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Waveform Generator Description

Introduction

The proposed phy of IEEE 802.11n standard has an enourmous number of different modes.

There are 20 Mhz modes, 40Mhz modes, duplicate modes SSB modes. Additionaly a packet may be generated using BCC or LDPC coding, STBC coding. Additional features are beamforming and short GI.

In order to reduce the amount of interoperability issues and assist reader of the spec it has been proposed the add to the standard an implementation of a waveform generator that will be able to generate all the different modes described in the spec.

The proposal and the discussions have been posted  on the server as documents 11-06-1096-00-000n-waveform-generator-ppt.ppt
, 11-06-1400-01-000n-waveform-generator.ppt
 , 11-06-1714-00-000n-waveform-generator.ppt
.

The proper way to submit the files is been worked out by TGn chair Bruce Kramer. At the moment, as there are no procedures on how to submit these kind of files, only the command line version will be submitted as text in this document. The GUI interfaces will be submitted after the have instruction on how to submit them.

Interface description

Input the wave generation function

The input to the generator is a structure which defines the packet parameters. Here is a list of the possible structure elements that may be used:

Data bit source definition

	parameter name
	possible values
	meaning

	BitSource
	empty string
	get bits randomly using matlab random function

	
	string containing file name
	read bits from file (hex byte per line)


TXVECTOR parameters

The following parameters names have been chosen to match the TXVECTOR definition. However, for clarity, the enumerations have been replaced by strings.

	parameter name
	possible values
	meaning

	FORMAT
	'NON_HT'
	non ht packet

	
	‘HT_MM’
	mixed mode packet

	
	‘HT_GF’
	Greenfield packet

	L_LENGTH
	0
	calculate according to spec

	
	1-4095
	override lsig value with this value

	LENGTH
	0
	ZLF packet

	
	1-65535
	packet size in bytes. If read from file LENGTH will be overrided by length of file data

	MCS
	0-76
	For ht packet this is mcs value, for non ht 0-7 are mapped to non ht rates.

	SHORT_GI  
	0,1
	

	STBC     
	0,1,2
	

	NUM_EXTEN_SS
	0,1,2,3
	

	SMOOTHING
	0,1
	

	SOUNDING
	0,1
	

	LDPC_CODING
	0,1
	

	AGGREGATION
	0,1
	

	CW     
	'HT_CW20'
	

	
	'HT_CW40'
	

	
	'HT_CW20DN'
	

	CW_OFFSET
	'CH_OFF_40'
	

	
	'CH_OFF_20U'
	

	
	'CH_OFF_20L'
	

	SERVICE.ScramblerStart  
	1-127
	oldest bit is msb

	SERVICE.bits                    
	a vector of 16 bits
	


Number of transmit antennas

	parameter name
	possible values
	meaning

	nTx
	1-4
	number of transmit chains


Reserved bit from HT_SIG

	parameter name
	possible values
	meaning

	HT_SIG_RESERVED
	0,1
	value of reserved bit. Should be set to 1. 0 value can be used to verify that receiver ignores this bit.


Output rate in MHz 

	parameter name
	possible values
	meaning

	output_rate
	20,40,80
	sample rate at output in Mhz.


Window function vector 

	parameter name
	possible values
	meaning

	win
	[] – empty vector
	no windowing

	
	win array
	samples that represent window shape in transition rise area. Will be mirrored and duplicated for fall area.


· win – window function vector. Use [] to disable windowing.

Spatial expansion configuration

	parameter name
	possible values
	meaning

	calib            
	0,1
	1 means generate spatial expansion according to calibration packet

	BF_Q_source
	'default'
	Uses default spatial expansion from draft examples combined with cdd vector values



	
	'const+cdd'
	use fixed matrix provided by FixedQ var with cdd



	
	'general'
	use carrier dependent spatial expansion matrices matrices supplied externally by the Q variable.

	FixedQ
	nTx by nSTS matrix
	external fixed matrix to be used by 'const+cdd' option

	post_q_cdd
	cdd vector
	cdd vector to be used as part of spatial expansion , after multiplication by the matrix. Should be set to 0 vector when using the 'general' option with matrices supplied externally



	Q
	a set of 64 or 128 matrices of size nTx by  nSTS  
	a set of 64 or 128 matrices of size nTx by  nSTS  to be used for spatial expansion. Matrices should be ordered from carrier 0 to carrier 63 or 127


Explanation of channel modes:

	Mode
	CW              
	CW_OFFSET         
	comments
	possible output rates

	20Mhz
	CW20              
	N/A             
	HT and Legacy
	20,40,80

	40Mhz
	CW40              
	CH_OFF_40       
	including  mcs32
	40,80

	40Mhz Duplicate      
	CW20DN            
	CH_OFF_40       
	only legacy
	40,80

	40Mhz Upper          
	CW40              
	CH_OFF_20U
	
	40,80

	40Mhz Lower          
	CW40              
	CH_OFF_20L
	
	40,80


Running the generator

The function tx_n_highlevel generates the waveform. The first output is the waveform as an array with the first dimension as the antennas and the second dimension the number of samples. The second optional output is the debug structure, arranged as hierarchy of structures containing the signals at all intermediate points between blocks.

Exaples: 

total_td_sig=tx_n_highlevel(sim80211nconfig);

[total_td_sig,dbinfo]=tx_n_highlevel(sim80211nconfig);

Code

The matlab code attached here can be used in several ways. The natural way to use it is to separate it into the different files. There is a text line separator within the block of code that defines the name and limits of each file. Then it may be used either within the command line version or with the GUI interface.

Alternatively, the lazy option is to paste the whole block of code to tx_n_highlevel.m . In this case all the functions of the other files will internal function to this specific file, but the generator can be used.

%%%%%%%%%%%%%%%    Start of File tx_n_highlevel.m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5
% function tx_n_highlevel(sim80211nconfig)
%     Input : sim80211nconfig input packet info structure (see documentation)
%     Output:  total_td_sig - time domain signal (nTx x Nsamples)
%              debug_info (optional) - a structure of debug vectors
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5
function [total_td_sig,debug_info] = tx_n_highlevel(sim80211nconfig)
global tx_n_debug
tx_n_globals
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5
% Read or Prepare bit stream
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
if (length(sim80211nconfig.BitSource)==0)
    source_bits = create_random_bits(sim80211nconfig.LENGTH*8);
else
    source_bits = read_bits(sim80211nconfig.BitSource);
    sim80211nconfig.LENGTH = length(source_bits)/8;
end
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
%   Check consistency and calculate derived parameters
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
sim80211nconfig = mcs_info(sim80211nconfig);
sim80211nconfig = init_bf (sim80211nconfig);
tx_n_debug.full_packet_info = sim80211nconfig;
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
%   Save tx bits in file
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 write_bits(source_bits);
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
%   Generate the different segments of the transmission
%
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
tx_data_sig    =      generate_data_tx(sim80211nconfig,source_bits);
td_lstf        =      generate_lstf(sim80211nconfig);
td_lltf        =      generate_lltf(sim80211nconfig);
if (~sim80211nconfig.isGF)
    td_lsig    =      generate_lsig(sim80211nconfig);
end
if ~(sim80211nconfig.islegacy)
    td_htstf   =      generate_ht_stf(sim80211nconfig);
end
% Prepare HT-SIG
if ~(sim80211nconfig.islegacy)
    td_htsig   =      generate_ht_sig(sim80211nconfig);
end
if ~(sim80211nconfig.islegacy)
    [htlfs_sig_cp,htlf1_sig_cp]    =   generate_ht_ltfs(sim80211nconfig);
end
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
%   Merge data and preamble segments
%
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
if (sim80211nconfig.islegacy)
    total_td_sig = merge_segments(sim80211nconfig.win,td_lstf,td_lltf,td_lsig,tx_data_sig);
else
    if (sim80211nconfig.isMM)
        total_td_sig = merge_segments(sim80211nconfig.win,td_lstf,td_lltf,td_lsig,td_htsig,td_htstf,htlfs_sig_cp,tx_data_sig);
    else % GF
        total_td_sig = merge_segments(sim80211nconfig.win,td_htstf,htlf1_sig_cp,td_htsig,htlfs_sig_cp,tx_data_sig);
    end
end
if (nargout>1)
    debug_info = tx_n_debug;
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File PM.m 
% function pmat=PM(z,n)
% generate cyclic permutation matrix of size n x n with shift z
function pmat=PM(z,n)
a=zeros(1,n*n);
if (z>=0)
    a((0:n-1)*n+(0:n-1)+1)=1;
    b=reshape(a,n,n);
    pmat=b(:,1+mod((0:n-1)-z,n));
else
    pmat=reshape(a,n,n);
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File add_cdd.m 
% add_cdd
% Input: pilot_and_data_symbols fft_size x n_sym x nsts
%        cdd_vec
% Output: 
%       symbols_cdd fft_size x n_sym x nsts
%
function symbols_cdd = add_cdd (pilot_and_data_symbols,cdd_vec)
nsts =     size(pilot_and_data_symbols,3); % or ntx
nsym =     size(pilot_and_data_symbols,2);
fft_size = size(pilot_and_data_symbols,1);
%symbols_cdd = zeros(size(pilot_and_data_symbols));
symbols_cdd = zeros([fft_size nsym nsts]);
for ists = 1:nsts 
    for isym=1:nsym
        t_exp = -cdd_vec(ists)/50; % number of samples for 64 fft
        symbols_cdd(:,isym,ists) = pilot_and_data_symbols(:,isym,ists).*(exp(j*2*pi*t_exp/64*(0:fft_size-1)'));%*ones(1,nsym));
    end
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File add_cp.m 
%function td_sig = add_cp(fft_out,shortgi)
% input samples  nfft x nsym x nTx
%       shortgi  0 = normal
%                1 = short
%                2 = double cp and double symbol
function td_sig = add_cp(fft_out,shortgi)
nfft = size(fft_out,1);
nTx =  size(fft_out,3);
nsym = size(fft_out,2);
if (shortgi==2) % This is the preamble. single symbol double cp
    cplen = nfft/2;
    sym_size = 2*nfft+cplen;
    td_sig = zeros(1,nTx,sym_size);
    for iTx = 1:nTx
      td_sig(1,iTx,1:cplen) = conj(fft_out(nfft-cplen+1:nfft,iTx)');
      td_sig(1,iTx,(1+cplen):(cplen+nfft)) = conj(fft_out(:,iTx)');
      td_sig(1,iTx,(1+cplen+nfft):(cplen+2*nfft)) = conj(fft_out(:,iTx)');
    end
    return     
end
if (shortgi==1)
    cplen = nfft/8;
else
    cplen = nfft/4;
end
sym_size = nfft+cplen;
td_sig = zeros(nsym,nTx,sym_size);
for isym = 1:nsym
    for iTx = 1:nTx
          td_sig(isym,iTx,1:cplen) = conj(fft_out(nfft-cplen+1:nfft,isym,iTx)');
          td_sig(isym,iTx,1+cplen:sym_size) = conj(fft_out(:,isym,iTx)');
    end
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File add_legacy_cdd.m 
%function symbols_cdd = add_legacy_cdd (pilot_and_data_symbols)
% adds the cdd for the legacy packet or legacy part of packet
function symbols_cdd = add_legacy_cdd (pilot_and_data_symbols)
global T_ITX_CS; %table n65
nTx =     size(pilot_and_data_symbols,3); 
symbols_cdd = add_cdd(pilot_and_data_symbols,T_ITX_CS(nTx,1:nTx));
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File add_sts_cdd.m 
% function symbols_cdd = add_sts_cdd (pilot_and_data_symbols)
% adds cdd which is defined per space time stream
%
function symbols_cdd = add_sts_cdd (pilot_and_data_symbols)
global T_ISTS_TS;
nsts        =   size(pilot_and_data_symbols,3); 
symbols_cdd =   add_cdd(pilot_and_data_symbols,T_ISTS_TS(nsts,1:nsts));
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File apply_win.m 
% symbol_windowed = apply_win(win,symbol)
% apply window on symbol
% Input : win - window function
%         symbol - nTx x symbol_size samples
% Ouput: windowed symbol  nTx x (symbol_size+2*length(win))
function    symbol_windowed = apply_win(win,symbol)
sym_size = size(symbol,2);
nTx      = size(symbol,1);
period = 64*floor(sym_size/64);
winlen = length(win);
padpre  = floor((winlen-1)/2);
padpost = ceil ((winlen+1)/2);
pad_left_sig = symbol(:,period-padpre+1:period);
pad_right_sig = symbol(:,sym_size+1-period:sym_size+padpost-period);
win_ntx = repmat(win,nTx,1);
symbol_expanded = [pad_left_sig symbol pad_right_sig ];
symbol_windowed = symbol_expanded;
symbol_windowed(:,1:winlen)=symbol_windowed(:,1:winlen).*win_ntx;
symbol_windowed(:,sym_size+1:sym_size+winlen)=symbol_windowed(:,sym_size+1:sym_size+winlen).*fliplr(win_ntx);
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File calculate_generator_matrix.m 
% function generator=calculate_generator_matrix(blk_size,code_rate_enum)
%  calculates generator matrix
function generator=calculate_generator_matrix(blk_size,code_rate_enum)
% Get code table from the spec
[tab,z]=getcodetable(blk_size,code_rate_enum);
n=blk_size;
n_min_k=size(tab,1)*z;
k=n-n_min_k;
% translate table to parity check matrix
parity_check_table=zeros(size(tab)*z);
for ii=1:size(tab,1)
    for jj=1:size(tab,2)
        parity_check_table((ii-1)*z+1:ii*z,(jj-1)*z+1:jj*z)=PM(tab(ii,jj),z);
    end
end
% translate to standard form 
% inverse over reals must contain integer entries so we can use matlab
% inverse functions
generator = mod (inv(parity_check_table(:,(k+1:n)))*parity_check_table(:,(1:k)),2);
generator = round(generator); % make sure enries are integer and not almost integers
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File conv_enc.m 
% function conv_enc_bits=conv_enc(inp_bits)
%  input : bits for convolutional encoder
%  outpu : bits after convolutional encoder as column
function conv_enc_bits=conv_enc(inp_bits)
if (size(inp_bits,1)==1)
    inp_bits = inp_bits';
end
outputA = mod(conv([1 0 1 1 0 1 1],inp_bits),2);
outputB = mod(conv([1 1 1 1 0 0 1],inp_bits),2);
conv_enc_bits = [outputA(1:end-6) outputB(1:end-6)]';
conv_enc_bits = conv_enc_bits(:);
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File create_random_bits.m 
% function bits = create_random_bits(n)
% input : number of bits (mul by 8 if you have number of bytes)
% output: a column of random bits
function bits = create_random_bits(n)
bits = randn(n,1)>0;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File fd_to_td.m 
%function sig_after_ifft = fd_to_td(sig,out_fft_size)
% performs upsampling by zero padding and fft + fft scale factor
% compensation
function sig_after_ifft = fd_to_td(sig,out_fft_size)
sizein=size(sig,1);
inp_to_fft = zeros(out_fft_size,size(sig,2),size(sig,3));
inp_to_fft(1:sizein/2,:,:)=sig(1:sizein/2,:,:);
inp_to_fft(out_fft_size-sizein/2+1:out_fft_size,:,:)=sig(sizein/2+1:size(sig,1),:,:);
sig_after_ifft = out_fft_size*ifft(inp_to_fft);
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File frequency_interleaver.m 
%Frequency interleaver function
% frequency_interleaver(org_bits,Ncbpss,Nbpsc,Nrow,Ncol,Nrot,iss)
%
% Input : org_bits bits to interleave (linear array)
%         Ncbpss,Nbpsc,Nrow,Ncol,Nrot mapping parameters
%         iss - input sream (0-(nSS-1))
%
% Output: interleaved bits (linear array)
%
function bits = frequency_interleaver(org_bits,Ncbpss,Nbpsc,Nrow,Ncol,Nrot,iss)
kk = 0:Ncbpss-1;
ii = Nrow*mod(kk,Ncol)+floor(kk/Ncol); % first permutation
s = max(Nbpsc/2,1);
jj = s*floor(ii/s)+mod(ii+Ncbpss-floor(Ncol*ii/Ncbpss),s);% second permutation
if (Nrot>0) % third permutation
    rr = mod((jj-(mod(2*iss,3)+3*floor(iss/3))*Nrot*Nbpsc),Ncbpss);
    jj=rr;
end
bits = reshape(org_bits,Ncbpss,length(org_bits)/Ncbpss)' ; %reshape to symbols
bits(:,1+jj) = bits; % perfrom the permutation
bits = bits';
bits = bits(:); %reshape to vector
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File gen_pilots.m 
% function pilots =gen_pilots(num_syms,nsts,npilots,ists,z_start)
% returns pilots for a single spacetime stream.
%  num_syms - number of symbols to generate
%  nsts     - number of space time streams
%  npilots  - number of pilots 4/6
%  ists     - index of current space time stream
%  z_start  - 1 legacy, 2 mm, 3 gf
function pilots =gen_pilots(num_syms,nsts,npilots,ists,z_start)
% z = 2 mm
% z = 3 gf
PilotPolarity1 = [1  1 1 -1];
PilotPolarity2 = [1  1 -1 -1;...
                  1 -1 -1 1];
PilotPolarity3 = [ 1   1 -1 -1;...
                   1  -1  1 -1;...  
                  -1   1  1 -1];
PilotPolarity4 = [ 1   1   1 -1;...
                   1   1  -1  1;...  
                   1  -1   1  1;...  
                  -1   1   1  1];
PilotPolarity=zeros(4,4,4); % Nsts,ists,npilot
PilotPolarity(1,1,:) = PilotPolarity1;
PilotPolarity(2,1:2,:) = PilotPolarity2;
PilotPolarity(3,1:3,:) = PilotPolarity3;
PilotPolarity(4,1:4,:) = PilotPolarity4;
PilotPolar1_40 = [1  1 1 -1  -1  1];
PilotPolar2_40 = [1  1 -1 -1 -1 -1;...
                  1  1  1 -1  1  1];
PilotPolar3_40 = [ 1   1 -1 -1 -1 -1 ;...
                   1   1  1 -1  1  1;...  
                   1  -1  1 -1 -1  1 ];
PilotPolar4_40 = [ 1   1 -1 -1 -1 -1 ;...
                   1   1  1 -1  1  1;...  
                   1  -1  1 -1 -1  1;...  
                  -1   1  1  1 -1  1];
PilotPolarity_40=zeros(4,4,6); % Nsts,ists,npilot
PilotPolarity_40(1,1,:) = PilotPolar1_40;
PilotPolarity_40(2,1:2,:) = PilotPolar2_40;
PilotPolarity_40(3,1:3,:) = PilotPolar3_40;
PilotPolarity_40(4,1:4,:) = PilotPolar4_40;
if (npilots==4)
    PilotTable = squeeze(PilotPolarity(nsts,ists,:));
else
    PilotTable = squeeze(PilotPolarity_40(nsts,ists,:));
end
pilots = PilotTable(1+mod((0:num_syms-1)'*ones(1,npilots)+ones(num_syms,1)*(0:npilots-1),npilots));
if (size(pilots,2)==1)
    pilots=pilots'; % single sym case
end
% need to multiply by global mask
%Pilot sequence 1-127 cyclic
pilot_seq =[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 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 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 -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 1 -1 1 -1 1 1 1 -1 -1 1 -1 -1 -1 1 1 1 -1 -1 -1 -1 -1 -1 -1];
pilot_seq_bits = pilot_seq(1+mod(z_start+(0:num_syms-1),127));
pilots = pilots.*(pilot_seq_bits'*ones(1,npilots));
pilots=pilots';
pilots = pilots(:);
if (size(pilots,2)==1)
    pilots=pilots';
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File gen_pilots_leg.m 
% function pilots =gen_pilots_leg(num_syms,z_start)
% generates legacy pilots
% Input :num_syms - number of symbols
%        z_start  - the symbol to start from
function pilots =gen_pilots_leg(num_syms,z_start)
% z = 0 signals
% z = 1 data legacy
PilotPolarity = [1  1 1 -1];
pilots = ones(num_syms,1)*PilotPolarity;
% need to multiply by global mask
%Pilot sequence 1-127 cyclic
pilot_seq =[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 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 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 -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 1 -1 1 -1 1 1 1 -1 -1 1 -1 -1 -1 1 1 1 -1 -1 -1 -1 -1 -1 -1];
pilot_seq_bits = pilot_seq(1+mod(z_start+(0:num_syms-1),127));
pilots = pilots.*(pilot_seq_bits'*ones(1,4));
pilots=pilots';
pilots = pilots(:);
if (size(pilots,2)==1)
    pilots=pilots';
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File generate_data_tx.m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%%%   function td_data_sig = generate_data_tx(s,source_bits)         %%%%
%%%%%   generate data samples of packet                                %%%%
%%%%%   Input:   s - input structure defining packet                   %%%%
%%%%%            source_bits - data bits                               %%%%
%%%%%   Output:  time domain signal                                    %%%%
%%%%%                                                                  %%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function td_data_sig = generate_data_tx(s,source_bits)
global tx_n_debug;
% add service and pad bits
pad_and_tail = s.NDataBits-length(source_bits)-16;
source_bits = [s.SERVICE.bits;source_bits;zeros(pad_and_tail,1)];
tx_n_debug.data.source_bits=source_bits;
% scrambling
scr_bits = bitxor(source_bits,scrambler_seq(s.SERVICE.ScramblerStart,length(source_bits))');
tx_n_debug.data.scrambled_bits=scr_bits;
if (s.LDPC_CODING)
    after_enc = ldpc_encode(scr_bits,s.ldpc_params);
else    %% BCC start
    %separate to encoders
    bits_per_enc_before_tail = (s.LENGTH*8+16)/s.NE;
    for iES = 1:s.NE
        % Get Stream i
        stream = scr_bits(iES:s.NE:end);
        % insert tail bits and separate to streams
        stream(bits_per_enc_before_tail+1:bits_per_enc_before_tail+6)=0;
        tx_n_debug.data.stream_bits{iES}=stream;
        % conv encode
        conv_enc_bits=conv_enc(stream);
        tx_n_debug.data.conv_enc_bits{iES}=stream;
        puct_bits = puncture_bits(conv_enc_bits,s.PtPattern);
        tx_n_debug.data.punct_bits{iES}=stream;
        if (iES==1)
            after_enc = puct_bits;
        else
            after_enc = merge_encoders(after_enc,puct_bits,s.Constellations);
        end
    end
    %% BCC end
end
tx_n_debug.data.encoded_bits=after_enc;
% here for loop on streams
for iSS = 1: s.Nss
    %streamparse
    bits_per_ss_i = stream_parse(after_enc,s.Constellations,iSS);
    tx_n_debug.data.stream_parse{iSS}=bits_per_ss_i;
    NCBPSS = s.NCBPS*s.Constellations(iSS)/sum(s.Constellations);
    Nbpsc  = s.Constellations(iSS);
    if (s.LDPC_CODING) % skip freq interleaver for LDPC 
        input_to_mapper = bits_per_ss_i;
    else
        %freq interleave
        bits_intleaved = frequency_interleaver(bits_per_ss_i,NCBPSS,Nbpsc,s.NROW(iSS),s.NCOL,s.NROT,iSS-1);
        tx_n_debug.data.interleaved_bits{iSS}=bits_intleaved;
        input_to_mapper = bits_intleaved;
    end
    %mapper
    symbols_i = qam_map(input_to_mapper,Nbpsc);
    if (iSS ==1)
        symbols = symbols_i;
    else
        symbols = [symbols ; symbols_i];
    end        
    %stbc
    if (iSS<=s.STBC)
        symbols = [symbols ; stbc_expand(symbols_i,s.Nsym)];
    end        
end
tx_n_debug.data.data_symbols=symbols;
% here symbosl is NSTS X (NSYM*Ndatacarriers)
% generate pilots
for ists = 1: s.NSTS
    if (s.islegacy)
        pilot = gen_pilots_leg(s.Nsym,1);
    else
        if (s.isMM)
            if (s.MCS==32)
              pilot = gen_pilots_leg(s.Nsym,3);
            else
              pilot = gen_pilots(s.Nsym, s.NSTS,s.Npilots,ists,3);
            end
        else  % GF mode
            if (s.MCS==32)
               pilot = gen_pilots_leg(s.Nsym,2);
            else
               pilot = gen_pilots(s.Nsym, s.NSTS,s.Npilots,ists,2);
            end
        end
    end
    if (ists==1)
        allpilots = pilot;
    else
        allpilots =  [allpilots;pilot];
    end
end
tx_n_debug.data.pilot_symbols=allpilots;
% merge pilot and data to fft_sym
pilot_and_data_symbols = merge_pilot_and_data(symbols,allpilots,s.BW ...
                       ,s.Data_Subcarriers,s.Pilot_Subcarriers);
% here output is carrier x symbol x ists
% make duplicate or modulate or mul by j
pilot_and_data_symbols = modulate_or_duplicate (pilot_and_data_symbols,s.BW,s.BW_20_TO_40);
tx_n_debug.data.full_band_symbols=pilot_and_data_symbols;
if (~s.islegacy)
    pilot_and_data_symbols = add_sts_cdd (pilot_and_data_symbols);
    tx_n_debug.data.after_sts_cdd_symbols=pilot_and_data_symbols;
end
% multiply by Qk 
pilot_and_data_symbols = mul_by_q (pilot_and_data_symbols,s.Q,s.post_q_cdd);
tx_n_debug.data.after_spatial_expansion_symbols = pilot_and_data_symbols;
% Apply Tx chain cdd for legacy transmission
if (s.islegacy)
    pilot_and_data_symbols = add_legacy_cdd (pilot_and_data_symbols);
    tx_n_debug.data.after_legacy_cdd_symbols = pilot_and_data_symbols;
end
% ifft
scale = tone_field_scale('HT-Data',s.islegacy,(s.MCS ==32),s.use_40_chan)/sqrt(s.NSTS);
td_sig = scale*fd_to_td (pilot_and_data_symbols,s.out_fft_size);
tx_n_debug.data.after_fft_samples = td_sig;
% add cp
td_sig_cp = add_cp(td_sig,s.SHORT_GI);
tx_n_debug.data.after_cp_samples = td_sig_cp;
% window
td_data_sig = td_sig_cp;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File generate_ht_ltfs.m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%      function [htlfs_sig_cp,htlf1_sig_cp ]= generate_ht_ltfs(s)
%      generates the HTLTfs for the preamble
%      Input:  s - packet structure
%      Output:   htlfs_sig_cp - HTLTFs after HT-sig
%                htlf1_sig_cp - HTLTF before HT-sig for gf mode
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function [htlfs_sig_cp,htlf1_sig_cp ]= generate_ht_ltfs(s)
global PHTLTF;
global tx_n_debug;
% generate HTLTFs
    LLTF = [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];
    HTLTF20 = zeros(64,1);
    HTLTF20(1+bitand(64+(-28:28),63)) = [1 1  LLTF  -1 -1 ];
    % [-58:58]
    HTLTF40 = zeros(128,1);
    HTLTF40(1+bitand(128+(-58:58),127)) = [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   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 1  -1 -1 -1 1 0  ...
           0 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 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 -1 1 1 1 1    ];
    htlf1_sig_cp = zeros(0,s.nTx);
    BW = s.BW;
    BW_20_TO_40 = s.BW_20_TO_40;
    if (s.MCS==32)
        BW=40;
        BW_20_TO_40='none';
    end
    scale = tone_field_scale('HT-LTF ',0,(s.MCS ==32),s.use_40_chan)/sqrt(s.NSTS);
    htltf_data = zeros([64*BW/20 s.NDataLTF  s.NSTS]);
    for iLTF = 1:s.NDataLTF
        if (BW==40)
            htltf = HTLTF40*PHTLTF(1:s.NSTS,iLTF)';
        else    
            htltf = HTLTF20*PHTLTF(1:s.NSTS,iLTF)';    
        end
        htltf_data(:,iLTF,:) = htltf;
    end
    tx_n_debug.htltf.symbols = htltf_data;
    htltf_data = modulate_or_duplicate (htltf_data,BW,BW_20_TO_40);
    tx_n_debug.htltf.full_band_symbols = htltf_data;
    htltf_data = add_sts_cdd (htltf_data);
    tx_n_debug.htltf.after_sts_cdd_symbols = htltf_data;
    htltf_data = mul_by_q (htltf_data,s.Q,s.post_q_cdd);
    tx_n_debug.htltf.after_q_symbols = htltf_data;
    htlfs_sig = scale*fd_to_td (htltf_data,s.out_fft_size);
    tx_n_debug.htltf.fft_samples = htlfs_sig;
    if (s.isMM)
        htlfs_sig_cp = add_cp(htlfs_sig,0);
    else
        htlf1_sig_cp = add_cp(htlfs_sig(:,1,:),2);
        if (s.NSTS>1)
            htlfs_sig_cp = add_cp(htlfs_sig(:,2:end,:),0);
        else
            htlfs_sig_cp = zeros(s.nTx,0);
        end
    end
    tx_n_debug.htltf.after_cp_samples = htlfs_sig_cp;
% generate ExtraLTFs
    if (s.NExteneionLTF)
        scale = tone_field_scale('HT-LTF ',0,(s.MCS ==32),s.use_40_chan)/sqrt(s.NUM_EXTEN_SS);
        for iLTF = 1:s.NExteneionLTF
            if (BW==40)
                htltf = PHTLTF(iLTF,1:s.NSTS)'*HTLTF40;
            else
                htltf = PHTLTF(iLTF,1:s.NSTS)'*HTLTF20;    
            end
            if (iLTF==1)
                htltf_data = htltf;
            else
                htltf_data = [htltf_data htltf];
            end
        end
        tx_n_debug.extraltf.symbols=htltf_data;
        htltf_data = modulate_or_duplicate (htltf_data,s.BW,s.BW_20_TO_40);
        tx_n_debug.extraltf.full_band_symbols=htltf_data;
        htltf_data = add_sts_cdd (htltf_data);
        tx_n_debug.extraltf.sts_cdd_symbols=htltf_data;
        htltf_data = mul_by_q (htltf_data,s.Q(1:s.nTx,s.NSTS+1:s.nTx,:),s.post_q_cdd);
        tx_n_debug.extraltf.after_q_symbols=htltf_data;
        htlfs_sig = scale*fd_to_td(htltf_data,s.out_fft_size);
        tx_n_debug.extraltf.fft_samples=htlfs_sig;
        htlfsextra_sig_cp = add_cp(htlfs_sig,0);
        tx_n_debug.extraltf.after_cp=htlfsextra_sig_cp;
        htlfs_sig_cp = [htlfs_sig_cp htlfsextra_sig_cp];
    end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File generate_ht_sig.m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% function td_htsig = generate_ht_sig(s)
%  generates ht-sig samples
%  Input: s - packet structure
%  Output td_htsig - time domain samples for ht-sig
%
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function td_htsig = generate_ht_sig(s)
global PHTLTF;
global tx_n_debug;
if (s.BW==40)
    lstf40mode = 'duplicate';
else     
    lstf40mode = s.BW_20_TO_40;
end
if (s.isMM)
    scale = tone_field_scale('HT-SIG ',0,(s.MCS ==32),s.use_40_chan);
else %gf
    scale = tone_field_scale('HTSIGGF',0,(s.MCS ==32),s.use_40_chan);
end
htsigbits =[ bitand(floor(s.MCS*(2.^-(0:6))),1)     ...
                ((s.BW==40)||(s.MCS==32))            ...   % mcs is treated as 20 Mhz with duplicate
                bitand(floor(s.LENGTH*(2.^-(0:15))),1)  ... 
                s.SMOOTHING     ...
                s.NOT_SOUNDING&~s.calib   ...           % force to 0 if calibration
                s.HT_SIG_RESERVED      ...              
                s.AGGREGATION   ...
                bitand(floor(s.STBC*(2.^-(0:1))),1)  ... 
                s.LDPC_CODING                 ...
                s.SHORT_GI                            ...
                bitand(floor(s.NUM_EXTEN_SS*(2.^-(0:1))),1)  ... 
          ];
   crc = ones(1,8);
   for ii=1:34
      c0 = bitand(crc(8)+htsigbits(ii),1);
      c1 = bitand(crc(1)+crc(8)+htsigbits(ii),1);      
      c2 = bitand(crc(2)+crc(8)+htsigbits(ii),1);      
      crc = [c0 c1 c2 crc(3:7)];
   end
   crc=bitxor(crc,1);
htsigbits = [htsigbits crc(8:-1:1) 0 0 0 0 0 0];
tx_n_debug.htsig.bits=htsigbits;
htsig_enc_bits  =conv_enc(htsigbits);
tx_n_debug.htsig.coded_bits=htsig_enc_bits;
htsig_intleaved = frequency_interleaver(htsig_enc_bits,48,1,3,16,0,1);
tx_n_debug.htsig.interleaved_bits=htsig_intleaved;
htsigsym        = j*qam_map(htsig_intleaved,1);
tx_n_debug.htsig.data_symbols=htsigsym;
Leg_carriers = ([(-26:-22) (-20:-8) (-6:-1) (1:6) (8:20) (22:26) ]);
htsig_pilots = gen_pilots_leg(2,1);%Nsym,skip
tx_n_debug.htsig.pilot_symbols=htsig_pilots;
htsigsym = merge_pilot_and_data(htsigsym,htsig_pilots,20,Leg_carriers,[-21 -7 7 21]);
tx_n_debug.htsig.all_symbols=htsigsym;
% expand to spacetimestreams
htsig_full_fft = modulate_or_duplicate (htsigsym,20,lstf40mode);
tx_n_debug.htsig.full_band_symbols=htsig_full_fft;
if (s.isMM)
    htsig_full_ffttmp = zeros([size(htsig_full_fft,1) 2 s.nTx ]);
    for iTx = 1:s.nTx
        htsig_full_ffttmp(:,:,iTx)=htsig_full_fft(:,:)/sqrt(s.nTx);
    end
    htsig_full_fft = htsig_full_ffttmp;
    htsig_full_fft = add_legacy_cdd (htsig_full_fft);
    tx_n_debug.htsig.legacy_cdd_symbols=htsig_full_fft;
else %gf
    htsig_full_ffttmp = zeros([size(htsig_full_fft,1) 2  s.NSTS ]);
    for ists = 1: s.NSTS
        htsig_full_ffttmp(:,:,ists)=htsig_full_fft(:,:)*PHTLTF(ists,1)/sqrt(s.NSTS);
    end
    htsig_full_fft = htsig_full_ffttmp;
    htsig_full_fft = add_sts_cdd (htsig_full_fft);
    tx_n_debug.htsig.sts_cdd_symbols=htsig_full_fft;
    htsig_full_fft = mul_by_q (htsig_full_fft,s.Q,s.post_q_cdd);
    tx_n_debug.htsig.after_q_symbols=htsig_full_fft;
end
td_htsig = scale*fd_to_td (htsig_full_fft,s.out_fft_size);
tx_n_debug.htsig.fft_samples = td_htsig;
td_htsig = add_cp(td_htsig,0);%sig,shortgi
tx_n_debug.htsig.after_cp = td_htsig;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File generate_ht_stf.m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%   function td_htstf = generate_ht_stf(s)
%   generates HT-stf time domain signal
%   Input : s - structure  defining packet
%   Output: td_htstf - time domain samples
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function td_htstf = generate_ht_stf(s)
global PHTLTF;
global tx_n_debug;
LSTF = zeros(64,1);
LSTF(1+bitand(64+(-26:26),63)) = sqrt(1/2)*[0 0 1+j 0 0 0 -1-j 0 0 0 1+j 0 0 0 -1-j 0 0 0 -1-j 0 0 0 1+j 0 0 0 ...
                 0 0 0 0 -1-j 0 0 0 -1-j 0 0 0 1+j 0 0 0 1+j 0 0 0 1+j 0 0 0 1+j 0 0];
if (s.BW==40)
    lstf40mode = 'duplicate';
else     
    lstf40mode = s.BW_20_TO_40;
end
% repeat HT-STF with expand to sts,cdd pre,Qmat,new normalization
    scale = tone_field_scale('HT-STF ',0,(s.MCS ==32),s.use_40_chan)/sqrt(s.NSTS);
%HT-STF expand to spatial streams
    if (s.isMM)
        short_full_fft = LSTF*ones(1,s.NSTS);
    else %GF
        short_full_fft = LSTF*PHTLTF(1:s.NSTS,1)';
    end
    tx_n_debug.htstf.symbols = short_full_fft;
    short_full_fft = modulate_or_duplicate (short_full_fft,20,lstf40mode);
    tx_n_debug.htstf.full_band_symbols = short_full_fft;
    short_full_fft =  permute(short_full_fft,[1 3 2]);
    short_full_fft = add_sts_cdd (short_full_fft);
    tx_n_debug.htstf.sts_cdd_symbols = short_full_fft;
    short_full_fft = mul_by_q (short_full_fft,s.Q,s.post_q_cdd);
    tx_n_debug.htstf.after_q_symbols = short_full_fft;
    td_htstf = scale*fd_to_td (short_full_fft,s.out_fft_size);
    tx_n_debug.htstf.fft_samples = td_htstf;
    if (s.isMM)
        td_htstf = add_cp(td_htstf,0);
    else
        td_htstf = add_cp(td_htstf,2);
    end
    tx_n_debug.htstf.after_cp = td_htstf;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File generate_lltf.m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%  function td_lltf = generate_lltf(s)
%  Generate L_LTF 
%  Input: s - structure defining packet
%  Output: td_lltf - time domain signal for L-LTF
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function td_lltf = generate_lltf(s)
global tx_n_debug;
% generate L-LTF or HT-LTF1
if (s.BW==40)
    lstf40mode = 'duplicate';
else     
    lstf40mode = s.BW_20_TO_40;
end
scale = tone_field_scale('L-LTF  ',s.islegacy,(s.MCS ==32),s.use_40_chan);
LLTF = zeros(64,1);
LLTF(1+bitand(64+(-26:26),63)) = [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];
tx_n_debug.lltf.symbols = LLTF;
long_full_fft = modulate_or_duplicate (LLTF,20,lstf40mode);
tx_n_debug.lltf.full_band_symbols = long_full_fft;
long_full_fft=long_full_fft*ones(1,s.nTx)/sqrt(s.nTx);
long_full_fft =  permute(long_full_fft,[1 3 2]);
long_full_fft = add_legacy_cdd (long_full_fft);
tx_n_debug.lltf.after_legacy_cdd_symbols = long_full_fft;
td_lltf = scale*fd_to_td (long_full_fft,s.out_fft_size);
tx_n_debug.lltf.fft_samples = td_lltf;
td_lltf = add_cp(td_lltf,2); 
tx_n_debug.lltf.after_cp_samples = td_lltf;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File generate_lsig.m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% function td_lsig=generate_lsig(s)
% Input:s - structure defining packet
% Output: td_lsig - time domain signal for L-SIG
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function td_lsig=generate_lsig(s)
global tx_n_debug;
if (s.BW==40)
    lstf40mode = 'duplicate';
else     
    lstf40mode = s.BW_20_TO_40;
end
scale = tone_field_scale('L-SIG  ',s.islegacy,(s.MCS ==32),s.use_40_chan);
lsigbits =[ bitand(floor(s.LSigRateField*(2.^-(0:3))),1)  0 ...
           bitand(floor(s.L_LENGTH*(2.^-(0:11))),1)  ];
parity = bitand(sum(lsigbits),1);
lsigbits = [lsigbits parity 0 0 0 0 0 0];
tx_n_debug.lsig.bits = lsigbits;
lsig_enc_bits  =conv_enc(lsigbits);
tx_n_debug.lsig.coded_bits = lsig_enc_bits;
lsig_intleaved = frequency_interleaver(lsig_enc_bits,48,1,3,16,0,1);
tx_n_debug.lsig.frequency_interleaved_bits = lsig_intleaved;
lsigsym        = qam_map(lsig_intleaved,1);
tx_n_debug.lsig.data_symbols = lsigsym;
Leg_carriers = ([(-26:-22) (-20:-8) (-6:-1) (1:6) (8:20) (22:26) ]);
lsig_pilots = gen_pilots_leg(1,0);%Nsym,skip
tx_n_debug.lsig.pilot_symbols = lsig_pilots;
lsigsym = merge_pilot_and_data(lsigsym,lsig_pilots,20,Leg_carriers,[-21 -7 7 21]);
tx_n_debug.lsig.all_symbols = lsigsym;
lsig_full_fft = modulate_or_duplicate (lsigsym,20,lstf40mode);
tx_n_debug.lsig.full_band_symbols = lsig_full_fft;
lsig_full_fft=lsig_full_fft*ones(1,s.nTx)/sqrt(s.nTx);
lsig_full_fft =  permute(lsig_full_fft,[1 3 2]);
lsig_full_fft = add_legacy_cdd (lsig_full_fft);
tx_n_debug.lsig.legacy_cdd_symbols = lsig_full_fft;
td_lsig = scale*fd_to_td (lsig_full_fft,s.out_fft_size);
tx_n_debug.lsig.fft_sampels = td_lsig;
td_lsig = add_cp(td_lsig,0); 
tx_n_debug.lsig.after_cp_samples = td_lsig;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File generate_lstf.m 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% function td_lstf = generate_lstf(s)
% generate L-STF
% Input: s - structure defining packet
% Output: td_lstf - time domain samples for L-STF
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function td_lstf = generate_lstf(s)
global tx_n_debug;
if (s.BW==40)
    lstf40mode = 'duplicate';
else     
    lstf40mode = s.BW_20_TO_40;
end
scale = tone_field_scale('L-STF  ',s.islegacy,(s.MCS ==32),s.use_40_chan);
LSTF = zeros(64,1);
LSTF(1+bitand(64+(-26:26),63)) = sqrt(1/2)*[0 0 1+j 0 0 0 -1-j 0 0 0 1+j 0 0 0 -1-j 0 0 0 -1-j 0 0 0 1+j 0 0 0 ...
                 0 0 0 0 -1-j 0 0 0 -1-j 0 0 0 1+j 0 0 0 1+j 0 0 0 1+j 0 0 0 1+j 0 0];
%L-STF 
tx_n_debug.lstf.symbols = LSTF;
long_full_fft = modulate_or_duplicate (LSTF,20,lstf40mode);
tx_n_debug.lstf.full_band_symbols = long_full_fft;
%copy for all antennas
long_full_fft=long_full_fft*ones(1,s.nTx)/sqrt(s.nTx);
long_full_fft =  permute(long_full_fft,[1 3 2]);
long_full_fft = add_legacy_cdd (long_full_fft);
tx_n_debug.lstf.after_legacy_cdd_symbols = long_full_fft;
td_lstf = scale*fd_to_td (long_full_fft,s.out_fft_size);
tx_n_debug.lstf.fft_samples = td_lstf;
td_lstf = add_cp(td_lstf,2);
tx_n_debug.lstf.after_cp = td_lstf;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File getcodetable.m 
% function [tab,z]=getcodetable(block,code_rate_enum)
% returns the code to be used
function [tab,z]=getcodetable(block,code_rate_enum)
% Table n103
% Matrix prototypes of parity check matrices for codeword block length n= 648 bits.
% Subblock size is Z= 27 bits.
% (a)
% Code rate R= 1/2.
if (block==648)
    z= 27;
    if (code_rate_enum==0)  
        tab=[...
        0 -1 -1 -1 0 0 -1 -1 0 -1 -1 0 1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1;
        22 0 -1 -1 17 -1 0 0 12 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1 -1 -1;
        6 -1 0 -1 10 -1 -1 -1 24 -1 0 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1 -1;
        2 -1 -1 0 20 -1 -1 -1 25 0 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1;
        23 -1 -1 -1 3 -1 -1 -1 0 -1 9 11 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1;
        24 -1 23 1 17 -1 3 -1 10 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1;
        25 -1 -1 -1 8 -1 -1 -1 7 18 -1 -1 0 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1;
        13 24 -1 -1 0 -1 8 -1 6 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1;
        7 20 -1 16 22 10 -1 -1 23 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1;
        11 -1 -1 -1 19 -1 -1 -1 13 -1 3 17 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1;
        25 -1 8 -1 23 18 -1 14 9 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0;
        3 -1 -1 -1 16 -1 -1 2 25 5 -1 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0;
        ];
    elseif (code_rate_enum==1)  
% (b)
% Code rate R= 2/3.
        tab=[...
         25 26 14 -1 20 -1 2 -1 4 -1 -1 8 -1 16 -1 18 1 0 -1 -1 -1 -1 -1 -1;
        10 9 15 11 -1 0 -1 1 -1 -1 18 -1 8 -1 10 -1 -1 0 0 -1 -1 -1 -1 -1;
        16 2 20 26 21 -1 6 -1 1 26 -1 7 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1;
        10 13 5 0 -1 3 -1 7 -1 -1 26 -1 -1 13 -1 16 -1 -1 -1 0 0 -1 -1 -1;
        23 14 24 -1 12 -1 19 -1 17 -1 -1 -1 20 -1 21 -1 0 -1 -1 -1 0 0 -1 -1;
        6 22 9 20 -1 25 -1 17 -1 8 -1 14 -1 18 -1 -1 -1 -1 -1 -1 -1 0 0 -1;
        14 23 21 11 20 -1 24 -1 18 -1 19 -1 -1 -1 -1 22 -1 -1 -1 -1 -1 -1 0 0;
        17 11 11 20 -1 21 -1 26 -1 3 -1 -1 18 -1 26 -1 1 -1 -1 -1 -1 -1 -1 0;
        ];
   elseif (code_rate_enum==2)   
% (c)
% Code rate R= 3/4.
        tab=[...
        16 17 22 24 9 3 14 -1 4 2 7 -1 26 -1 2 -1 21 -1 1 0 -1 -1 -1 -1;
        25 12 12 3 3 26 6 21 -1 15 22 -1 15 -1 4 -1 -1 16 -1 0 0 -1 -1 -1;
        25 18 26 16 22 23 9 -1 0 -1 4 -1 4 -1 8 23 11 -1 -1 -1 0 0 -1 -1;
        9 7 0 1 17 -1 -1 7 3 -1 3 23 -1 16 -1 -1 21 -1 0 -1 -1 0 0 -1;
        24 5 26 7 1 -1 -1 15 24 15 -1 8 -1 13 -1 13 -1 11 -1 -1 -1 -1 0 0;
        2 2 19 14 24 1 15 19 -1 21 -1 2 -1 24 -1 3 -1 2 1 -1 -1 -1 -1 0;
        ];
   elseif (code_rate_enum==3)   
% (d)
% Code rate R= 5/6.
        tab=[...
        17 13 8 21 9 3 18 12 10 0 4 15 19 2 5 10 26 19 13 13 1 0 -1 -1;
        3 12 11 14 11 25 5 18 0 9 2 26 26 10 24 7 14 20 4 2 -1 0 0 -1;
        22 16 4 3 10 21 12 5 21 14 19 5 -1 8 5 18 11 5 5 15 0 -1 0 0;
        7 7 14 14 4 16 16 24 24 10 1 7 15 6 10 26 8 18 21 14 1 -1 -1 0;
        ];
   end
elseif(block==1296)
%Table 1 n104
%Matrix prototypes of parity check matrices for codeword block length n= 1296 bits.
% Subblock size is Z= 54 bits.
% (a)
% Code rate R= 1/2.  
    z= 54;
    if (code_rate_enum==0)  
        tab=[...
        40 -1 -1 -1 22 -1 49 23 43 -1 -1 -1 1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1;
        50 1 -1 -1 48 35 -1 -1 13 -1 30 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1 -1 -1;
        39 50 -1 -1 4 -1 2 -1 -1 -1 -1 49 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1 -1;
        33 -1 -1 38 37 -1 -1 4 1 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1;
        45 -1 -1 -1 0 22 -1 -1 20 42 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1;
        51 -1 -1 48 35 -1 -1 -1 44 -1 18 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1;
        47 11 -1 -1 -1 17 -1 -1 51 -1 -1 -1 0 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1;
        5 -1 25 -1 6 -1 45 -1 13 40 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1;
        33 -1 -1 34 24 -1 -1 -1 23 -1 -1 46 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1;
        1 -1 27 -1 1 -1 -1 -1 38 -1 44 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1;
        -1 18 -1 -1 23 -1 -1 8 0 35 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0;
        49 -1 17 -1 30 -1 -1 -1 34 -1 -1 19 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0;
        ];
% (b)
% Code rate R= 2/3.
    elseif (code_rate_enum==1)  
    tab=[...
        39 31 22 43 -1 40 4 -1 11 -1 -1 50 -1 -1 -1 6 1 0 -1 -1 -1 -1 -1 -1;
        25 52 41 2 6 -1 14 -1 34 -1 -1 -1 24 -1 37 -1 -1 0 0 -1 -1 -1 -1 -1;
        43 31 29 0 21 -1 28 -1 -1 2 -1 -1 7 -1 17 -1 -1 -1 0 0 -1 -1 -1 -1;
        20 33 48 -1 4 13 -1 26 -1 -1 22 -1 -1 46 42 -1 -1 -1 -1 0 0 -1 -1 -1;
        45 7 18 51 12 25 -1 -1 -1 50 -1 -1 5 -1 -1 -1 0 -1 -1 -1 0 0 -1 -1;
        35 40 32 16 5 -1 -1 18 -1 -1 43 51 -1 32 -1 -1 -1 -1 -1 -1 -1 0 0 -1;
        9 24 13 22 28 -1 -1 37 -1 -1 25 -1 -1 52 -1 13 -1 -1 -1 -1 -1 -1 0 0;
        32 22 4 21 16 -1 -1 -1 27 28 -1 38 -1 -1 -1 8 1 -1 -1 -1 -1 -1 -1 0;
        ];
% (c)
% Code rate R= 3/4.
    elseif (code_rate_enum==2)  
    tab=[...
         39 40 51 41 3 29 8 36 -1 14 -1 6 -1 33 -1 11 -1 4 1 0 -1 -1 -1 -1;
        48 21 47 9 48 35 51 -1 38 -1 28 -1 34 -1 50 -1 50 -1 -1 0 0 -1 -1 -1;
        30 39 28 42 50 39 5 17 -1 6 -1 18 -1 20 -1 15 -1 40 -1 -1 0 0 -1 -1;
        29 0 1 43 36 30 47 -1 49 -1 47 -1 3 -1 35 -1 34 -1 0 -1 -1 0 0 -1;
        1 32 11 23 10 44 12 7 -1 48 -1 4 -1 9 -1 17 -1 16 -1 -1 -1 -1 0 0;
        13 7 15 47 23 16 47 -1 43 -1 29 -1 52 -1 2 -1 53 -1 1 -1 -1 -1 -1 0;
        ];
    elseif (code_rate_enum==3)  
%(d)
% Code rate R= 5/6.
        tab=[...
        48 29 37 52 2 16 6 14 53 31 34 5 18 42 53 31 45 -1 46 52 1 0 -1 -1;
        17 4 30 7 43 11 24 6 14 21 6 39 17 40 47 7 15 41 19 -1 -1 0 0 -1;
        7 2 51 31 46 23 16 11 53 40 10 7 46 53 33 35 -1 25 35 38 0 -1 0 0;
        19 48 41 1 10 7 36 47 5 29 52 52 31 10 26 6 3 2 -1 51 1 -1 -1 0;
        ];
    end
elseif(block==1944)
%Table 1 n105
% Matrix prototypes of parity check matrices for codeword block length n=1944 bits.
% Subblock size is Z = 81 bits.
%(a)
% Code rate R= 1/2.
    z= 81;
    if (code_rate_enum==0)  
        tab=[...
        57 -1 -1 -1 50 -1 11 -1 50 -1 79 -1 1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1;
        3 -1 28 -1 0 -1 -1 -1 55 7 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1 -1 -1;
        30 -1 -1 -1 24 37 -1 -1 56 14 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1 -1;
        62 53 -1 -1 53 -1 -1 3 35 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1 -1;
        40 -1 -1 20 66 -1 -1 22 28 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1;
        0 -1 -1 -1 8 -1 42 -1 50 -1 -1 8 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1;
        69 79 79 -1 -1 -1 56 -1 52 -1 -1 -1 0 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1;
        65 -1 -1 -1 38 57 -1 -1 72 -1 27 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1;
        64 -1 -1 -1 14 52 -1 -1 30 -1 -1 32 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1;
        -1 45 -1 70 0 -1 -1 -1 77 9 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -1;
        2 56 -1 57 35 -1 -1 -1 -1 -1 12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0;
        24 -1 61 -1 60 -1 -1 27 51 -1 -1 16 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0;
        ];
% (b)
% Code rate R= 2/3.
    elseif (code_rate_enum==1)  
        tab=[...
        61 75 4 63 56 -1 -1 -1 -1 -1 -1 8 -1 2 17 25 1 0 -1 -1 -1 -1 -1 -1;
        56 74 77 20 -1 -1 -1 64 24 4 67 -1 7 -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1;
        28 21 68 10 7 14 65 -1 -1 -1 23 -1 -1 -1 75 -1 -1 -1 0 0 -1 -1 -1 -1;
        48 38 43 78 76 -1 -1 -1 -1 5 36 -1 15 72 -1 -1 -1 -1 -1 0 0 -1 -1 -1;
        40 2 53 25 -1 52 62 -1 20 -1 -1 44 -1 -1 -1 -1 0 -1 -1 -1 0 0 -1 -1;
        69 23 64 10 22 -1 21 -1 -1 -1 -1 -1 68 23 29 -1 -1 -1 -1 -1 -1 0 0 -1;
        12 0 68 20 55 61 -1 40 -1 -1 -1 52 -1 -1 -1 44 -1 -1 -1 -1 -1 -1 0 0;
        58 8 34 64 78 -1 -1 11 78 24 -1 -1 -1 -1 -1 58 1 -1 -1 -1 -1 -1 -1 0;
        ];
% (c)
% Code rate R= 3/4.
    elseif (code_rate_enum==2)  
        tab=[...
        48 29 28 39 9 61 -1 -1 -1 63 45 80 -1 -1 -1 37 32 22 1 0 -1 -1 -1 -1;
        4 49 42 48 11 30 -1 -1 -1 49 17 41 37 15 -1 54 -1 -1 -1 0 0 -1 -1 -1;
        35 76 78 51 37 35 21 -1 17 64 -1 -1 -1 59 7 -1 -1 32 -1 -1 0 0 -1 -1;
        9 65 44 9 54 56 73 34 42 -1 -1 -1 35 -1 -1 -1 46 39 0 -1 -1 0 0 -1;
        3 62 7 80 68 26 -1 80 55 -1 36 -1 26 -1 9 -1 72 -1 -1 -1 -1 -1 0 0;
        26 75 33 21 69 59 3 38 -1 -1 -1 35 -1 62 36 26 -1 -1 1 -1 -1 -1 -1 0;
        ];
%(d)
% Code rate R= 5/6.
    elseif (code_rate_enum==3)  
        tab=[...
         13 48 80 66 4 74 7 30 76 52 37 60 -1 49 73 31 74 73 23 -1 1 0 -1 -1;
        69 63 74 56 64 77 57 65 6 16 51 -1 64 -1 68 9 48 62 54 27 -1 0 0 -1;
        51 15 0 80 24 25 42 54 44 71 71 9 67 35 -1 58 -1 29 -1 53 0 -1 0 0;
        16 29 36 41 44 56 59 37 50 24 -1 65 4 65 52 -1 4 -1 73 52 1 -1 -1 0;
        ];
    end
else
errordlg('Invalid block rate')
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File init_bf.m 
% function s_out = init_bf(s_in)
%  Verifies BF configuration and expands Q matrix
%  Input  - packet info structure
%  Output - modified structure
function s_out = init_bf(s_in)
s_out = s_in;
global T_ITX_CS; %table n65
if (s_out.islegacy)
  s_out.post_q_cdd=zeros(1,s_out.nTx);
  % in this case Q will be used to duplicate the streams to antennas
  % cdd that will take effect will be legacy cdd in a separate module.
end
if (s_out.calib)
  % initialize calibration, override external Q or cdd
  if (s_out.NUM_EXTEN_SS ~= s_out.nTx-s_out.NSTS) 
      errordlg ('number of tx antennas should match total number of probed streams')
  end
  Q=PHTLTF(1:s_out.nTx,1:s_out.NSTS+s_out.NUM_EXTEN_SS);
  s_out.post_q_cdd=T_ITX_CS(s_out.nTx,:);
elseif (strcmp(s_out.BF_Q_source,'default'))
    if (s_out.nTx<s_out.NSTS)
       errordlg('Not enough Tx antennas to support rate');
   end
   if (s_out.NUM_EXTEN_SS>0)
       errordlg('cannot use extendion LTF with direct conversion');
    end
    if (length(s_out.post_q_cdd)<s_out.nTx)
       errordlg('not enough cdd values');
    end
    if (s_out.nTx==s_out.NSTS)
        Q = eye(s_out.NSTS);
    else
        if (s_out.NSTS==1)
            Q = 1/sqrt(s_out.nTx)*ones(s_out.nTx,1);
        else
            if (s_out.NSTS==2 && s_out.nTx==3)
                Q = sqrt(2/3)*([ 1 0 ; 0 1 ; 1 0]);
            end
            if (s_out.NSTS==2 && s_out.nTx==4)
                Q = sqrt(2/4)*([1 0 ; 0 1; 1 0 ; 0 1]);
            end
            if (s_out.NSTS==3 && s_out.nTx==4)
                Q =sqrt(3/4)*([1 0 0 ; 0 1 0 ; 0 0 1; 1 0 0 ;]);
            end
        end
    end
    s_out.Q = reshape(repmat(Q,1,s_in.in_fft_size),size(Q,1),size(Q,2),s_in.in_fft_size);
elseif (strcmp(s_out.BF_Q_source,'const+cdd'))
    % verify Q exists and sizes are correct
    if (size(s_out.FixedQ,1)~=s_out.nTx)
        errordlg('BF matrix should have nTx number of rows')
    end
    if (size(s_out.FixedQ,2)~=(s_out.nSTS+s_out.NUM_EXTEN_SS))
        errordlg('BF matrix should have nSTS+NextLTF number of columns')
    end
    if (length(s_out.post_q_cdd)<s_out.nTx)
       errordlg('not enough cdd values');
    end
    s_out.Q = reshape(repmat(FixedQ,1,in_fft_size),size(FixedQ,1),size(FixedQ,2),s_in.in_fft_size);
elseif (strcmp(s_out.BF_Q_source,'general'))
    if (size(s_out.Q,3)~=s_out.in_fft_size)
        errordlg('Should supply 64 or 128 BF matrices accroding to mode')
    end
    if (size(s_out.Q,1)~=s_out.nTx)
        errordlg('BF matrix should have nTx number of rows')
    end
    if (size(s_out.Q,2)~=(s_out.nSTS+s_out.NUM_EXTEN_SS))
        errordlg('BF matrix should have nSTS+NextLTF number of columns')
    end
else
    errordlg('invalid BF_Q_source value')
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File ldpc_encode.m 
% function bits = ldpc_encode(inp,ldpc_params)
% performs ldpc encoding.
% Input: inp - input bits
%        ldpc_params - encoding params structure for packet
% Ouput: encoded bits
function bits = ldpc_encode(inp,ldpc_params)
bits=zeros(ldpc_params.N_avbits,1);
generator_matrix = calculate_generator_matrix(ldpc_params.N_Blk,ldpc_params.code_rate_ind);
in_blk_start_ptr=1; % where the next block starts
out_blk_start_ptr=1; % where the next block starts
for ii=1:ldpc_params.N_cw
    ldpc_bits=zeros(ldpc_params.K_Blk,1);% initialize to 0 
    % calculate size of data,parity and repeat
    blk_size = ldpc_params.K_Blk-ldpc_params.shortvec(ii);
    parity_size = ldpc_params.N_Blk-ldpc_params.K_Blk-ldpc_params.puntvec(ii);
    rep_size = ldpc_params.repvec(ii);
    % copy systematic part to ldpc encoder input buffer
    ldpc_bits(1:blk_size)=inp(in_blk_start_ptr:in_blk_start_ptr+blk_size-1);
    in_blk_start_ptr=in_blk_start_ptr+blk_size;
    % generate parity 
    parity = bitand((generator_matrix* ldpc_bits) , 1);
    % combine the two after shortening and pucturing
    ldpc_data_and_parity = [ldpc_bits(1:blk_size);parity(1:parity_size)];
    % generate repeat bits by copying (possibly cyclically) data and parity
    rep_bits=ldpc_data_and_parity(1+mod((0:rep_size-1),length(ldpc_data_and_parity)));
    % combine entire block
    ldpc_block= [ldpc_data_and_parity;rep_bits];
    blk_out_size = length(ldpc_block);
    % copy  to output
    bits(out_blk_start_ptr:out_blk_start_ptr+blk_out_size-1)=ldpc_block; 
    out_blk_start_ptr = out_blk_start_ptr+blk_out_size;
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File ldpc_encoder_params.m 
%function ldpc_params=ldpc_encoder_params(length,code_rate_ind,mstbc,Ncpbs)
% This function generates a structure of ldpc related parameters
% Inputs:
%        length - packet length inbytes 
%        code_rate_ind - 0,1,2,3 representing 1/2,2/3,3/4,5/6 respectively
%        mstbc         - 1,2 representing non stbc and stbc respectively
%        Ncpbs         - total coded bits for OFDM symbol
function ldpc_params=ldpc_encoder_params(length,code_rate_ind,mstbc,Ncpbs)
global num_vec denum_vec;
num=num_vec(1+code_rate_ind);
denum=denum_vec(1+code_rate_ind);
R=num/denum;
N_pld = length*8+16;
N_avbits=Ncpbs*mstbc*ceil(N_pld/Ncpbs/R/mstbc);
if (N_avbits<=648)
    N_cw=1;
    if(N_avbits>=N_pld+912/denum) % 1-R = 1/denum
        N_Blk = 1296;
    else
        N_Blk = 648;
    end
elseif(N_avbits<=1296)
    N_cw=1;
    if(N_avbits>=N_pld+1464/denum) % 1-R = 1/denum
        N_Blk = 1944;
    else
        N_Blk = 1296;
    end
elseif(N_avbits<=1944)
    N_cw=1;
    N_Blk = 1944;
elseif(N_avbits<=2592)
    N_cw=2;
    if(N_avbits>=N_pld+2916/denum) % 1-R = 1/denum
        N_Blk = 1944;
    else
        N_Blk = 1296;
    end
else
    N_Blk = 1944;    
    N_cw=ceil(N_pld/(N_Blk*R));
end
N_shrt = N_cw* N_Blk*R-N_pld;
N_punct = max(0,N_cw* N_Blk-N_avbits-N_shrt);
% Floating point operation have been replaced by integer operations using
% 1-R = 1/denum
% R/(1-R) = num
%
if ((10*N_punct>N_cw* N_Blk/denum) && (10*N_shrt<12*N_punct*num)) ||(10*N_punct>3*N_cw* N_Blk/denum)
    N_avbits=N_avbits+Ncpbs*mstbc;
    N_punct = max(0,N_cw* N_Blk-N_avbits-N_shrt);
end
Nsym = N_avbits/Ncpbs;
Nrep=max(0,N_avbits-N_cw* N_Blk/denum-N_pld);    
shortvec=floor(N_shrt/N_cw)*ones(1,N_cw);;
inx=N_shrt-N_cw*floor(N_shrt/N_cw);
shortvec(1:inx)=shortvec(1:inx)+1;
puntvec=floor(N_punct/N_cw)*ones(1,N_cw);
ind=N_punct-N_cw*floor(N_punct/N_cw);
puntvec(1:ind)=puntvec(1:ind)+1;
repvec=floor(Nrep/N_cw)*ones(1,N_cw);
ind=Nrep-N_cw*floor(Nrep/N_cw);
repvec(1:ind)=repvec(1:ind)+1;
ldpc_params.code_rate_ind = code_rate_ind;
ldpc_params.N_cw=N_cw;
ldpc_params.N_Blk=N_Blk;
ldpc_params.K_Blk=N_Blk*num/denum;   % N_Blk*R
ldpc_params.N_pld=N_pld;
ldpc_params.Nsym=Nsym;
ldpc_params.N_avbits=N_avbits;
ldpc_params.shortvec=shortvec;
ldpc_params.puntvec=puntvec;
ldpc_params.repvec=repvec;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File mcs_info.m 
% function s_out = mcs_info(s_in)
% This functions validates the input structure and calculates derived
% internal parameters. The additinal parameters are appended to the
% structure and returned as the output
function s_out = mcs_info(s_in)
global Legacy_Info   MCS_Info20   MCS_Info40;
global PHTLTF;
global Punct num_vec denum_vec;
global Pilot_Subcarriers_20 Pilot_Subcarriers_40;
s_out = s_in;
s_out.islegacy = strcmp(s_in.FORMAT,'NON_HT');
s_out.isMM     = strcmp(s_in.FORMAT,'HT_MM');
s_out.isGF     = strcmp(s_in.FORMAT,'HT_GF');
% Translate the extern CW and CW_OFFSET parameters from TXVECTOR to
% internal parameters which are 
% BW=20 if there is one band or if subchannels are not independet
%    40 40 Mhz HT operation
% BW_20_TO_40 = 
%         'upper' upper mode
%         'lower' lower mode
%         'duplicate' for 40Mhz duplicate and(!) mcs 32
s_out.BW_20_TO_40='none'; % default
s_out.BW=20;
s_out.in_fft_size = 128;
if (strcmp(s_in.CW,'HT_CW40'))
    if (strcmp(s_in.CW_OFFSET,'CH_OFF_20U'))
        s_out.BW_20_TO_40='upper';
        s_out.use_40_chan = 0;           % for scaling table
    elseif(strcmp(s_in.CW_OFFSET,'CH_OFF_20L'))
         s_out.BW_20_TO_40='lower';
        s_out.use_40_chan = 0;           % for scaling table
    elseif(strcmp(s_in.CW_OFFSET,'CH_OFF_40'))
        s_out.use_40_chan = 1;           % for scaling table
        if (s_in.MCS~=32)
            s_out.BW=40;
        else
            s_out.BW_20_TO_40='duplicate';
        end
    else
        errordlg('Invalid value for CW_OFFSET')
    end
elseif (strcmp(s_in.CW,'HT_CW20DN'))
    s_out.BW_20_TO_40='duplicate';
    s_out.use_40_chan = 1;               % for scaling table
elseif(strcmp(s_in.CW,'HT_CW20'))
    if (s_in.MCS==32)
        errordlg('MCS 32 is transmitted with CW = HT_CW40 only')
    end
    s_out.in_fft_size = 64;
    s_out.use_40_chan = 0;               % for scaling table
else
    errordlg('Invalid value for CW')
end
if (s_in.output_rate~=20 && s_in.output_rate~=40 && s_in.output_rate~=80)
    errordlg ('invalid output rate. Pick 20,40,80' )
end
if(~strcmp(s_in.CW,'HT_CW20') && s_in.output_rate==20)
    errordlg ('invalid output rate.Pick 40,80 ' ) 
end
s_out.out_fft_size =64*(s_in.output_rate/20); % should be 20/40/80
% check for sanity
if (s_out.islegacy)
    if (s_in.SHORT_GI)
        errordlg('Short Gi is not allowed in Legacy Mode');
    end
    if (s_in.LENGTH>4095)
        errordlg('Length is too large for legacy packet');
    end
    if (s_in.MCS>7)
        errordlg('Mcs too large for legacy packet');
    end
end
if (s_out.islegacy)
    if (s_in.LENGTH<=0 || s_in.LENGTH>4095)
        errordlg('Length is incompatible with legacy packet' )
    end
    s_out.CodeRateInd = Legacy_Info(s_in.MCS+1,2);
    s_out.Nss=1;
    s_out.NSTS=1;
    s_out.NBPSC         =Legacy_Info(s_in.MCS+1,3); 
    s_out.Constellations=Legacy_Info(s_in.MCS+1,3); 
    s_out.Ndata=48;
    s_out.Npilots=4;
    s_out.NCBPS=s_out.Ndata * s_out.NBPSC;
    s_out.NDBPS=s_out.Ndata * s_out.NBPSC* num_vec(1+s_out.CodeRateInd)/denum_vec(1+s_out.CodeRateInd);
    s_out.NE=1;
    s_out.NCOL = 16;
    s_out.NROW = s_out.NCBPS/16;
    s_out.NROT = 0;
    s_out.Nsym = ceil((16+8*s_in.LENGTH+6)/s_out.NDBPS);
    s_out.NDataBits = s_out.Nsym*s_out.NDBPS;
    s_out.Pilot_Subcarriers=Pilot_Subcarriers_20;
    s_out.Data_Subcarriers=([(-26:-22) (-20:-8) (-6:-1) (1:6) (8:20) (22:26) ]);
    s_out.L_LENGTH = s_in.LENGTH;
    s_out.LSigRateField = Legacy_Info(s_in.MCS+1,4);
    s_out.L_DATARATE    = s_out.NDBPS/4; % 4 is symbol duration in usec Rate is in Mbps
else  % not in legacy packet
    if (s_in.LENGTH<0 || s_in.LENGTH>=2^16)
        errordlg('Length is incompatible with 802.11n packet' )
    end
    if (s_out.BW == 20 )
        s_out.Pilot_Subcarriers=Pilot_Subcarriers_20;    
        s_out.Npilots = 4;
        if (s_in.MCS==32)
            s_out.Data_Subcarriers=([(-26:-22) (-20:-8) (-6:-1) (1:6) (8:20) (22:26) ]);
            mcs_line=[32 0 1 1 0 0 0];
        else
            mcs_line = MCS_Info20(find(MCS_Info20(:,1)==s_in.MCS),:);
            s_out.Data_Subcarriers=([(-28:-22) (-20:-8) (-6:-1) (1:6) (8:20) (22:28)]);
        end
    else
        mcs_line = MCS_Info40(find(MCS_Info40(:,1)==s_in.MCS),:);
        s_out.Pilot_Subcarriers=Pilot_Subcarriers_40;
        s_out.Data_Subcarriers=([(-58:-54) (-52:-26) (-24:-12) (-10:-2) (2:10) (12:24) (26:52) (54:58)]);
        s_out.Npilots = 6;
    end
    s_out.Ndata =length(s_out.Data_Subcarriers);
    s_out.CodeRateInd = mcs_line(2);
    s_out.Nss=mcs_line(3);
    s_out.NSTS=s_out.Nss+s_in.STBC; % not all combinations are allowed here
    s_out.Constellations=mcs_line(4:4+s_out.Nss -1);
    s_out.NBPSC=sum(s_out.Constellations);
    s_out.NCBPS=s_out.NBPSC*s_out.Ndata;
    s_out.NDBPS=s_out.NCBPS*num_vec(1+s_out.CodeRateInd)/denum_vec(1+s_out.CodeRateInd);
    if (s_in.SHORT_GI)
        Rate = s_out.NDBPS/3.6;
    else
        Rate = s_out.NDBPS/4;
    end
    if (s_out.MCS == 32)
        s_out.NCOL = 16;
        s_out.NROW = s_out.NCBPS/16;
        s_out.NROT = 0;
    elseif (s_out.BW == 20)
        s_out.NCOL = 13;
        s_out.NROW = 4*s_out.Constellations;
        s_out.NROT = 11;
    else
        s_out.NCOL = 18;
        s_out.NROW = 6*s_out.Constellations;
        s_out.NROT = 29;
    end
    if (s_out.Nss==1)
        s_out.NROT = 0;
    end
    mstbs = 1+(s_out.STBC>0);
    if (s_in.LDPC_CODING)
        s_out.ldpc_params = ldpc_encoder_params(s_in.LENGTH,s_out.CodeRateInd,mstbs,s_out.NCBPS);
        s_out.Nsym=s_out.ldpc_params.Nsym;
        s_out.NDataBits=s_out.ldpc_params.N_pld;
    else
        % start of BCC specific
        s_out.NE=1+(Rate>300);  % here condition may change to 1+(RateLongCP>300)
        s_out.Nsym = mstbs*ceil((16+8*s_in.LENGTH+6*s_out.NE)/(s_out.NDBPS*mstbs));
        %end of bcc specific
        s_out.NDataBits = s_out.Nsym*s_out.NDBPS;
    end
    s_out.NDataLTF = s_out.NSTS+(s_out.NSTS==3);
    s_out.NExteneionLTF = s_out.NUM_EXTEN_SS+(s_out.NUM_EXTEN_SS==3);
    s_out.NTotalLTF = s_out.NDataLTF+s_out.NExteneionLTF;
    % calculate Lsig length if not specified externally
    % if spedified externally will take external value
    if ((s_in.L_LENGTH==0) && s_out.isMM)
        if (s_in.SHORT_GI)
            symbolTime=9/10;
        else
            symbolTime=1;
        end
        s_out.L_LENGTH = 3*(ceil(s_out.Nsym*symbolTime)+s_out.NTotalLTF+3)-3;
    end
    s_out.LSigRateField   = Legacy_Info(0+1,4);
    s_out.L_DATARATE      = 6;
end
s_out.PtPattern = Punct{s_out.CodeRateInd +1};
stbc_1_msc_list = ([(0:23) (33:39)  41 43 46 48 50 ]);
stbc_2_msc_list = [(8:15) (33:38)];
if (s_in.STBC)
    if (s_in.STBC==1)
        if length(find(stbc_1_msc_list==s_in.MCS))==0
            errordlg('mcs is not compatible with stbc')
        end
    elseif (s_in.STBC==2)
        if length(find(stbc_2_msc_list==s_in.MCS))==0
            errordlg('mcs is not compatible with stbc')
        end
    end
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File merge_encoders.m 
%function bits = merge_encoders(bitsA,bitsB,bspc_streams)
% input : two column vectors of bits
% output: merge for before stream parser
function bits = merge_encoders(bitsA,bitsB,bspc_streams)
bspc_streams_axis = max(bspc_streams/2,1);
sum_s = sum(bspc_streams_axis);
bits=[reshape(bitsA,sum_s,length(bitsA)/sum_s)' reshape(bitsB,sum_s,length(bitsB)/sum_s)']';
bits= bits(:);
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File merge_pilot_and_data.m 
% function symbols = merge_pilot_and_data(data_sym,pilot_sym,BW,data_c,pilot_c)
% merges pilot and data to fft symbol
% BW = 20/40
% data_c,pilot_c - carrier indices for data and pilot
function symbols = merge_pilot_and_data(data_sym,pilot_sym,BW,data_c,pilot_c)
nSTS = size(data_sym,1);
if (nSTS>4)
    errordlg('data size is wrong')
end
Nsym = size(data_sym,2)/length(data_c);
ndata = size(data_c,2);
npilot = size(pilot_c,2);
if BW==20
    fft_size = 64;
else
    fft_size = 128;
end
symbols =   zeros(fft_size,Nsym,nSTS);
for iSTS = 1:nSTS
    sts_sym    =  data_sym(iSTS,:);
    p_sym      =  pilot_sym(iSTS,:);
    sts_sym    =  reshape(sts_sym,length(data_c),Nsym);
    p_sym      =  reshape(p_sym,length(pilot_c),Nsym);
    symbols (1+ bitand(data_c+fft_size,fft_size-1),:,iSTS) = sts_sym(1:ndata,:);
    symbols (1+ bitand(pilot_c+fft_size,fft_size-1),:,iSTS) = p_sym(1:npilot,:);
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File merge_segments.m 
% function td_sig = merge_segments(win,varargin)
% merges different signals to a single signal
% If window is empty then they are concatenated.
% If window is not empty the signals are windowed and added with overlap
function td_sig = merge_segments(win,varargin)
len = 0;
% calculate signal as sum of signals length
for ii=1:nargin-1
    len=len+size(varargin{ii},1)*size(varargin{ii},3);
end
nTx = size(varargin{2},2);
if (length(win)==0)
    td_sig = zeros(nTx,len); % maybe + extras
    start = 1;
    for ii=1:nargin-1
        if (~prod(size(varargin{ii})))
            continue;
        end
        sym_size=size(varargin{ii},3);
        nsym=size(varargin{ii},1);
        for jj=1:nsym
           td_sig(:,start:start+sym_size-1)=shiftdim(varargin{ii}(jj,:,:),1);
           start=start+sym_size;
        end
    end
else
    winlen=length(win);
    td_sig = zeros(nTx,len+winlen); % maybe + extras
    start = 1;
    for ii= 1:nargin-1
        if (~prod(size(varargin{ii})))
            continue;
        end
        sym_size=size(varargin{ii},3);
        % find periodicity (cyclic prefix could be different) 64*floor(/64)
        nsym=size(varargin{ii},1);
        for jj=1:nsym
            symbol=zeros(nTx,sym_size);
            symbol(:,:) = varargin{ii}(jj,:,:);
            symbol_expanded = apply_win(win,symbol);
            td_sig(:,start:start+sym_size+winlen-1)=td_sig(:,start:start+sym_size+winlen-1)+symbol_expanded;
            start=start+sym_size;
        end
    end
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File modulate_or_duplicate.m 
% function mod_sym = modulate_or_duplicate (sym,org_bw,exp_bw_string)
% This function will create 128 fft point as functino of 64 fft input
% according to :
%
% This function also multiplies the upper part by j
%
%
% Input    sym:Nfft(Beforeshift)x nsym x nsts
%          org_bw 20/40
%          exp_bw_string 
%                       'none' - do nothing 
%                       'upper'
%                       'lower'
%                       'duplicate'
%
% Ouput  
%            mod_sym: Nfft x nsym x nsts
function mod_sym = modulate_or_duplicate (sym,org_bw,exp_bw_string)
if (org_bw==40 )
    if (size(sym,1)~=128)
        errordlg('input vector has wrong format')
    end
    mod_sym = sym;
    mod_sym(1+(0:63),:,:)=mod_sym(1+(0:63),:,:)*j;
    return;
end
if (size(sym,1)~=64)
    errordlg('input vector has wrong format')
end
if (strcmp(exp_bw_string,'none') )
    mod_sym = sym;
    return ;
end
mod_sym = zeros(128,size(sym,2),size(sym,3));
if (strcmp(exp_bw_string,'lower') )
    mod_sym(1+(96:96+31),:,:)= sym(1+(0:31),:,:);
    mod_sym(1+(64:64+31),:,:)=sym(1+(32:63),:,:);
end
if (strcmp(exp_bw_string,'upper') )
    mod_sym(1+(32:32+31),:,:)=sym(1+(0:31),:,:);
    mod_sym(1+(0:31),:,:)=sym(1+(32:63),:,:);
end
if (strcmp(exp_bw_string,'duplicate') )
    mod_sym(1+(0:31),:,:)=sym(1+(32:63),:,:) *j;
    mod_sym(1+(32:32+31),:,:)=sym(1+(0:31),:,:) *j;
    mod_sym(1+(64:64+31),:,:)=sym(1+(32:63),:,:);
    mod_sym(1+(96:96+31),:,:)=sym(1+(0:31),:,:);
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File mul_by_q.m 
% function sym_tx_ant =  mul_by_q (sts_symbols,q_mat,post_q_cdd)
% multiply by  Q matrix and adds cdd
% The cdd could be added on top of Q instead of defining it separately but 
% for spatial expansion it is more clear to separate const matrix and cdd
% Input 
%           sts_symbols :fft_size x nsym x nsts
%           q_mat   :    nTx x nSTS x nFFT
%           post_q_cdd: cdd to apply after the multiplication
% Output
%           sym_tx_ant fft_size x nsym x nTx
%
function sym_tx_ant = mul_by_q (sts_symbols,q_mat,post_q_cdd)
nsts =     size(sts_symbols,3);
nsym =     size(sts_symbols,2);
fft_size = size(sts_symbols,1);
nTx = size(q_mat,1);
q_bin = zeros(nTx,nsts);
sym_tx_ant = zeros([fft_size nsym nTx]);
for nfft = (1:fft_size)
    for isym = 1:nsym
        q_bin = q_mat(1:nTx,1:nsts,nfft); % extract Q for specific bin
        sym_tx_ant(nfft,isym,:) = q_bin*squeeze(sts_symbols(nfft,isym,:));
    end
end
sym_tx_ant=add_cdd(sym_tx_ant,post_q_cdd);
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File puncture_bits.m 
% puncturing function
% function punct_bits = puncture_bits(bits,pattern)
% input : coded bits
%         puncture patterns vector (1 retain 0 puncture)
%
function punct_bits = puncture_bits(bits,pattern)
len = length(pattern);
punct_bits = bits(find(pattern(1+mod((0:length(bits)-1),len))==1));
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File qam_map.m 
% maps a single spatial stream
% function symbols = qam_map(bits,bpsc)
% Input : bits - bits to map
%         bpsc - bits per symbol (1,2,4,6)
% Output: Symbols
%
function symbols = qam_map(bits,bpsc)
MAP1     =            [-1 1];
MAP2     = sqrt(1/2) *[-1 1];
MAP4     = sqrt(1/10)*[-3 -1 3 1];
MAP6     = sqrt(1/42)*[-7 -5 -1 -3 7 5 1 3];
if (bpsc==1)
    symbols = MAP1(bits+1);
    return
end
sym_ind = [reshape(bits,(bpsc/2),length(bits)/(bpsc/2))' ]*2.^(bpsc/2-1:-1:0)';
if (bpsc ==2 )
    sym_re = MAP2(1+sym_ind);
end
if (bpsc ==4 )
    sym_re = MAP4(1+sym_ind);
end
if (bpsc ==6 )
    sym_re = MAP6(1+sym_ind);
end
symbols = sym_re(1:2:end)+j*(sym_re(2:2:end));
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File read_bits.m 
%function bits = read_bits (name)
% input : file name that contains rows with byte in each row
% output: column of bits generated byte by byte with lsb first
%
function bits = read_bits (name)
fid = fopen (name,'rt');
hex_read = fscanf(fid,'%s\n'); % appends all words
fclose(fid);
bytes = reshape(hex_read,2,length(hex_read)/2)'; % resahpe to bytes
bytes_dec = hex2dec(bytes);     % convert to int
bits = bitand(floor(bytes_dec*(2.^-(0:7))),1); % separate to bits
bits=bits';                                    % 
bits=bits(:);                                  % create bit stream in correct order
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File scrambler_seq.m 
% scrambler function
% function scr_bits = scrambler_seq(start,size)
%      Input: start - scrambler initialization
%             size  - length of sequence to scrambler
%      Output: scrambler sequence to xor with bits
%
function scr_bits = scrambler_seq(start,size)
% periodic scrambler sequence
scr_seq =...
[...
     0     0     0     0     1     1     1     0     1     1     1     1 ...
     0     0     1     0     1     1     0     0     1     0     0     1 ...
     0     0     0     0     0     0     1     0     0     0     1     0 ...
     0     1     1     0     0     0     1     0     1     1     1     0 ...
     1     0     1     1     0     1     1     0     0     0     0     0 ...
     1     1     0     0     1     1     0     1     0     1     0     0 ...
     1     1     1     0     0     1     1     1     1     0     1     1 ...
     0     1     0     0     0     0     1     0     1     0     1     0 ...
     1     1     1     1     1     0     1     0     0     1     0     1 ...
     0     0     0     1     1     0     1     1     1     0     0     0 ...
     1     1     1     1     1     1     1];
%map scrambler bits to register value
scr_init_seq = filter (2.^(0:6),1,[scr_seq scr_seq(1:6)]);
% find where matches start value
init_loc  = find(scr_init_seq(7:end)==start)+6;
% generate periodic sequence that starts from init value
scr_bits = scr_seq(1+mod(init_loc+(0:size-1),127));
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File set_song_parameters.m 
% This is a default configuration to generate the 802.11a Annex G packet.
% Should generate the exact waveform of Annex G if window is modified
clear sim80211nconfig     % clear configuration
sim80211nconfig.BitSource='';        % or filename
sim80211nconfig.BitSource='song.hex';        % or filename
sim80211nconfig.FORMAT='NON_HT'; %Legacy  % MixedMode %GreenField
sim80211nconfig.L_LENGTH = 0;    % autocalculate spoofed length
sim80211nconfig.LENGTH   = 5;       % bytes could be overriden by file
sim80211nconfig.MCS      = 5;       % for legacy use 0->7 
sim80211nconfig.SHORT_GI  = 0;
sim80211nconfig.STBC     = 0;
sim80211nconfig.NUM_EXTEN_SS =0;
sim80211nconfig.SMOOTHING =1;
sim80211nconfig.NOT_SOUNDING =1;
sim80211nconfig.LDPC_CODING =0;
sim80211nconfig.AGGREGATION =0;
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% The mapping of CW and CW_OFFSET from the TXVECTOR definition
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%                        CW              CW_OFFSET         comments
%                        -----           ---------         ---------
%   20Mhz                CW20              N/A             HT and Legacy
%   40Mhz                CW40              CH_OFF_40       including  mcs32
%   40Mhz Duplicate      CW20DN            CH_OFF_40       only legacy
%   40Mhz Upper          CW40              CH_OFF_20U
%   40Mhz Lower          CW40              CH_OFF_20L
%
sim80211nconfig.CW        = 'HT_CW20';  %'HT_CW20','HT_CW40','HT_CW20DN'
sim80211nconfig.CW_OFFSET = 'CH_OFF_40';  %'CH_OFF_40','CH_OFF_20U','CH_OFF_20L'
sim80211nconfig.output_rate = 20;
sim80211nconfig.nTx      = 1;
sim80211nconfig.SERVICE.ScramblerStart  = hex2dec('5d');
sim80211nconfig.SERVICE.bits            = zeros(16,1)  ; % may change reserved to 
                                                         % verify ignores
                                                         % reseverd bits
sim80211nconfig.HT_SIG_RESERVED =1; % It is illegal to set to 0 according to spec
                                    % but can be used in testing to verify
                                    % rx ignores this bit
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Spatial expansion and Beamforming initializations
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
sim80211nconfig.post_q_cdd = zeros(1:sim80211nconfig.nTx); % This is not relevant to Legacy
sim80211nconfig.calib       = 0; % Setting the bit to 1 will for calibration Q
sim80211nconfig.BF_Q_source ='default'; % 'default' 'const+cdd','general'
%sim80211nconfig.FixedQ      =0;         % specify Q for  'const+cdd'
%sim80211nconfig.Q           = zeros(nTx,nSTS,64); % specify Q for 'general'
sim80211nconfig.win          =[]; % window at sample rate.Set to 0.5 to get exact Annex G
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File start.m 
function start(in)
addpath gui
addpath data
if nargin==0
    txn
else
    addpath lab
    addpath lab\11b
    txn_lab
end
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File stbc_expand.m 
% function sym_stbc = stbc_expand(sym,Ndata)
% input: symbol in linear array and Number of data symbols
% output: added new spatial stream in linear array
function sym_stbc = stbc_expand(sym,Ndata)
sym_stbc = reshape(sym,length(sym)/Ndata,Ndata)';  % reshape and conj each line in ofdm sym
sym_stbc = sym_stbc((1+bitxor((1:size(sym_stbc,1))-1,1)),:);% switch line pairs
sym_stbc(1:2:end,:)=-sym_stbc(1:2:end,:);          % sign invert for first lines
sym_stbc = conj(sym_stbc');                        %transpose
sym_stbc = sym_stbc(:);                            %linear again
sym_stbc = conj(sym_stbc');
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File stream_parse.m 
% stream parse function
%
% function bits_per_ss_i = stream_parse(bits,bspc_streams,istream)
%
% Input: bits -  input bit vector
%        bspc_streams - vector of bit per carrier per stream
%        istream - chosen stream 1-nSS
function bits_per_ss_i = stream_parse(bits,bspc_streams,istream)
bspc_streams_axis = max(bspc_streams/2,1);
sum_s = sum(bspc_streams_axis);
sum_to_stream = sum(bspc_streams_axis(1:istream-1));
npbs_i = bspc_streams_axis(istream);
% collect bits for spatial stream istream
bits_per_ss_i = bits(find((mod(0:length(bits)-1,sum_s)>=sum_to_stream) & (mod(0:length(bits)-1,sum_s)<sum_to_stream+npbs_i)));
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File tone_field_scale.m 
% function scale = tone_field_scale(sig_name,islegacy,ismcs32,uses_double_chan)
% returns scale which is 1/sqrt(NTonesFIeld)
% Inputs: sig_name - string containing signal name: 'L-STF  ','L-LTF  ' etc
%         islegacy,ismcs32,uses_double_chan - the other attributes which are
%         needed for scale determinatino
function scale = tone_field_scale(sig_name,islegacy,ismcs32,uses_double_chan)
names =     ['L-STF  ';'L-LTF  ';'L-SIG  ';'HT-SIG ';'HT-STF ';'HT-LTF ';'HT-Data';'HTSIGGF';];
NTonesField=[12 24;    52 104;   52 104;   52 104;    12 24;    56 114;   56 114;   56 114;];
index = strmatch(sig_name,names );
if ((islegacy||ismcs32) && (index==7))
    index = 2;
end
ToneField =  NTonesField(index,1+uses_double_chan);
scale = 1/sqrt(ToneField);
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File tx_n_globals.m 
% tx_n_globals file
% Initializes tables, resets debug struct
function  tx_n_globals()
global Legacy_Info   MCS_Info20   MCS_Info40;
global PHTLTF;
global T_ITX_CS T_ISTS_TS; %table n65
global tx_n_debug;
global num_vec denum_vec;
tx_n_debug=[];
%mcs    puncturing-ind  NBPSC   Lsig Rate Field
Legacy_Info = [ ...
0   0   1   11  ; 
1   2   1   15  ; 
2   0   2   10  ; 
3   2   2   14  ; 
4   0   4   9   ; 
5   2   4   13  ; 
6   1   6   8   ; 
7   2   6   12  ];
%mcs    puncturing-ind  NSS constel1    constel2    constel3    constel4
MCS_Info20 = [ ...
     0     0     1     1     0     0     0;
     1     0     1     2     0     0     0;
     2     2     1     2     0     0     0;
     3     0     1     4     0     0     0;
     4     2     1     4     0     0     0;
     5     1     1     6     0     0     0;
     6     2     1     6     0     0     0;
     7     3     1     6     0     0     0;
     8     0     2     1     1     0     0;
     9     0     2     2     2     0     0;
    10     2     2     2     2     0     0;
    11     0     2     4     4     0     0;
    12     2     2     4     4     0     0;
    13     1     2     6     6     0     0;
    14     2     2     6     6     0     0;
    15     3     2     6     6     0     0;
    16     0     3     1     1     1     0;
    17     0     3     2     2     2     0;
    18     2     3     2     2     2     0;
    19     0     3     4     4     4     0;
    20     2     3     4     4     4     0;
    21     1     3     6     6     6     0;
    22     2     3     6     6     6     0;
    23     3     3     6     6     6     0;
    24     0     4     1     1     1     1;
    25     0     4     2     2     2     2;
    26     2     4     2     2     2     2;
    27     0     4     4     4     4     4;
    28     2     4     4     4     4     4;
    29     1     4     6     6     6     6;
    30     2     4     6     6     6     6;
    31     3     4     6     6     6     6;
    33     0     2     4     2     0     0;
    34     0     2     6     2     0     0;
    35     0     2     6     4     0     0;
    36     2     2     4     2     0     0;
    37     2     2     6     2     0     0;
    38     2     2     6     4     0     0;
    39     0     3     4     2     2     0;
    40     0     3     4     4     2     0;
    41     0     3     6     2     2     0;
    42     0     3     6     4     2     0;
    43     0     3     6     4     4     0;
    44     0     3     6     6     2     0;
    45     0     3     6     6     4     0;
    46     2     3     4     2     2     0;
    47     2     3     4     4     2     0;
    48     2     3     6     2     2     0;
    49     2     3     6     4     2     0;
    50     2     3     6     4     4     0;
    51     2     3     6     6     2     0;
    52     2     3     6     6     4     0;
    53     0     4     4     2     2     2;
    54     0     4     4     4     2     2;
    55     0     4     4     4     4     2;
    56     0     4     6     2     2     2;
    57     0     4     6     4     2     2;
    58     0     4     6     4     4     2;
    59     0     4     6     4     4     4;
    60     0     4     6     6     2     2;
    61     0     4     6     6     4     2;
    62     0     4     6     6     4     4;
    63     0     4     6     6     6     2;
    64     0     4     6     6     6     4;
    65     2     4     4     2     2     2;
    66     2     4     4     4     2     2;
    67     2     4     4     4     4     2;
    68     2     4     6     2     2     2;
    69     2     4     6     4     2     2;
    70     2     4     6     4     4     2;
    71     2     4     6     4     4     4;
    72     2     4     6     6     2     2;
    73     2     4     6     6     4     2;
    74     2     4     6     6     4     4;
    75     2     4     6     6     6     2;
    76     2     4     6     6     6     4;
];
MCS_Info40 = [ ...
     0     0     1     1     0     0     0;
     1     0     1     2     0     0     0;
     2     2     1     2     0     0     0;
     3     0     1     4     0     0     0;
     4     2     1     4     0     0     0;
     5     1     1     6     0     0     0;
     6     2     1     6     0     0     0;
     7     3     1     6     0     0     0;
     8     0     2     1     1     0     0;
     9     0     2     2     2     0     0;
    10     2     2     2     2     0     0;
    11     0     2     4     4     0     0;
    12     2     2     4     4     0     0;
    13     1     2     6     6     0     0;
    14     2     2     6     6     0     0;
    15     3     2     6     6     0     0;
    16     0     3     1     1     1     0;
    17     0     3     2     2     2     0;
    18     2     3     2     2     2     0;
    19     0     3     4     4     4     0;
    20     2     3     4     4     4     0;
    21     1     3     6     6     6     0;
    22     2     3     6     6     6     0;
    23     3     3     6     6     6     0;
    24     0     4     1     1     1     1;
    25     0     4     2     2     2     2;
    26     2     4     2     2     2     2;
    27     0     4     4     4     4     4;
    28     2     4     4     4     4     4;
    29     1     4     6     6     6     6;
    30     2     4     6     6     6     6;
    31     3     4     6     6     6     6;
    32     0     1     1     0     0     0;
    33     0     2     4     2     0     0;
    34     0     2     6     2     0     0;
    35     0     2     6     4     0     0;
    36     2     2     4     2     0     0;
    37     2     2     6     2     0     0;
    38     2     2     6     4     0     0;
    39     0     3     4     2     2     0;
    40     0     3     4     4     2     0;
    41     0     3     6     2     2     0;
    42     0     3     6     4     2     0;
    43     0     3     6     4     4     0;
    44     0     3     6     6     2     0;
    45     0     3     6     6     4     0;
    46     2     3     4     2     2     0;
    47     2     3     4     4     2     0;
    48     2     3     6     2     2     0;
    49     2     3     6     4     2     0;
    50     2     3     6     4     4     0;
    51     2     3     6     6     2     0;
    52     2     3     6     6     4     0;
    53     0     4     4     2     2     2;
    54     0     4     4     4     2     2;
    55     0     4     4     4     4     2;
    56     0     4     6     2     2     2;
    57     0     4     6     4     2     2;
    58     0     4     6     4     4     2;
    59     0     4     6     4     4     4;
    60     0     4     6     6     2     2;
    61     0     4     6     6     4     2;
    62     0     4     6     6     4     4;
    63     0     4     6     6     6     2;
    64     0     4     6     6     6     4;
    65     2     4     4     2     2     2;
    66     2     4     4     4     2     2;
    67     2     4     4     4     4     2;
    68     2     4     6     2     2     2;
    69     2     4     6     4     2     2;
    70     2     4     6     4     4     2;
    71     2     4     6     4     4     4;
    72     2     4     6     6     2     2;
    73     2     4     6     6     4     2;
    74     2     4     6     6     4     4;
    75     2     4     6     6     6     2;
    76     2     4     6     6     6     4;
];
PHTLTF = [ 1 -1  1   1 ;
           1  1 -1   1 ;
           1  1  1  -1 ;
          -1  1  1   1 ;];
% Table n65
 T_ITX_CS     = [  0    0    0    0;
                   0 -200    0    0;
                   0 -100 -200    0;
                   0  -50 -100 -150;];
T_ISTS_TS    = [  0    0    0    0;
                  0 -400    0    0;
                  0 -400 -200    0;
                  0 -400 -200 -600;];
% Code rate numerator and denumerator
num_vec   = [ 1 2 3 5];
denum_vec = [ 2 3 4 6];
global Punct Pilot_Subcarriers_20 Pilot_Subcarriers_40
Punct_1_2 = [1 ] ;
Punct_2_3 = [1 1 1 0 1 1 1 0 1 1 1 0] ;
Punct_3_4 = [1 1 1 0 0 1 1 1 1 0 0 1 1 1 1 0 0 1] ;
Punct_5_6 = [1 1 1 0 0 1 1 0 0 1 ] ;
Punct = cell(4,1);
Punct{1}= Punct_1_2;
Punct{2}= Punct_2_3;
Punct{3}= Punct_3_4;
Punct{4}= Punct_5_6;
Pilot_Subcarriers_20=[-21 -7 7 21];
Pilot_Subcarriers_40=[-53 -25 -11 11 25 53] ;
%%%%%%%%%%%%%%     End of File 
%%%%%%%%%%%%%%%    Start of File write_bits.m 
% function  write_bits (bits)
% writes bits to file grouped to bytes
function  write_bits (bits)
bitgroup = reshape(bits,8,length(bits)/8)'; % resahpe to bytes
bytes = bitgroup*(2.^(0:7)'); 
fid = fopen ('bits.hex','wt');
fprintf(fid,'%02x\n',bytes); % appends all words
fclose(fid);
%%%%%%%%%%%%%%     End of File 
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Abstract


This document contains the interface and matlab code for the command line version for the 802.11n waveform generator. 
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