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>> % ik E = 9600kbps

clear all
global Zi Zq Zs show R Gi Gg
show = 0; SD = 0; % LB RR H) 4RIk

S ERO G ALKERE

BitRate = 9600; ChipRate = 1228800;

N = 184; MFType = 1; % IC AL R 5 R A A5
R = 5;

% Viterbi 4 % % | X

GVit =[111101011;,1011100017];

K = size(G Vit, 2);L = size(G_ Vit, 1);

% Walsh 4B [4& /X, 7%
WLen = 64,

Walsh = reshape([1;0] x ones(1, WLen/2), WLen , 1);
% Walsh = zeros(WLen ,1);

% ¥ IR A PN AL g £ R % | KX

Gi_ind = [15, 13, 9, 8, 7, 5, 0]';

Gg ind = [15, 12, 11, 10, 6, 5, 4, 3, 0]";
Gi = zeros(16, 1);

Gi(16 — Gi ind) = ones(size(Gi_ind));

Zi = [zeros(length(Gi) -1, 1); 1];
$I%AZHE PN A R B 4 R &

Gg = zeros(16, 1);

Gq(16 — Gg_ind) = ones(size(Gg ind));
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" MATLAB R2016a% it 254 R 6l &4 #

Zq = [zeros(length(Gg) -1, 1); 11;
$ QA5 PN A A R B4 RS
S KA R S AKX
Gs ind = [42, 35, 33, 31, 27, 26, 25, 22, 21, 19, 18, 17, 16, 10, 7, 6, 5, 3, 2, 1, 0]';
. Gs = zeros(43, 1);
i Gs(43 — Gs_ind) = ones(size(Gs_ind));
Zs = [zeros(length(Gs) -1, 1); 11;
S KB AR B KRS
% AWGN 43 8
EbEc = 10 * logl0(ChipRate/BitRate);
i EbEcVit = 10 % logl0(L);
E EbNo = [-2 :0.5:6.5]; % 45 A Az bk ie B (dB)
i S I ERF
i ErrorsB = []; ErrorsC = []; NN = [];
! if (SD == 1)
I fprintf('\n SOFT Decision Viterbi Decoder\n\n');
else
E fprintf('\n HARD Decision Viterbi Decoder\n\n');
I end
for i=1:length(EbNo)
E fprintf('\nProcessing % 1.1f (dB)', EbNo(i));
iter = 0;ErrB = 0; ErrC = 0;
while (ErrB < 300) & (iter <150)
drawnow;
% A ER
1 TxData = (randn(N, 1)>0);
E % ik F 4 19. 2kcps
! [TxChips, Scrambler] = PacketBuilder(TxData, G _Vit, Gs);
% ik % 4 1.2288Mcps
E [x PNMF] = Modulator(TxChips, MFType, Walsh);
| % 5 ILAE 1 K A
noise = 1/sqrt(2) % sqrt(R/2) * ( randn(size(x)) + jx randn(size(x))) % ...
! 10~ ( - (EbNo(i) — EbEc)/20);
! r = x+ noise;

% 52 HL AR AL A

E RxSD = Demodulator(r, PN, MF, Walsh); % # b3, ik & % 19.2kcps
' RxHD = (RxSD>0); S E YR TP
if (SD)

! [RxData Metric] = ReceiverSD(RxSD, G Vit, Scrambler); % ) Bk
! else

[RxData Metric] = ReceiverHD(RxHD, G Vit, Scrambler); % B )k
end
I if (show)

subplot(311); plot(RxSD, '—o0'); title('Soft Decisions');
subplot(312); plot(xor(TxChips, RxHD), '—o'); title('Chip Errors');
' subplot(313); plot(xor(TxData, RxData), '—o');

title([ 'Data Bit Errors. Metric = ', num2str(Metric)]);
end
! if (mod(iter, 50) ==0)

fprintf('."');
save TempResults ErrB ErrC N iter
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end

ErrB = ErrB + sum(xor(RxData, TxData));

ErrC
iter = iter+ 1;
end
ErrorsB = [ErrorsB; ErrB];
ErrorsC = [ErrorsC; ErrC];
NN = [NN; Nx iter];
save SimData x*
end
% F IR A FE I

ErrC + sum(xor(RxHD, TxChips));

PerrB = ErrorsB./NN; PerrC = ErrorsC./NN;

Pbpsk = 1/2 % erfc(sqrt(10.” (EbNo/10)));

PcVit = 1/2 % erfc(sqrt(10.” ((EbNo — EbEcVit)/10)));
Pc = 1/2 % erfc(sqrt(10.” ((EbNo — EbEc)/10)));

S EIERAT LB TR
figure;

semilogy(EbNo(1:length(PerrB)), PerrB, 'b— % '); hold on;

xlabel('45"& 1 /dB");
ylabel (' & "),
grid on;
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function [ChipsOut, Scrambler] = PacketBuilder(DataBits, G, Gs);
SHBBAT A IS-5 4R EZFANLELIEE

% DataBits % & % #3E ( =34 B X))
%G h Viterbi % a4 & & % R X,
SCs AKAFINARSZAXN(KBER S AXN)

% ChipsOut 4 #ir A B0 8 ) 25 69 2 7 71 (=3t 4 % X))

% Scrambler # % 5
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global Zs

K = size(G, 2); L = size(G, 1);

N = 64 % L * (length(DataBits) +K—1);

chips = VitEnc(G, [DataBits; zeros(K-1,1)]);
% 5 IL AR Yy A

INTERL = reshape(chips, 24, 16);

chips = reshape(INTERL', length(chips), 1);
% A

[LongSeq Zs] = PNGen(Gs, Zs, N);

Scrambler = LongSeq(l:64:end);

ChipsOut = xor(chips, Scrambler);

function y = VitEnc(G, x);

B HARIE R B R X AT Viterbi % #%
GHh AR SR 4%

%X NS (=B X)

%y A Viterbi % #4557

K = size(G, 1); L = length(x);

yy = conv2(G, x'); yy = yy(:, 1:L);

y = reshape(yy,K*L, 1); v = mod(y, 2);
function [y, Z] = PNGen(G, Zin, N);
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L = length(G); Z = Zin;
y = zeros(N, 1);
for i=1:N
y(i) = Z(L);
Z = xor(Gx Z(L), Z);
Z = [Z(L); Z(1:L-1)1;
end

% # B 4 (9.6kbps —> 1.288 Mbps)
% Viterbi % #4

IN: %, OUT: 47
i & =19, 2kbps

o of

SR FOCTARB AR L AKX FMARES A RKEA NS T

& BALF BB AL

function [TxOut, PN, MF] = Modulator(chips, MFType, Walsh);

S b R A T I IS — 95 AT 645 B F 4 69 L5 R 4
% chips H & % 89 41 46 B ¥

% MFType % s AL JE I 35 0 K A ik &

% Walsh 4 walsh &%

% TxOut %y 8 4 #r & 13 5 5 7

% PN 4 A T 4 $3R 4 69 PN 2 5 5

% MF 2 IE Bk ok 3 A4k

global Zi Zq show R Gi Ggq

N = length(chips) * length(Walsh);

S HrNF = 19.2kbps, #rihik & = 1.2288ncps
tmp = sign(Walsh—1/2) x sign(chips' —1/2);
chips = reshape(tmp, prod(size(tmp)), 1);
[PNi zi] = PNGen(Gi, Zi, N);

[PNg Zq] = PNGen(Gqg, Zq, N);

PN = sign(PNi—1/2) + jx sign(PNg—1/2);
chips_out = chips. * PN;

chips = [chips out, zeros(N, R—-1)];



chips = reshape(chips.', NxR, 1); =3
% AR K B i
switch (MFType) &
case 1 f::;
% A iR Rk B %
L = 25; L2 = floor(L/2); e
n=[-L2:L2];B=0.7 E?_I:
MF = sinc(n/R). % (cos(pi* B%n/R)./(1— (2% B%n/R)."2)); i
MF = MF/sqrt(sum(MF.”2)); i
case 2 :

% 4B R K 5B

L = R; L2 = floor(L/2);

MF = ones(L, 1);

MF = MF/sqrt(sum(MF."2));
case 3 '

%S XAk kB

L = R; L_2 = floor(L/2);

MF = hamming(L); '
MF = MF/sqrt(sum(MF."2)); '
end '
MF = MF(:); '

TxOut = sqrt(R) * conv(MF, chips)/sqrt(2);
TxOut = TxOut(L 2+ 1: end — L 2); '
if (show) '

figure; I

subplot(211); plot(MF, '—-0'); title('Matched Filter'); grid on;

subplot(212); psd(TxOut, 1024, le3, 113); title('Spectrum'); '
end I
function [SD] = Demodulator(RxIn, PN, MF, Walsh); '
% b HOT L ILIA T RAKE BpLAg IS — 95 W] @15 48 %4 & 40 09 S 38 & 04 R |
% RxIn % Hr A5 5 |
SPN % PN A 55 (A T /4) |
% MF S IE e i ok B A 2 E
% Walsh # A F #2849 walsh % '
% SD 24 RAKE B #L#G 2k F) i 4 !
global R '
N = length(RxIn)/R; L = length(MF); !
L 2 = floor(L/2); rr = conv(flipud(conj(MF)), RxIn); '
rr = rr(L 2+1: end — L 2); '
Rx = sign(real(rr(1l:R:end))) + j* sign(imag(rr(1l:R:end))); !
Rx = reshape(Rx, 64, N/64); !
Walsh = ones(N/64, 1) x sign(Walsh' —1/2);
PN = reshape(PN, 64, N/64)'; PN = PN. » Walsh; !
%S HrNik % = 1.2288 Mpbs, #rihik & =19. 2kbps !
SD= PN« Rx; SD= real(diag(SD));
function [DataOut, Metric] = ReceiverSD(SDchips, G, Scrambler); !
% b F 3 T LI T Viterbi % 69 K % B I 4G M A -
% SDchips # # ] & RAKE 45 AUS A 5 E
%G % Viterbi % &% & %, % 1 X 46 I '
% Scrambler 4 3% 7 5 5] !
% DataOut % 4 M 448 (= i 15 X) |
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% Metric 4 Viterbi # & 12 &
if (nargin == 1)
6=10111101011;1011100011];
end
% ig & = 19. 2kbps
SDchips = SDchips. % sign(1/2 — Scrambler);
INTERL = reshape(SDchips, 16, 24);
. SDchips = reshape(INTERL', length(SDchips), 1);% ik % = 19. 2kbps
E [DataOut Metric] = SoftVitDec(G, SDchips, 1);
function [xx, BestMetric] = SoftVitDec(G, y, ZeroTail);
| % bk AR F ILBRP) et N0 Viterbi i AL
| %G A AR AKX LR
i Sy AN 6 A5 E R 5
| % ZeroT A ¥ B2 HF A 0R
E % xx 4 Viterbi i & #r b 5 7))
! % BestMetric ARG M REE &

i L = size(G, 1); S e A A
| = size(G, 2); S AR SEAX G KE
' N =2"(K-1); S KREHK

T = length(y)/L; % K MHAS IR
E OutMtrx = zeros(N, 2 xL);
fors = 1:N
5 in0 = ones(L, 1) % [0, (dec2bin((s—-1), (K-1))-'0")];
E inl = ones(L, 1) % [1, (dec2bin((s—1), (K—=1))—-"'0")1;
I out0 = mod(sum((G. * in0)'), 2);

outl = mod(sum((G. % inl)'), 2);

E OutMtrx(s, :) = [out0O, outl];
! end

OutMtrx = sign(OutMtrx— 1/2);
PathMet = [100; zeros((N-1), 1)]; SR E = 100

PathMetTemp = PathMet(:,1);

Trellis = zeros(N, T); Trellis(:,1) = [0 : (N-1)]';
E y = reshape(y, L, length(y)/L);
! fort = 1:T
| vy = y(:, t);
] fors = 0:N/2-1
! [BO ind0] = max( PathMet(l1+ [2x%s, 2% s+1]) + [OutMtrx(1+2xs, 0+ [1:L])...
i * yy; OutMtrx(1+ (2% s+1), 0+ [1:L]) xyy] );
E [Bl indl] = max( PathMet(l1+[2%s, 2% s+1]) + [OutMtrx(l+2%s, L+ [1:L])...
! * yy; OutMtrx(1l+ (2% s+1), L+ [1:L]) * yy] );
' PathMetTemp(1 + [s, s+ N/2]) = [BO; B1];
E Trellis(1+[s, s+N/2], t+1) = [2%s+ (ind0—1); 2% s + (indl-1)];
! end

PathMet = PathMetTemp;
end
! xx = zeros(T, 1);
! if (ZeroTail)
BestInd = 1;
! else
[Mycop, BestInd] = max(PathMet);

end
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BestMetric = PathMet(BestInd);

xx(T) = floor((BestInd—-1)/(N/2));
NextState = Trellis(BestInd, (T+1));
fort=T:-1:2

xx(t—1) = floor(NextState/(N/2));
NextState = Trellis( (NextState+ 1), t);

end
if (ZeroTail)
xx = xx(l:end—K+1);

end

function [DataOut, Metric] = ReceiverHD(HDchips, G, Scrambler);

SDchips # A% $) # RAKE 4 ¥ AU N AF 5
G 34 Viterbi % A5 % & % T X 46 %
Scrambler % ik 5 %)

% DataOut A Bl £ 9 (=3 4 B X))

% Metric % Viterbi i % 18 & &

if (nargin == 1)

%
%
%
%

G=1[111101011;1011100011];

end

% 1% & = 19. 2kbps

HDchips = xor(HDchips, Scrambler);
INTERL = reshape(HDchips, 16, 24);

HDchips = reshape(INTERL', length(HDchips), 1);

[DataOut Metric] = VitDec(G, HDchips, 1);

SR HOR T IR T Viterbi 3 A5 #9 A8 H) e B AL

function [xx, BestMetric] = VitDec(G, y, ZeroTail);

% M AT 5 ILAR B B Hy N 69 Viterbi 55

SCAHERSZAX 4R

%y AN 8 £ A 5

SZer AFM AT 04 0 R

% xx A Viterbi & 4k 5 %)
% BestMetric A % G 0¥ %12 B2
L = size(G, 1);

K= size(G, 2);

N = 20(K-1);

T = length(y)/L;

OutMtrx = zeros(N, 2 x* L);

fors = 1:N
in0 = ones(L, 1) * [0, (dec2bin((s—-1), (K-1
inl = ones(L, 1) % [1, (dec2bin((s—-1), (K
out0 = mod(sum((G. % in0)'), 2);
outl = mod(sum((G. * inl)'), 2);
OutMtrx(s, :) = [out0O, outl];

end

PathMet = [0; 100 * ones((N—-1), 1)];
PathMetTemp = PathMet(:,1);
Trellis = zeros(N, T);
Trellis(:,1) = [0 : (N—-1)]"';
y = reshape(y, L, length(y)/L);
fort = 1:T

yy = v(:, £)';

% i oAb B 4
SRS RAXKE
R A

% R R AMAE IR
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fors = 0:N/2-1
[BO ind0] = min( PathMet(1+[2%s, 2% s+1]) + [sum(abs(OutMtrx(1+2=x%s, 0+ [1:L])...
- yy)."2); sum(abs(OutMtrx(1l+ (2xs+1), 0+ [1:L]) — vy)."2)]);
[Bl indl1] = min( PathMet(1+[2%s, 2% s+1]) + [sum(abs(OutMtrx(1+2=x*s,...
L+ [1:L]) - yy)."2); sum(abs(OutMtrx(1l+ (2% s+1), L+[1:L]) — yy)."2)]);
PathMetTemp(1 + [s, s+ N/2]) = [BO; Bl];
Trellis(1+[s, s+ N/2], t+1) = [2%s+ (ind0—1); 2% s + (indl—-1)];
end
PathMet = PathMetTemp;
end
xx = zeros(T, 1);
if (ZeroTail)
BestInd = 1;
else
[Mycop, BestInd] = min(PathMet);
end
BestMetric = PathMet(BestInd);
xx(T) = floor((BestInd—-1)/(N/2));
NextState = Trellis(BestInd, (T+1));
fort=T:-1:2
xx(t—1) = floor(NextState/(N/2));
NextState = Trellis( (NextState+ 1), t);
end
if (ZeroTail)
xx = xx(l:end—K+1);
end
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