==1);
            
            params.MCSCODE(i_ue).mcs  = txvector.MCS(i_ue);
            params.MCSCODE(i_ue).mods = mcs_tbl(i_mcs, 1)*ones(1,Nss_ue(i_ue));
            params.MCSCODE(i_ue).crate= sprintf('%g/%g',mcs_tbl(i_mcs, 6), mcs_tbl(i_mcs, 7));
            params.MCSCODE(i_ue).raten= mcs_tbl(i_mcs, 4)/mcs_tbl(i_mcs, 3);
            params.MCSCODE(i_ue).nes_a= mcs_tbl(i_mcs, 5);
            params.MCSCODE(i_ue).ndbps= mcs_tbl(i_mcs, 4);
            params.MCSCODE(i_ue).ncbps= mcs_tbl(i_mcs, 3);
            params.MCSCODE(i_ue).enc_type = 1;
            
            % STBC = 1, STBC enabled
            Nsts_ue(i_ue) = (1 + txvector.STBC)*Nss_ue(i_ue); 
            
            params.MCSCODE(i_ue).idx_intlvtbl = idx_intlvtbl;
            params.MCSCODE(i_ue).intlv_ncol   = consts.intlv_param(1,idx_intlvtbl);
            params.MCSCODE(i_ue).intlv_nrow   = consts.intlv_param(2,idx_intlvtbl);
            if Nss_ue(i_ue) > 4
                txvector.MCSCODE(i_ue).intlv_nrot  = consts.intlv_param(4,idx_intlvtbl);
            else
                txvector.MCSCODE(i_ue).intlv_nrot  = consts.intlv_param(3,idx_intlvtbl);
            end;
        end;
        txvector.NUM_STS = Nsts_ue;
        params.Nsts_ue = Nsts_ue;
        assert(sum(Nsts_ue)<=N_tx);
        N_sts = sum(Nsts_ue);
        N_ss  = txvector.N_ss;
    case {E_NON_HT, E_NON_HT_DUP}
        % calculate FEC (BCC) parameters
        assert((txvector.MCS<8)&&(txvector.MCS>=0));
        i_mcs = txvector.MCS + 1;
        N_ss = 1;
        N_sts = 1;
        
        mcs_tbl = mcs_tbl_ac(params.Tx_Format, N_ss);
        
        params.MCSCODE.mcs  = txvector.MCS;
        params.MCSCODE.mods = mcs_tbl(i_mcs, 1)*ones(1,N_ss);
        params.MCSCODE.crate= sprintf('%g/%g',mcs_tbl(i_mcs, 6), mcs_tbl(i_mcs, 7));  
        params.MCSCODE.raten= mcs_tbl(i_mcs, 4)/mcs_tbl(i_mcs, 3);
        params.MCSCODE.nes_a= mcs_tbl(i_mcs, 5);
        params.MCSCODE.ndbps= mcs_tbl(i_mcs, 4);
        params.MCSCODE.ncbps= mcs_tbl(i_mcs, 3);
        
        params.MCSCODE.idx_intlvtbl = idx_intlvtbl;
        params.MCSCODE.intlv_ncol   = consts.intlv_param(1,idx_intlvtbl);
        params.MCSCODE.intlv_nrow   = consts.intlv_param(2,idx_intlvtbl);
        params.MCSCODE.intlv_nrot   = consts.intlv_param(3,idx_intlvtbl);
        params.MCSCODE.enc_type = 0;
    case {E_HT_MF E_HT_GF}
        if (txvector.BW == HT_CBW20)
            if ~exist('mcs20','var'), load MCS; end
            params.MCSCODE = mcs20{txvector.MCS+1};
            N_ss  = length(params.MCSCODE.mods);
        elseif  (txvector.BW == HT_CBW40)
            if ~exist('mcs40','var'), load MCS; end
            params.MCSCODE = mcs40{txvector.MCS+1};
            N_ss  = length(params.MCSCODE.mods);            
        end
        txvector.N_ss = N_ss;
        params.MCSCODE.ncbps = params.MCSCODE.ndbps./params.MCSCODE.raten;
        params.MCSCODE.nes_a = params.MCSCODE.nes(txvector.SHORT_GI+1);
        params.MCSCODE.idx_intlvtbl = idx_intlvtbl;
        params.MCSCODE.intlv_ncol   = consts.intlv_param(1,idx_intlvtbl);
        params.MCSCODE.intlv_nrow   = consts.intlv_param(2,idx_intlvtbl);
        params.MCSCODE.intlv_nrot   = consts.intlv_param(3,idx_intlvtbl);
        params.MCSCODE.enc_type = 0;
        N_sts    = txvector.STBC + N_ss; assert(N_sts<=N_tx); 

        if ((txvector.STBC + N_ss > N_tx) || (txvector.STBC > N_ss))
            error('Not enough antennas.'); 
        end

        % Short GI not allowed for GF, single SS
        if (txvector.SHORT_GI && (txvector.FORMAT == 2) && (N_ss == 1)) 
            errordlg('Short GI transmission is not allowed for GF, single spatial stream.')
        end
end;

N_osubc  = consts.N_tones_per_modtype(params.Tx_Format);
if txvector.MCS==32
    N_sd = 48; 
else
    N_sd = consts.N_sd_per_modtype(params.Tx_Format);
end;

N_ess    = txvector.NUM_EXTEN_SS;
N_dltf   = (N_sts == 3) * 4 + (N_sts ~= 3) * N_sts;
N_eltf   = (N_ess == 3) * 4 + (N_ess ~= 3) * N_ess;

LENGTH = length(txvector.DATA{1});
params.PDU_LEN = LENGTH;
switch txvector.FORMAT 
    case {E_NON_HT, E_NON_HT_DUP}
        assert(LENGTH<4095);
        txvector.L_LENGTH = LENGTH;
        N_sym = ceil((8*LENGTH+16+6)/params.MCSCODE.ndbps);
    case E_VHT
        if txvector.STBC ~= 0
            m_stbc = 2;
        else
            m_stbc = 1;
        end;
        
        if txvector.NDP
            txvector.LENGTH = 0;
        end;
        
        Nsym_init_ue = zeros(1, txvector.N_UE);
        for i_ue = 1 : txvector.N_UE            
            pdulen_ue = length(txvector.DATA{i_ue});
            assert(pdulen_ue < 1048575);
            
            txvector.USER_INDEX(i_ue)  = i_ue - 1;
            txvector.PSDU_LENGTH(i_ue) = pdulen_ue;
            txvector.LENGTH(i_ue) = ceil(pdulen_ue/4);
            
            if txvector.LDPC_CODING == 0
                % BCC numbers
                Nsym_init_ue(i_ue) = m_stbc*ceil((8*pdulen_ue+16+6*params.MCSCODE(i_ue).nes_a)/m_stbc/params.MCSCODE(i_ue).ndbps);
            else
                % LDPC numbers
                Nsym_init_ue(i_ue) = m_stbc*ceil((8*pdulen_ue+16)/m_stbc/params.MCSCODE(i_ue).ndbps);
            end;
        end;
        Nsym_init_max = max(Nsym_init_ue);
        ldpc_nsym_init_lt_nsym = 0;
        Nsym_ue = zeros(1, txvector.N_UE);
        for i_ue = 1 : txvector.N_UE
            % pdulen_ue = length(txvector.DATA{i_ue});
            if txvector.LDPC_CODING == 1
                ldpc_para = ldpc_encpara_g(Nsym_init_ue(i_ue)-16, txvector.MCSCODE(i_ue), m_stbc);
                params.MCSCODE(i_ue).ldpc_para = ldpc_para;
                Nsym_ue(i_ue) = ldpc_para.Nsym;
                if Nsym_ue(i_ue)>Nsym_init_ue(i_ue)
                    ldpc_nsym_init_lt_nsym = ldpc_nsym_init_lt_nsym + 1;
                end;
            else
                Nsym_ue(i_ue) = Nsym_init_ue(i_ue);
            end;
        end;
        txvector.ldpc_nsym_init_lt_nsym = ldpc_nsym_init_lt_nsym;
        N_sym = max(Nsym_ue);
    case {E_HT_MF E_HT_GF}
        assert(LENGTH<65535);
        if txvector.NDP
            txvector.LENGTH = 0;
        else
            txvector.LENGTH = LENGTH;
        end;
        if txvector.STBC ~= 0
            m_stbc = 2;
        else
            m_stbc = 1;
        end;
        
        if txvector.LDPC_CODING == 0
            % BCC numbers
            N_sym = m_stbc*ceil((8*LENGTH+16+6*params.MCSCODE.nes_a)/m_stbc/params.MCSCODE.ndbps);
            Nsym_init = N_sym;
        else
            % LDPC numbers
            Nsym_init = m_stbc*ceil((8*LENGTH+16)/m_stbc/params.MCSCODE.ndbps);
            params.N_sym_init = Nsym_init;
            ldpc_para = ldpc_encpara_g(8*LENGTH, params.MCSCODE, m_stbc>1);
            params.MCSCODE.ldpc_para = ldpc_para;
            N_sym = ldpc_para.Nsym;
        end;
end;

txvector.N_sts = N_sts;

% *************** Windowing Parameters ***************
if txvector.Apply_Window
    T_TR = txvector.Window_T_TR * 1e-9;
    
    if txvector.SHORT_GI
        T = 3.2e-6;
    else
        T = 4e-6;
    end
    
    n_pre = (-T_TR/2 * output_rate*1e6+1:T_TR/2 * output_rate*1e6-1);
    n_mid = (T_TR/2 * output_rate*1e6 : (T - T_TR/2) * output_rate*1e6 - 1);
    n_pos = ((T - T_TR/2) * output_rate*1e6 : (T + T_TR/2) * output_rate*1e6 - 1);
    
    t = n_pre/(output_rate*1e6);    w_pre = sin(pi/2 * (0.5 + t/T_TR)).^2;
    w_mid = ones(1, length(n_mid));
    t = n_pos/(output_rate*1e6);    w_pos = sin(pi/2 * (0.5 - (t - T)/T_TR)).^2;
    params.WTINDEX                  =  [n_pre n_mid n_pos];
    params.WINDOW                   =  [w_pre w_mid w_pos];
end

params.WINDOWF =  [0.5 0.5]; % symbol window

% *************** TXVECTOR ***************

% check_txvector;

num_seg = consts.Num_BW_seg(params.Tx_Format);
bw_seg  = consts.BW_per_bw_seg(params.Tx_Format);

params.N_20M  = params.NFFT_oc/64;

params.BW_seg = bw_seg;
params.N_bwseg = num_seg;

if (txvector.FORMAT == E_VHT)&&(N_sd == 468)
    idx_segp = cell(1,txvector.N_UE);
    for i_ue = 1 : txvector.N_UE
        n_bpscs = params.MCSCODE(i_ue).mods(1);
        if txvector.LDPC_CODING == 1
            idx_segp{i_ue} = segment_parser(N_sd*n_bpscs, max(1,n_bpscs/2), 1);
        else
            idx_segp{i_ue} = segment_parser(N_sd*n_bpscs, max(1,n_bpscs/2), params.MCSCODE(i_ue).nes_a);
        end;
    end;
    params.idx_segp = idx_segp;
end;

TSAMP = 1000/output_rate;  % sampling interval, ns
NFFT  = bw_seg/20*64;      % FFT length

params.N_tx = N_tx;
params.N_sd = N_sd;
params.N_osubc = N_osubc;

params.N_ss   = N_ss;
params.N_sts  = N_sts;
params.N_ess  = N_ess;
params.N_dltf = N_dltf;
params.N_eltf = N_eltf;

params.TSAMP    = TSAMP;
params.NFFT     = NFFT;
params.BSS_NFFT = 64*params.BSS_BW/20;

idx_ofset = params.BSS_NFFT/2 + (txvector.CH_OFFSET-1)*params.NFFT_oc/2 + 1;
assert((idx_ofset>0)&&(idx_ofset<=params.BSS_NFFT),'Invalid Offset');

params.CH_Offset= txvector.CH_OFFSET;

params.N_sym  = N_sym;

params.scram_seed  = scram_seed;
txvector.scram_seed= scram_seed;

params.output_rate = output_rate;

PSLEN = params.BSS_NFFT * (1 + 1/4);
if (txvector.SHORT_GI), DSLEN = params.BSS_NFFT * (1 + 1/8); else DSLEN = params.BSS_NFFT * (1 + 1/4); end

params.PS_len = PSLEN;
params.DS_len = DSLEN;

L_STF_20 = consts.L_STF_20;
params.L_STF_20 = L_STF_20;
params.L_LTF_20 = [zeros(1, 6) consts.L_LTF_20 zeros(1,5)];
params.Indx_dsubc_lsig = consts.idx_dsubc_20leg;
switch params.Tx_Format
    case E_LEG20M
        V_LTF_20 = [ 1, 1, consts.LTF_L, 0, consts.LTF_R,-1,-1];
        params.V_LTF = [zeros(1,4), V_LTF_20, zeros(1,3)];
        params.N_ltfsubc  = 56;
        params.V_STF = [zeros(1,6), L_STF_20, zeros(1,5)];
        params.N_stfsubc  = 12;
        params.Indx_pilot = consts.Idx_pilot_20;
        params.Indx_dsubc = consts.idx_dsubc_20leg;
%         params.ncol_intl = consts.intlv_param(1,1);        
    case E_HT20M
%         params.ncol_intl = consts.intlv_param(1,2);
        params.Indx_pilot = consts.Idx_pilot_20;
        params.Indx_dsubc = consts.idx_dsubc_20;
    case E_HT40M
%         params.ncol_intl = consts.intlv_param(1,3);
        
        if txvector.MCS == 32
            params.Indx_pilot = consts.Idx_pilot_20;
            params.Indx_dsubc = consts.idx_dsubc_20leg;
        else
            params.Indx_pilot = consts.Idx_pilot_40;
            params.Indx_dsubc = consts.idx_dsubc_40;
        end
    case E_VHT20M
        V_LTF_20 = [ 1, 1, consts.LTF_L, 0, consts.LTF_R,-1,-1];
        params.V_LTF = [zeros(1,4), V_LTF_20, zeros(1,3)];
        params.N_ltfsubc  = 56;
        params.V_STF = [zeros(1,6), L_STF_20, zeros(1,5)];
        params.N_stfsubc  = 12;
        params.Indx_pilot = consts.Idx_pilot_20;
        params.Indx_dsubc = consts.idx_dsubc_20;
%         params.Gamma   = consts.Gamma_20;
%         params.ncol_intl = consts.intlv_param(1,2);
    case E_VHT40M
        V_LTF_40 = [ consts.LTF_L, 1, consts.LTF_R,-1,-1,-1, 1, 0, 0, 0, ...
                    -1, 1, 1,-1,consts.LTF_L,1,consts.LTF_R];
        params.V_LTF = [zeros(1,6), V_LTF_40, zeros(1,5)];
        params.N_ltfsubc  = 114;
        params.V_STF = [zeros(1,6), L_STF_20, zeros(1,5), zeros(1,6), L_STF_20, zeros(1,5)];
        params.N_stfsubc  = 24;
        params.Indx_pilot = consts.Idx_pilot_40;
        params.Indx_dsubc = consts.idx_dsubc_40;
%         params.Gamma   = consts.Gamma_40;
%         params.ncol_intl = consts.intlv_param(1,3);
    case E_VHT80M
        V_LTF_40 = [ consts.LTF_L, 1, consts.LTF_R,-1,-1,-1, 1, 1, -1, 1, ...
                    -1, 1, 1,-1,consts.LTF_L,1,consts.LTF_R];
        V_LTF_80 = [V_LTF_40, 1,-1, 1,-1, 0, 0, 0, 1,-1,-1, 1, V_LTF_40];
        params.V_LTF = [zeros(1,6), V_LTF_80, zeros(1,5)];
        params.N_ltfsubc  = 242;
        L_STF_40 = [zeros(1,6), L_STF_20, zeros(1,5), zeros(1,6), L_STF_20, zeros(1,5)];
        params.V_STF = repmat(L_STF_40, [1,2]);
        params.N_stfsubc  = 48;
        params.Indx_pilot = consts.Idx_pilot_80;
        params.Indx_dsubc = consts.idx_dsubc_80;
%         params.Gamma   = consts.Gamma_80;
%         params.ncol_intl = consts.intlv_param(1,4);
    case E_VHT160M
        V_LTF_40 = [ consts.LTF_L, 1, consts.LTF_R,-1,-1,-1, 1, 1, -1, 1, ...
                    -1, 1, 1,-1,consts.LTF_L,1,consts.LTF_R];
        V_LTF_80 = [V_LTF_40, 1,-1, 1,-1, 0, 0, 0, 1,-1,-1, 1, V_LTF_40];
        params.V_LTF = [zeros(1,6), V_LTF_80, zeros(1,11), V_LTF_80, zeros(1,5)];
        params.N_ltfsubc  = 484;
        L_STF_40 = [zeros(1,6), L_STF_20, zeros(1,5), zeros(1,6), L_STF_20, zeros(1,5)];
        L_STF_80 = repmat(L_STF_40, [1,2]);
        params.V_STF = repmat(L_STF_80, [1,2]);
        params.N_stfsubc  = 96;
        params.Indx_pilot = consts.Idx_pilot_160;
        params.Indx_dsubc = consts.idx_dsubc_160;
%         params.Gamma   = consts.Gamma_160;
%         params.ncol_intl = consts.intlv_param(1,4);
    case E_VHT80P80M
        V_LTF_40 = [ consts.LTF_L, 1, consts.LTF_R,-1,-1,-1, 1, 1, -1, 1, ...
                    -1, 1, 1,-1,consts.LTF_L,1,consts.LTF_R];
        V_LTF_80 = [V_LTF_40, 1,-1, 1,-1, 0, 0, 0, 1,-1,-1, 1, V_LTF_40];
        params.V_LTF = [zeros(1,6), V_LTF_80, zeros(1,5)];
        params.N_ltfsubc  = 242;
        L_STF_40 = [zeros(1,6), L_STF_20, zeros(1,5), zeros(1,6), L_STF_20, zeros(1,5)];
        params.V_STF = repmat(L_STF_40, [1,2]);
        params.N_stfsubc  = 48;
        params.Indx_pilot = consts.Idx_pilot_80;
        params.Indx_dsubc = consts.idx_dsubc_80;
%         params.Gamma   = consts.Gamma_80;
%         params.ncol_intl = consts.intlv_param(1,4);
end;

switch params.N_20M
    case 1
        params.Gamma   = consts.Gamma_20;
    case 2
        params.Gamma   = consts.Gamma_40;
    case 4
        params.Gamma   = consts.Gamma_80;
    case 8
        params.Gamma   = consts.Gamma_160;
end;


if (params.Tx_Format ~= E_LEG20M)
    wk = Qmatrix_gen(txvector, params);
    txvector.EXPANSION_MAT = wk;
end;

switch params.Tx_Format
    case {E_VHT20M, E_VHT40M, E_VHT80M, E_VHT160M, E_VHT80P80M}
        N_ltf = consts.NLTF_tble(N_sts);
        if (txvector.SHORT_GI)
            Tx_Time = 16 + 4 + 8 + 4 + N_ltf*4 + 4 + 4*ceil(N_sym*3.6/4);
        else
            Tx_Time = 16 + 4 + 8 + 4 + N_ltf*4 + 4 + N_sym*4;
        end;
        params.Nsym_pre = 9 + N_ltf;
    case {E_HT20M, E_HT40M}
        
        if txvector.FORMAT == E_HT_MF
            tx_preamble = 16 + 4 + 8 + 4 + N_dltf*4 + N_eltf*4;
        else
            tx_preamble = 8*3 + N_dltf*4 + N_eltf*4;
        end;
        
        if (txvector.SHORT_GI)
            tx_dat = 4*ceil(Nsym_init*3.6/4);
        else 
            tx_dat = 4*Nsym_init;
        end;

        Tx_Time = tx_preamble + tx_dat;
        params.Nsym_pre = tx_preamble/4;
    case E_LEG20M
        if (txvector.SHORT_GI)
            Tx_Time = 16 + 4 + 4*ceil(N_sym*3.6/4);
        else
            Tx_Time = 16 + 4 + N_sym*4;
        end;
        params.Nsym_pre = 5;
end;
params.Tx_Time = Tx_Time;
params.App_Win = txvector.Apply_Window;
params.FFTSat  = FFTSat;
params.crc_sigb = 0;

txvector.MCSCODE = params.MCSCODE;
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/disclaimer_csr.txt

By opening the prototype 802.11ac signal model (“Signal Model”) the recipient 

accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”), 

for recipient’s use only as a reference model for IEEE, on a non-transferrable basis, 

entirely at recipient’s sole risk, without any warranties of any kind.  



CSR does not warrant, without limitation, that the Signal Model is fit for 

recipient’s purpose or do not infringe a third party’s intellectual property rights.  

To the fullest extent permitted by law, CSR shall not be liable for any direct, 

indirect, special, incidental, consequential or punitive damages of any kind arising

out of the use of the Signal Model.







ieee_tx11ac/segment_parser.m

%/*************************************************************************

% *  Copyright (C) Cambridge Silicon Radio Ltd 2006

%

% FILE

%    segment_parser.m

%    

% AUTHOR

%    Fei Tong

%

% DESCRIPTION

%    802.11n transmit simulation

%    ---------------------------

%    

%    Generate segment parser index.

%    

%    function idx = segment_parser(n_cbpss, s, n_es)

%

% ************************************************************************/



function idx_o = segment_parser(n_cbpss, s, n_es)



s_blk  = s*n_es;

idx_in = 1 : n_cbpss; 

nint_blk = floor(n_cbpss/(2*s_blk));



idx_tmp = reshape(idx_in(1:nint_blk*2*s_blk), s_blk, []);



idx_o(:,1) = reshape(idx_tmp(:, 1:2:end), [], 1);

idx_o(:,2) = reshape(idx_tmp(:, 2:2:end), [], 1);



if mod(n_cbpss, 2*s_blk) ~=0

    idx_tmp = reshape(idx_in(nint_blk*2*s_blk+1:end), s, []);    

    idx_o_re(:,1) = reshape(idx_tmp(:, 1:2:end), [], 1);

    idx_o_re(:,2) = reshape(idx_tmp(:, 2:2:end), [], 1);

    idx_o = [idx_o; idx_o_re];

end;

idx_o = idx_o(:);
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.
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ieee_tx11ac/ss_cycdel_ac.m

%/*******************************************************************************

% *  Copyright (C) Cambridge Silicon Radio Ltd 2006

%

% FILE

%    ss_cycdel_ac.m

%    

% AUTHOR

%    Andrei Popescu

%

% DESCRIPTION

%    802.11n transmit simulation

%    ---------------------------

%    

%    Implements cyclic delay in frequency domain.

%    

%    function wk = ss_cycdel(wi, sc_freqs, tsamp_ns)

%

%

% MODIFICATIONS

%     $Log: ss_cycdel.m,v $

%     Revision 1.1.2.2  2007/01/17 10:34:25  ws01

%     limited fft output

%

%     Revision 1.1.2.1  2006/12/05 15:32:10  ws01

%     *** empty log message ***

%

%     

%     $Id: ss_cycdel.m,v 1.1.2.2 2007/01/17 10:34:25 ws01 Exp $

%

% *******************************************************************************/



function wk = ss_cycdel_ac(wi, sc_freqs, tsamp_ns, N_sts, N_ess)

%function wk = ss_cycdel(wi, sc_freqs, tsamp_ns)



% -- Include cyclic delays --



cshift = [0 -400 -200 -600];  



wk = zeros(size(wi,1), N_sts+N_ess, size(wi,3));



for k = 1:size(wi,3)

   M_csd_sts = diag(exp(-1i*2*pi*cshift(1:N_sts)/tsamp_ns*sc_freqs(k)));

   M_csd_ess = diag(exp(-1i*2*pi*cshift(1:N_ess)/tsamp_ns*sc_freqs(k)));

   wk(:, 1:N_sts, k) = wi(:,1:N_sts,k)*M_csd_sts;

   wk(:,N_sts+1:N_sts+N_ess, k) = wi(:, N_sts+1:N_sts+N_ess,k)*M_csd_ess;

end
%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (“Signal Model”) the recipient
%  accepts that they are supplied “as is” by Cambridge Silicon Radio Limited (“CSR”),
%  for recipient’s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient’s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient’s purpose or do not infringe a third party’s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.







ieee_tx11ac/fcycdel_g.m

%/*******************************************************************************
% *  Copyright (C) Cambridge Silicon Radio Ltd 2006
%
% FILE
%    fcycdel.m
%    
% AUTHOR
%    Andrei Popescu
%
% DESCRIPTION
%    802.11n transmit simulation
%    ---------------------------
%    
%    function vo = fcycdel(vi, n)
%
%    Cyclic shift [delay] in frequency domain, by n samples
%    n is column vector of delays, vi is matrix with 
%    freq domain N_sts or N_tx lines of length NFFT
%
%
% MODIFICATIONS
%     $Log: fcycdel.m,v $
%     Revision 1.1.2.1  2006/12/05 15:32:09  ws01
%     *** empty log message ***
%
%     
%     $Id: fcycdel.m,v 1.1.2.1 2006/12/05 15:32:09 ws01 Exp $
%
% *******************************************************************************/

function vo = fcycdel_g(vi, n, NFFT)

[nr, nvi] = size(vi);
% NFFT     = output_rate/20*64; % FFT length

vitemp = zeros(nr, NFFT);
%if (txvector.CH_OFFSET == 1)
%    vitemp(NFFT/2+1:NFFT/2+nvi) = vi;
%elseif (txvector.CH_OFFSET == 2)
%    vitemp(NFFT/2-nvi+1:NFFT/2) = vi;
%else
    vitemp(:, NFFT/2-nvi/2+1:NFFT/2) = vi(:, 1:nvi/2);
    vitemp(:, NFFT/2+1:NFFT/2+nvi/2) = vi(:, nvi/2+1:end);
%end
vi = vitemp;

vk = (1:NFFT) - 1;
vk = vk - NFFT / 2;

vo = vi.*exp(-1i*2*pi*n*vk/NFFT);

%------------DISCLAIMER--------------
%  By opening the prototype 802.11ac signal model (�Signal Model�) the recipient
%  accepts that they are supplied �as is� by Cambridge Silicon Radio Limited (�CSR�),
%  for recipient�s use only as a reference model for IEEE, on a non-transferrable basis,
%  entirely at recipient�s sole risk, without any warranties of any kind.  
%  CSR does not warrant, without limitation, that the Signal Model is fit for
%  recipient�s purpose or do not infringe a third party�s intellectual property rights.
%  To the fullest extent permitted by law, CSR shall not be liable for any direct,
%  indirect, special, incidental, consequential or punitive damages of any kind
%  arising out of the use of the Signal Model.






