
Notes: In the following source codes, they are comments between 2 signs “%” , “%....... %”,

1. Main function 

clear all;

time1=cputime;

L=10;           % the length of transmitted symbols vector for from every user%

K=3;            % the number of the active users%

N=32;           % the length of spreading sequence NOTE: N >= K, each user has a unique PN code with that of other users!%

MS_v=20*0.27;   % the MS speed, km/hour%

Q=4;            % Upsampling factor of PN sequence for Pulse shaping filter%

num_antenna=3;  % the Number of antenna elements in the Receiver%

d_lamda=1*0.5;  % The normalized distance between the ULA antenna elements %

%------user signature waveform generation by zero-padded and pulse shape filtered spraeding and scrambling sequence%

H=user_signature_waveform(N,K,L,Q);   %  

%---Desired SNR value in decibels -----%

snr_db=0:2:80;  snr=10.^(snr_db/10); 

Num_loop=100; 

ratio_SA(1,1:length(snr))=1;    ratio_SA_RAKE(1,1:length(snr))=1; 

ratio(1,1:length(snr))=1;         ratio_DD(1,1:length(snr))=1;   ratio_MMSE(1,1:length(snr))=1;

ratio_RAKE(1,1:length(snr))=1;    ratio_RAKE_DD(1,1:length(snr))=1;  ratio_RAKE_MMSE(1,1:length(snr))=1;

%      Loop according to Monte Carlo  %

for loop=1:Num_loop

    loop

    time_loop1=cputime % test the time 

    clear sym data channel_MS M max_delay location_MS C S S_temp C_r ref_antenna C_MUD rake_C  rake_S  rake_S_t  rake_C_r  rake_ref_antenna rake_C_MUD;

    clear x_received  sigma pre_noise x_received_rake sigma_rake pre_noise_rake ;

    clear weight rake_weight r_received S_temp_r  S_r   matrix_received;

    clear r_received_rake  matrix_received_rake rake_S_temp   rake_S_r  ;

    clear YY_SA  YY   YY_SA_RAKE    YY_RAKE;

    clear R_DD    R_rake_DD  R_MMSE R_rake_MMSE;

    %  Generate symbols transmitted       %

    rand('state',sum(100*clock));  sym=randint(L,K);% the data in every column is from one users (MS)%

    sym=sym*2-1; 

    for i=1:L

        for k=1:K

            data((i-1)*K+k)=sym(i,k);%%% for data converting to a vector %

        end

    end

    %   Radio Channel Parameter Processing  %

    rand('state',sum(100*clock)); % location_MS=randint(1,K,[1,Num_P-L]);%

    [channel_MS,M,max_delay,location_MS ]=channel_data_process(L,K,MS_v,N,Q);

    %    channel_MS:   a cell array , the size is 1 X K*L, %

    %                {1, k+1} ......  {1, k+L}; k=1,....K %

    %  in each cell:   Column 1    Column 2         Column 3                              Column 4      Column 5              Column 6  %

    %           row:   TxID        Excess Delay     Complex Channel Impulse Response        DOA(rad)     Magnitude (dB/dBm)    Phase(degree) %

    %    Matrix C S for conventional matched filter receiver %

    [C,S,S_temp,C_r,ref_antenna,C_MUD]= single_path_S_C_antenna(L,K,N,Q,H,channel_MS,num_antenna,d_lamda,data);

    %  S   C  matrix  for  Rake     %  

    [rake_C, rake_S,  rake_S_t, rake_C_r, rake_ref_antenna,rake_C_MUD]= multipath_S_C_antenna(L,K,N,Q,H,channel_MS,M,max_delay,num_antenna,d_lamda,data);   

    %-- Construct the composite  signal and AWGN for single path signal %

    [x_received,sigma,pre_noise]= composite_signal(S,C,data,snr);

    %----------Construct the composite signal and AWGN with multipath signal %

    [x_received_rake,sigma_rake,pre_noise_rake]= composite_signal(rake_S,rake_C,data,snr);

    %- adding AWGN=>> spatial processing =>> RAKE =>> MUD % 

    for n=1:length(snr)       

        clear weight rake_weight r_received S_temp_r  S_r   matrix_received;

        clear r_received_rake  matrix_received_rake rake_S_temp   rake_S_r  ;

        clear YY_SA   YY         YY_SA_RAKE   YY_RAKE;

        clear R_DD    R_rake_DD  R_MMSE       R_rake_MMSE;

        %----  received signal for single path     ------%

        r_received=x_received+sigma(n)*pre_noise; % adding the AWGN noise %

        %------start to spatial processing -----%

        if num_antenna >1

            clear row col;

            [row, col]=size(r_received);

            clear matrix_received;

            length_vector=row/num_antenna;

            for i=1:num_antenna

                matrix_received(i,:)=r_received((i-1)*length_vector+1:i*length_vector)';

                % matrix_received is for using function spatial processing directly %                

            end

            for k=1:K

                clear temp_weight;                              

                temp_weight=spatial(matrix_received,ref_antenna(:,k)',num_antenna);

                weight(:,:,k)=temp_weight';                

                %weight is 3 dimensions array, each row of each array is the weights in all antenna elements for one chip %

            end

            clear temp_weight  ;

            S_r=[];

            for m=1:num_antenna

                for k=1:K    

                    for i=1:L        

                        S_temp_r(:,(i-1)*K+k,m)=full(S_temp(:,(i-1)*K+k)).*weight(:,m,k);

                    end

                end

                S_r=sparse(blkdiag(S_r,S_temp_r(:,:,m)));

            end        

            clear S_temp_r;

            %--- the output of conventional matched filter with Spatial processing %

            YY_SA=C_r'*S_r'*r_received/N;

        else             

            YY_SA=C'*S'*r_received/N;

        end

        out_SA=sign(real(YY_SA))';

        [num,ratio_SA(loop,n)]=symerr(data,out_SA);      clear out_SA num;            

        %- output of the conventional matched filter --   %

        if num_antenna >1

            YY=C_MUD'*S_temp'*matrix_received(1,:)'/N;

        else 

            YY=C_MUD'*S_temp'*r_received/N;      

        end

        out=sign(real(YY))';

        [num,ratio(loop,n)]=symerr(data,out);      clear out num;            

        %-2-DRAKE, to reconstruct the multipath component --%

        r_received_rake=x_received_rake+sigma_rake(n)*pre_noise_rake; % adding the AWGN noise %           

        %  Spatial processing     %

        if num_antenna >1

            clear row col;

            [row, col]=size(r_received_rake);

            clear matrix_received_rake    length_vector;

            length_vector=row/num_antenna;

            for i=1:num_antenna

                matrix_received_rake(i,:)=r_received_rake((i-1)*length_vector+1:i*length_vector)';                

            end            

            for k=1:K       

                for p=1:M   

                    clear temp_weight;      

                    temp_weight=spatial(matrix_received_rake,rake_ref_antenna(:,p,k)', num_antenna);

                    rake_weight(:,:,p,k)=temp_weight';                

                    %weight is 4 dimensions array, each row of each array is the weights in all antenna elements for one chip!%

                end

            end

            clear temp_weight;  

            % temporal processing 

            % Resconstruct S and C matrix in receiver ---

            clear rake_S_temp;  rake_S_r=[];

            for m=1:num_antenna              

                for k=1:K                     

                    for p=1:M                 

                        for i=1:L            

                            rake_S_temp(:,(i-1)*K*M+(k-1)*M+p,m)= full(rake_S_t(:,(i-1)*K*M+(k-1)*M+p)).*rake_weight(:,m,p,k);

                        end

                    end

                end

                rake_S_r=sparse(blkdiag(rake_S_r,rake_S_temp(:,:,m)));

            end

            clear rake_S_temp;

            %---- the output of 2-D RAKE %

            [YY_SA_RAKE, ratio_SA_RAKE]=RAKE(loop,n, rake_C_r,rake_S_r,r_received_rake,N,ratio_SA_RAKE, data);            

        else     

            [YY_SA_RAKE, ratio_SA_RAKE]=RAKE(loop,n, rake_C,rake_S,r_received_rake,N,ratio_SA_RAKE, data);            

        end

        %-------the output of 1-D RAKE output---%

        if num_antenna >1

            [YY_RAKE, ratio_RAKE]=RAKE(loop,n, rake_C_MUD,rake_S_t,matrix_received_rake(1,:)',N,ratio_RAKE, data);            

        else 

            [YY_RAKE, ratio_RAKE]=RAKE(loop,n, rake_C_MUD,rake_S_t,r_received_rake,N,ratio_RAKE, data);            

        end

        %---Multiuser Detection of 1-D RAKE with DD or LMMSE ----%

        R_DD=C_MUD'*S_temp'*S_temp*C_MUD;                   % the correlation matrix  %

        R_rake_DD=rake_C_MUD'*rake_S_t'*rake_S_t*rake_C_MUD;        

        R_MMSE= R_DD+ sigma(n)^2*sparse(eye(length(R_DD)));                 

        R_rake_MMSE=R_rake_DD+sigma_rake(n)^2*sparse(eye(length(R_rake_DD)));                

        % DD ---%

        ratio_DD      =MUD(loop, n, R_DD,     YY,     data,ratio_DD);

        ratio_RAKE_DD =MUD(loop, n, R_rake_DD,  YY_RAKE,  data,ratio_RAKE_DD);

        % --- MMSE ----%

        ratio_MMSE     =MUD(loop, n, R_MMSE,      YY,     data,ratio_MMSE);

        ratio_RAKE_MMSE=MUD(loop, n, R_rake_MMSE, YY_RAKE,data,ratio_RAKE_MMSE);        

%    --- Adaptive MUD:RLS    

        for i=1:L

            for k=1:K

                YY_m(k,i)=YY((i-1)*K+k); % matrix,the data in each row for each user %

                YY_SA_m(k,i)=YY_SA((i-1)*K+k); % matrix,the data in each row for each user %

                YY_RAKE_m(k,i)=YY_RAKE((i-1)*K+k); % matrix,the data in each row for each user %

                YY_SA_RAKE_m(k,i)=YY_SA_RAKE((i-1)*K+k); % matrix,the data in each row for each user %                

            end

        end

        ref_sym=sym'; % the reference signal for MUD adaptive algorithms

       clear YY YY_RAKE YY_SA YY_SA_RAKE;

       for k=1:K   

            YY(:,:,k)=YY_m;

            YY(1,:,k)=YY_m(k,:);

            YY(k,:,k)=YY_m(1,:);

            YY_RAKE(:,:,k)=YY_RAKE_m;

            YY_RAKE(1,:,k)=YY_RAKE_m(k,:);

            YY_RAKE(k,:,k)=YY_RAKE_m(1,:);    

            YY_SA(:,:,k)=YY_SA_m;

            YY_SA(1,:,k)=YY_SA_m(k,:);

            YY_SA(k,:,k)=YY_SA_m(1,:);    

            YY_SA_RAKE(:,:,k)=YY_SA_RAKE_m;

            YY_SA_RAKE(1,:,k)=YY_SA_RAKE_m(k,:);

            YY_SA_RAKE(k,:,k)=YY_SA_RAKE_m(1,:);        

        end

        clear YY_m YY_RAKE_m YY_SA_m YY_SA_RAKE_m;

        for k=1:K    

            out(k,:)        =MUD_RLS(YY(:,:,k),        ref_sym(k,:),K,L);

            out_RAKE(k,:)   =MUD_RLS(YY_RAKE(:,:,k),   ref_sym(k,:),K,L); 

            out_SA(k,:)     =MUD_RLS(YY_SA(:,:,k),     ref_sym(k,:),K,L);

            out_SA_RAKE(k,:)=MUD_RLS(YY_SA_RAKE(:,:,k),ref_sym(k,:),K,L);

        end

        [num, ratio_ada_RLS(loop,n)]         =symerr(sign(real(out)),     ref_sym); clear num;

        [num, ratio_RAKE_ada_RLS(loop,n)]    =symerr(sign(real(out_RAKE)),    ref_sym); clear num;

        [num, ratio_SA_ada_RLS(loop,n)]      =symerr(sign(real(out_SA)),      ref_sym); clear num;

        [num, ratio_SA_RAKE_ada_RLS(loop,n)] =symerr(sign(real(out_SA_RAKE)), ref_sym); clear num;

        clear out out_RAKE out_SA out_SA_RAKE;

    end

end 

time_consume=cputime-time1;

BER     =mean(ratio);                  BER_RAKE     =mean(ratio_RAKE);           

BER_SA  =mean(ratio_SA);               BER_SA_RAKE  =mean(ratio_SA_RAKE);

BER_DD  =mean(ratio_DD);               BER_RAKE_DD  =mean(ratio_RAKE_DD);     

BER_MMSE=mean(ratio_MMSE);             BER_RAKE_MMSE=mean(ratio_RAKE_MMSE); 

BER_ada_RLS   =mean(ratio_ada_RLS);    BER_RAKE_ada_RLS   =mean(ratio_RAKE_ada_RLS);   

BER_SA_ada_RLS=mean(ratio_SA_ada_RLS); BER_SA_RAKE_ada_RLS=mean(ratio_SA_RAKE_ada_RLS);
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