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ABSTRACT  

This thesis deals with 4G communication system WiMAX and his model of physical 

layer in MATLAB in uplink direction. In individual parts of this thesis we will have 

closer look on WiMAX, multiple access scheme OFDMA and OFDM modulation. 

Further, the physical layer signal processing and as last the model of physical layer in 

MATLAB. Result of this thesis should be model of physical layer , which will be 

together  with model of radio environment used to calculate graphs of BER depending 

on S/N ratio. The model should show how is BER affected by different parts of model 

such as used modulation, code rate of FEC code and used type of interleaving. 
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WiMAX je   na standardu IEEE 

802.16. M Zkratka 

 Worldwide Interoperability for Microwave Access. Technologie 

WiMAX  

  

 

 IEEE 802.11 Wi-Fi, 

 (Metropolitan area network), 

. 

 

 

ost chybovosti  (SNR) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

2 

1 WIMAX 

  

 ch  

oblastech a v , 

. 

he last mile connectivity  

sti pro 

 

standardu IEEE

  roce 2001, tento standard 

  

  projektu. Ta  sladit normy s 

  ETSI HiperMAN standardem. Projekt  v roce 2004 a standard 

byl  802.16d,  ko 802.16-2004 s ohledem na 

  tohoto standardu byly 802.16 dokumenty, 

- a, b, a c  

(802.16-2005). 

1.1 Standardy  

standardem 802.16  2004, [1]. 

 

Tabulka 1:    

 

Standardy 
802.16-

2001 
802.16 a 

802.16 - 2004, 

16d 
802.16 e 

 

10 - 66 

GHz, 

NLOS 

2 - 11 GHz, 

NLOS  , 10 - 66 

GHz, LOS 

2 - 11 GHz, 

NLOS  , 10 - 66 

GHz, LOS 

2 - 11 GHz, 

NLOS 

 SC 
Sca, OFDM, 

OFDMA 

SC, Sca, 

OFDM, 

OFDMA 

Sca, OFDM, 

OFDMA 

Duplex TDD, FDD TDD, FDD TDD, FDD TDD, FDD 

Mobilita     

 
Duben 

2002 
Duben 2003   
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1.2  

 komunikace v 

vrstev, obsahuje WiMAX pouze  

 

1.1:   

1.1  MAC 

 

Service-Specific Convergence Sublayer (CS), druhou podvrstvou je The Common Part 

Sublayer (CPS), a posle  Security Sublayer (nebo Privacy Sublayer). 

1.2.1 Service-Specific Convergence Sublayer 

klasifikaci 

 

1.2.2 MAC Common Part Sublayer 

Tato podvrstva 

perace jako  

. Vzhledem k 

us
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1.2.3 Security Sublayer 

 

i a  

 

 MS do BS. 

 

1.2.4  

, kterou se budeme  

 vrstva standardu 802.16 bude 

roze  v  

 

1.3  

 802.16  nedefinuje architekturu  

definovat .To bylo  

skupiny WiMAX  

architektury[16]. 

 

 

 

 

Tabulka 2 ato z [4]. 

 Zkratka Funkce 

 MS  

 
ASN 

ASN bran 

 
CSN 
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1.2:  Ar A  

 ob a  

Tyto objekty  

 Subscriber Station/Mobile Station (SS)  

 je 

 CPE  

notebook. 

 Basic Stations  stanice 

  , pokud jde o 

Mikro-Mobility Management funkce, jako je  a   

  , QoS , klasifikace provozu, DHCP (Dynamic 

Host Control Protocol) proxy, , Session Management a Multicast 

Group Management. 

  (ASN-GW)  Poskytuje funkce jako jsou 

  

 (Authentication, Authorization, 

Accounting server),  s BS, QoS, funkci 

FA pro  

 Home Agent  Home Agent   bod pro ,   

roaming a funkce QoS. Home Agent  s FA, jako je ASN 

Gateway,   

 AAA  Tak jako v 

autentizace, autorizace a , ty jsou zahrnuty do 

. 
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2 ORTHOGONAL FREQUENCY DIVISION 

MULTIPLE ACCESS 

 

v  

2.1 OFDM 

Orthogonal Frequency Division Multiplex 

 (Wi-Fi 

- ) 

 

OFDM je dat za  

DFT k cestou 

  - ortogonalita. 

 S

S  

K  

 t  nich 

tedy S/K. Po -

K 

a skrz -  . Blok K 

jeden -

  S

S. 

 

2.1:   



 

 

7 

 

2.2 je zobrazeno . Na 

 .  

 

2.2:   

 

 . V  

, tj. k k  

. V  

  

 

 

interferenci. To  

vlnami. ,  

jednoho OFDM symbolu.  

 n

 

2.2  

V  

 pokrokem 

 

 

 

P y  ta   

 Schopnost pracovat s  

  

 Handover  
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2.2.1 Frequency Division Multiple Access 

 z technik p

   (tzv. handover)

frekvenci v 

 

 

 

2.2.2 Time Division Multiple Access 

Tato technika vznikla s  

 , shluky dat (tzv. bursty). V tomto 

 

  

Ta a y GSM nebo UMTS. 

 

 

 

2.3 Orthogonal Frequency Division Multiple Access 

 

V  

 

2.3:   

2.4:   
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2.5:   

 

V  jednom timeslotu, v OFDMA 

  . 

 

2.6:  ] 

 

 OFDMA se 

-
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2.7  

  

   

  

 (CP). C  je 

komp , z  

v  [14]. 

 

 

2.8  

2.4 SOFDMA 

Scalable Orthogonal Frequency Division Multiple Access je verze OFDMA 

 

 je pevn  nastavena ost 

kHz. To  y  

20 MHz. 
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Tabulka 3 Parametry SOFDMA 

PARAMETRY HODNOTY 

 1,25 5 10 20 

 1,4 5,6 11,2 22,4 

Velikost FFT 128 512 1024 2048 

 2 8 16 32 

 10,94 kHz 

  

  

  

A   48 

2.5  

2.9 je   

 

2.9  

  model  v 

MATLAB, viz. kapitola 4. 
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3 MU WIMAX 

3.1   

Fyzick  vrstvy je 

 

-  

 

 WirelessMAN-SC PHY 

 WirelessMAN-SCa PHY 

 WirelessMAN-OFDM PHY  

 WirelessMAN-OFDMA PHY 

 Wireless HUMAN 

   Duplex 

WirelessMAN-SC  10 - 66 GHz   TDD,FDD 

WirelessMAN-Sca  AAS,ARQ,STC TDD,FDD 

WirelessMAN-OFDM  AAS,ARQ,Mesh,STC TDD,FDD 

WirelessMAN-OFDMA  AAS,ARQ,STC TDD,FDD 

WirelessHUMAN  AAS,ARQ,Mesh,STC TDD 

 

em kterou se budem

 

 

 

3.1  

3.2 Randomizace 

daty, jak v uplinku, tak i v downlinku. 

 tj. v 

. P , bude  na konec 

 nul (pouze jednou) tak, 

prostoru pro data prostor 

Tabulka 4  
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 , kde NS  

 

 

3.2  

 , bloku R

(MSB bit jako ). P

 

 s 

 

Randomizer  s vektorem vinit = [011011100010101]. 

3.3  

 pom

) 

tyto metody zkombinovat - tzv. H ARQ). 

vrstvou, kterou standard 802.16 neobsahuje (viz kapitola 1.2). 

V   

 k  

3.3.1   

Reed-  jsou jedny z 

  

 

  

jako u, se  k  

K dispozici je celkem 2
k
 

-tice v, kde n > k. Tahle -tice v je o

u. 
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3.3  

 esistuje 2
k
 esistuje 2

k
 

Tento soubor 2
k
 

2
k
  

2
k
 Ve 

 -li mod

 

 

3.3.2   

 (n,k,m), kde n 

i k je p m  

k/n n 

a k v m  

n, k, L), kd [7] 

jako: 

   (1) 
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3.4  

 . 

3.3.3   

  
-5

 

s o Eb/N0 = 0,7 dB. 

 

 (interleaver). 

 

3.5  
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3.4   

  m 

 . S

. 

 

chyba, 

   

3.4.1    

 

 

dat. 

3.4.2   

 

v postup, tj. 

 

3.4.3   

Zde se 

v  

3.5 Repetition ( ) 

-  R  j

-

 . 

 rozsahu [min, max] pro downlink, viz [1]: 

 , 

kde K 

e aplikuje pouze pro QPSK 

modulaci. 
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3.6   

 nelze realizovat  k jeho 

 v 

namodulovat na  nosnou vlnu . Techniku 

lze 

 jejich 

 

 

 

Ty je poto   

. V 

mi 16-QAM a 64-

QAM. 

3.6.1 Modulace BPSK 

 posuvem, kde 

 

 [2]: 

 

 

 

kde  b 

b 

 m(t)

  [2] : 

  

 

 

v n  
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3.6.2 QPSK 

Quadrature Phase Shift Keying 

 

stavy

 nich 

varianta, kde  

 

3.6  

Z v 

symbol, pouze k  

  [2]: 

 

kde Es s = 2Tb je 

b. 

3.6.3  M-QAM  

amplituda, tak   , 

 

stavy, tedy v 

funkce 16-QAM viz ek. 
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3.7 -  

U M- -

 M = 2
n
 ny 

1(t) , s2 n(t), symbolovou 

periodu TS  [2] : 

  

 

 

kde ai a bi 

min  

amplitudou. 

-  

z 

  

u modulace 16-

stejnou energii a v  

s  

MQAM

 [2]: 

 

 

-t i  a bi  , kde (ai,bi) je prvek 

 [2] : 
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(12) 

 

 

L = -QAM  modulacemi M-

- -  

-

 [2]: 

 

-

  

3.6.4  DFT a FFT 

Jsou zkratky  Fourierovy tra Fourierovy transformace. 

  

operace IDFT  - IFFT, pokud 

 n = 2
x
     

V FFT 

 

Fo

 je {s(n)}, obraz je {S(k)}

 

 

 

 

Z N  

Fourierovu transformaci : 

 

 

 (vztahu 12), kter

. 
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3.8   

 

 

3.9 Algoritmus FFT typu DIT pro N = 4 

 

 

 

 

N 
10

. 

Z 

FFT  128, 512, 1024, 2048. Velikost FFT 
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3.6.4 Raised Cosine Filtr 

V 

kompenzace ISI.   

 

 B 

do B (zde B = 0,5 fs) pouz  [12]. 

 

h(t) Fourierovou  

funkce H(f)  [12]. 

 

n je tedy filtr s 

a 

  B do B(kde B = 0,5 fs

  

 

 Raised Cosine filtr s 

 [12]. 

 

 

  filtru s 

charakteristikou z rovnice (15). Jeh  

  

Raised cosine filtru z rovnice 15. S   

k Raised 

C  

 

 

H(f) HT(f) a  

HR(f). 
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3.10  

 

3.11  
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4.2  

4   

  

  . 

4.1  

 

.  

 

4.1  

B

. Blok Modulation Blok Subcarrier 

-  v . IDFT blok 

 -

 . Blok blok DA -

. vys  

4.1.1 Randomizace 

Proces randomizace jsme realizovali podle obr  3.2. Bylo v to 

XOR (viz obr  4.2 je uvedena i  stavov  tabulka. 

 

Tabulka 5  

 

 

 

 M

 

    Y = xor (A,B); 

A B Y 

0 0 0 

0 1 1 

1 0 1 

1 1 0 
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4.1.2  

 je 

 

 

 

 

rate pro 

, a to 1/2, 1/3, 1/6, 2/3 a 5/6. 

K  

u, funkce poly2trellis

  

 u 3.4. 

 Struktura = poly2trellis([5 4],[23 35 0;0 5 13]); 

 convenc(msg,Struktura); 

Zde msg po za  jeho 

P ka  z jedn

k tu (3.4) 

 

 

 . 

P v , a 

 tu   

 

 5 =  5  4 ;  3  2  1;     4 =  4  ;    3  2  1 

 

          3          7              =   37                    1           7             =   17 

K

7 v , ojice je 3 v  

 

 

4.1.3  

k  funkce fec.rsenc(N,K), 

funkce encode. 
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U funkce fec.rsenc(N,K)  je K 

  

inu jen s 

de2bi z   

 N = 255; K = 239 ; 

 fec.rsenc(N,K); 

 encode  

 2 v 

, jinak dojde k   

4.1.4  

V   - pseud

 

 

 

 randperm(length(msg); 

 intrlv(msg,randperm); 

. , aby 

dat   : 

  

  

 matintrlv  

. 

 

  

  

   

 msg = msg'; 

  

 = convintrlv( ' ; 

z  
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4.1.5 Modulace 

  realizaci 

 

 

V -QAM a 64-

 Je , jsou 

 koncovkou mod. 

s 

funkci modem.qammod 

  nebo jen jedna a typ podle modulace). 

Tabulka 6  

Vlastnost Popis vlastnosti 

Typ Typ modulace, hodnota je  

M 
-

 

 
 

Konstelace 
 

 

o

jsou bingy  

 

 
 

 
 vstup) 

a integer (ce  

M-   

, aby se 

data pohybovala v I- -

 

(viz tabulka 7) 

Tabulka 7  

Modulace Koeficient Modulace Koeficient 

BPSK  1 QPSK 1  

16-QAM   64-QAM   
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Z patr

 

pozici.  modulace 64-QAM. 

 

4.3 -  

 

4.4 -  
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-QAM: 

 

Norm = 1/sqrt(42); 

= modulate  

 

 

z  

 Signal_bin = reshape(msg,[],log2(M)); 

 Signal_dec = bi2de(Signal_bin); 

 reshape(Signal_dec,1,[]); 

4.1.6 IFFT  

Ja urierovu transform  

 

reshape  k  

  

(obr  4.7). 

N_fft = 128;    

y = reshape(msg,N_fft,[]);   

x = ifft  

spektrum = reshape(x,1,[]); 

 

4.5 Spektrum na  
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4.1.7  

Raised-Cosine filtr. V 

 

 

 

funkci rcosine. 

 filtr = rcosine(Fd,Fs,typ_filtru); 

 filter(filtr,1,msg); 

,  

root raised cosine.  

 

4.6  

 

4.7  
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V   

4.2  

V mo  

 

- . 

V  

 

-randomizace. 

 

4.8  

4.2.1  

Raised-Cosine filtr. 

 N

ja  

 Filtr = rcosine(Fd,Fs,typ_filtru); 

 filter(1,filtr,msg); 

 

4.2.2 FFT  

IFFT  

FFT, abychom z  

N_fft = 128;    

y = reshape(msg,N_fft,[]);   

x = fft  

reshape(x,1,[]); 

4.2.3 Demodulace 

 oup

k 

 procesu 

vedeme na b , a to 
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 -QAM. 

 

Norm = 1/sqrt(42); 

Odnormova  

= demodulate  

 

 

4.2.4  

 

 

 deintrlv  

  

  

  

 = matdeintrlv  

 

  

  

   

 X = convdeintrlv  

  

  

4.2.5  

Pro d . 

N

 

N = 255; K =239 ; 

 fec.rsdec(N,K); 

 msg = reshape(msg,[],log2(N+1); 

 decode  

4.2.6  

vitdec  

struk  



 

 

33 

Struktura = poly2trellis([5 4],[23 35 0;0 5 13]); 

 vitdec(msg,Struktura,5,'trunc','hard'); 

, 

 

4.2.7 DeRandomizace 

 

 

s 

 . 

4.3  

 (viz tabulka 7). 

 

Tabulka 8  

 Popis 

AWGN 
 

  

Rayleigh 
  

  

Rician 
  

 

 

4.4  

V   
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B
E

R
 [

-
 

 

 

B
E

R
 [

-
 

4.4.1 Chybovost pro AWGN 

 

4.9 Chybovost pro modulaci BPSK 

 

4.10 Chybovost pro modulaci QPSK 
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B
E

R
 [

-
 

B
E

R
 [

-
 

 

4.11 Chybovost pro modulaci 16-QAM 

 

4.12 Chybovost pro modulaci 64-QAM 
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B
E

R
 [

-
 

 

Tabulka 9  

 

 

 

 

 

4.4.2  

 

4.13  

a  

255,239

 

 

 

 

 

 

 

Modulace CC rate RS  

BPSK 

1/2 255/239  
QPSK 

16-QAM 

64-QAM 
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B
E

R
 [

-
 

 

B
E

R
 [

-
 

4.4.3  

 

4.14  

 

4.4.4 Chybovost pro  

 

4.15  
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B
E

R
 [

-
 

 

4.4.5 Chybovost pro  

 

4.16  

Z 

  

  

. 
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SEZNAM IN A ZKRATEK 

4G   

ADC   

ARQ  Automatic Repeat-reQuest 

BER  Bit Error Rate 

BPSK  Binary PSK 

BS  Basic Station,  

BW   

CC   

CDMA  Code-Division Multiple Access 

CP   

CPS  Common Part Sublayer 

CSN  Connectivity Service Network 

DAC   

DFT  Discrete Fourier Transformation 

DHCP  Dynamic Host Control Protocol 

FDD  Frequency Division Duplex 

FDMA  Frequency-Division Multiple Access 

FEC  Forward Error Correction 

FFT  Fast Fourier Transformation 

FIR  Finite Impulse Response 

GSM  Global System for Mobiles 

HARQ  Hybrid Automatic Repeat-reQuest 

IDFT  Inverse Discrete Fourier Transformation 

IFFT  Inverse Fast Fourier Transformation 

IIR  Infinite Impulse Response 

ISI  InterSymbol Interference 

MAC  Media Access Control 

MS  Mobile S stanice 

NLOS  None Line of Sight 

LOS  Line of Sight 

OFDM  Orthogonal Frequency Division Multiplex 

OFDMA  Orthogonal Frequency Division Multiple Access 
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PCM  Pulse Code Modulation 

PHY  Physical Layer 

PSC  Paralel to Serial Converter 

PSK  Phase Shift Keying 

QAM  Quadrature Amplitude Modulation 

QoS  Quality of Services 

QPSK  Quadrature PSK 

RS  Reed-Solomon 

SAP  Service Access Point  

S/N  Signal / Noise 

SNR   

SOFDMA  Scalable Orthogonal Frequency Division Multiple Access 

SPC  Serial to Paralel Converter 

SQRT  Square Root Raised Cosine 

TDD  Time Division Duplex 

TDMA  Time-Division Multiple Access 

UMTS  Universal Mobile Telecommunications System 
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A. ZDROJOV   

A.1  
%WiMAX 1.1.0 

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

clear all 

clc 

 

config = params(1); 

 

switch(config.base.modulace); 

    case 'BPSK' 

        max = 1; 

        signal = randi([0, max],1,config.base.N); 

    case 'QPSK' 

        max = 3; 

        signal_de = randi([0, max],1,config.base.N);  

        signal = reshape(de2bi(signal_de),1,[]); 

         

    case '16-QAM' 

        max = 15; 

        signal_de = randi([0, max],1,config.base.N);  

        signal = reshape(de2bi(signal_de),1,[]); 

    case '64-QAM' 

        max = 63; 

        signal_de = randi([0, max],1,config.base.N); 

        signal = reshape(de2bi(signal_de),1,[]); 

end      

 

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

 

    %Randomizace 

    signal_randomized = randomizator(config,signal); 

     

        %FEC 

             

            signal_coded_CC = 

Konvolucni_kodery(config,signal_randomized); 

             

            switch(config.base.RS_type) 

                case '7,3' 

                   x_RS = length(signal_coded_CC); 

                    RS = ceil(x_RS/3); 

                     RS_new = RS*3; 

                      RS_add = RS_new - x_RS; 

                signal_coded_CC_new = 

[signal_coded_CC,zeros(1,RS_add)]; 

                case '127,119' 

                   x_RS = length(signal_coded_CC); 

                    RS = ceil(x_RS/119); 

                     RS_new = RS*119; 
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                      RS_add = RS_new - x_RS; 

                signal_coded_CC_new = 

[signal_coded_CC,zeros(1,RS_add)]; 

                case '255,239' 

                   x_RS = length(signal_coded_CC); 

                    RS = ceil(x_RS/239); 

                     RS_new = RS*239; 

                      RS_add = RS_new - x_RS; 

                signal_coded_CC_new = 

[signal_coded_CC,zeros(1,RS_add)]; 

            end 

             

            signal_coded_RS = RS_koder(config,signal_coded_CC_new); 

        %Interleaving 

        switch(config.base.Interleaving_type) 

            case 'pseudo_random' 

                signal_coded_RS_new = signal_coded_RS;   

                prok_add = 0; 

            case 'matrix' 

                x_prok = length(signal_coded_RS); 

                    prok = ceil(x_prok/3); 

                     prok_new = prok*3; 

                     prok_add = prok_new - x_prok; 

                signal_coded_RS_new = 

[signal_coded_RS,zeros(1,prok_add)]; 

            case 'conv' 

              signal_coded_RS_new = signal_coded_RS; 

              prok_add = 0; 

        end 

         

         signal_prokladany = 

Interleaving(config,signal_coded_RS_new); 

    %Repetition -  

        %vynechavka ATM 

    %OFDMA 

        %Symbol Mapping (Modulation) 

        switch(config.base.modulace) 

            case 'BPSK' 

              sig_1 =  signal_prokladany; 

              Mod_4 = 0; 

           case 'QPSK' 

             Mod = length(signal_prokladany); 

              Mod_2 = ceil(Mod/2); 

               Mod_3 = Mod_2*2; 

                Mod_4 = Mod_3 - Mod; 

                 sig_1 = [signal_prokladany,zeros(1,Mod_4)]; 

            case '16-QAM' 

             Mod = length(signal_prokladany); 

              Mod_2 = ceil(Mod/4); 

               Mod_3 = Mod_2*4; 

                Mod_4 = Mod_3 - Mod; 



 

 

46 

                sig_1 = [signal_prokladany,zeros(1,Mod_4)];   

            case '64-QAM' 

             Mod = length(signal_prokladany); 

              Mod_2 = ceil(Mod/6); 

               Mod_3 = Mod_2*6; 

                Mod_4 = Mod_3 - Mod; 

                 sig_1 = [signal_prokladany,zeros(1,Mod_4)];   

        end 

        signal_modulovany = Modulatory(config,sig_1); 

        %Subcarrier Mapping 

             

        %IFFT 

         N_fft = config.base.N_fft; 

         IFFT_x = length(signal_modulovany); 

         IFFT_y = ceil(IFFT_x/N_fft); 

         prid = (IFFT_y*N_fft) - IFFT_x; 

         signal_pom = [signal_modulovany, zeros(1,prid)]; 

         

         signal_IFFT = IFFT(config,signal_pom); 

    %Filter 

        %filter_out = Filtr_vystupni(config,signal_IFFT); 

    %DAC 

          

    %RF-TX 

        %-- 

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

 

SNR = 30; 

sum = awgn(signal_IFFT,SNR); 

 

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

 

     

    %RF-RX 

        %--           %vytvorit fci 

    %ADC 

      

    %Filter 

        %filter_in = Filtr_vstupni(config,sum); 

    %OFDMA 

        %FFT 

        signal_FFT = FFT(config,sum); 

        signal_FFT_new = signal_FFT(1:end-prid); 

        %Subcarrier Demapping 

             

        %Symbol DeMapping(Demodulace) 

         signal_demodulovany = Demodulatory(config,signal_FFT_new); 

         signal_demodulovany_new = signal_demodulovany(1:end - 

Mod_4); 

    %DE-Repetition 

        %vynechavka ATM 
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        %Deinterleaving 

         signal_deinterleaved = 

DeInterleaving(config,signal_demodulovany_new); 

         signal_deinterleaved_new= signal_deinterleaved(1:end - 

prok_add ); 

        %FEC 

             

             signal_RS_decoded = 

RS_Decoder(config,signal_deinterleaved_new); 

             signal_RS_decoded_new = signal_RS_decoded(1:end - 

RS_add); 

             

             signal_CC_decoded = 

CC_Decoder(config,signal_RS_decoded_new); 

    %DeRandomizace 

     signal_new = De_randomizator(config,signal_CC_decoded); 

 

      

A.2  
function config = params(in) 

||||||||||||||||||||||||||||||| 

 

n = 8/7;        %sampling faktor 

G = 1/32;          % CP time = 1/32 , 1/16 , 1/8, 1/4 

N_fft = 128;        %velikost fft = 128,512,1024,2048 

 

delta_f = F_s/N_fft;                     %ochr  

 

 

 

 

CC_rate = '1/2';                            % CC koder rate 

modulace = 'QPSK';                       % Typ modulace 

Interleaving_type = 'matrix'; 

N = 100; 

RS_type = '7,3';        % dalsi 255,239 a 127,119 

 

%========================== 

config.base.N = N; 

config.base.BW = BW; 

config.base.n = n; 

config.base.G = G; 

config.base.N_fft = N_fft; 

config.base.F_s = F_s; 

config.base.delta_f = delta_f; 

config.base.T_b = T_b; 

config.base.T_g = T_g; 

config.base.T_s = T_s; 

config.base.T_samp = T_samp; 



 

 

48 

config.base.CC_rate = CC_rate; 

config.base.modulace = modulace; 

config.base.Interleaving_type = Interleaving_type; 

config.base.RS_type = RS_type; 

%========================= 

end 

 

A.3 Randomizace 
function [out] = randomizator(config,signal) 

%Randomizace 

L1 = length(signal);  

  

randomizer_start_sequence=[1,0,0,1,0,1,0,1,0,0,0,0,0,0,0];  

 

randomizer_new = zeros(1,L1); 

    for i=1:L1 

     

     y = 

xor(randomizer_start_sequence(14),randomizer_start_sequence(15)); 

    

     enci 

randomizer_start_sequence(15) = randomizer_start_sequence(14); 

randomizer_start_sequence(14) = randomizer_start_sequence(13); 

randomizer_start_sequence(13) = randomizer_start_sequence(12); 

randomizer_start_sequence(12) = randomizer_start_sequence(11); 

randomizer_start_sequence(11) = randomizer_start_sequence(10); 

randomizer_start_sequence(10) = randomizer_start_sequence(9); 

randomizer_start_sequence(9) = randomizer_start_sequence(8); 

randomizer_start_sequence(8) = randomizer_start_sequence(7); 

randomizer_start_sequence(7) = randomizer_start_sequence(6); 

randomizer_start_sequence(6) = randomizer_start_sequence(5); 

randomizer_start_sequence(5) = randomizer_start_sequence(4); 

randomizer_start_sequence(4) = randomizer_start_sequence(3); 

randomizer_start_sequence(3) = randomizer_start_sequence(2); 

randomizer_start_sequence(2) = randomizer_start_sequence(1); 

randomizer_start_sequence(1) = y; 

     

           randomizer_new(i) = y;        

    end 

 

     

    out = xor(randomizer_new,signal); 

end 

 

 

 

 

 

A.4  
function [out] = Konvolucni_kodery(config,signal_randomized) 
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%Konvolucni kodery 

CCrate = config.base.CC_rate; 

switch(CCrate) 

    case '1/2' 

         trel = poly2trellis(5,[37 33]); % 11111 , 11011 

    case '1/3' 

         trel = poly2trellis(5,[37 33 31]);  

    case '1/6' 

         trel = poly2trellis(5,[37 35 31 30 27 23]); 

    case '2/3' 

         trel = poly2trellis([5 4],[23 35 0;0 5 13]);      

    case '5/6' 

         trel = poly2trellis([5 4 3 5 4],[37 35 31 30 27 23;17 16 

15 14 13 12;7 6 5 4 3 2;37 35 31 30 27 23;17 16 15 14 13 12;]);    

end 

 

       out = convenc(signal_randomized,trel); 

end 

 

A.5  
function [out] = RS_koder(config,signal_coded_CC_new) 

RS_type = config.base.RS_type; 

switch(RS_type) 

%RS_koder 

    case '7,3'   

       signal_for_coding = reshape(signal_coded_CC_new,[],1); 

        coder = fec.rsenc(7,3); 

         signal_coded_1 = encode(coder,signal_for_coding); 

          sig_1 = reshape(signal_coded_1,1,[]); 

           sig_2 = de2bi(sig_1); 

           out = reshape(sig_2,1,[]); 

    case '127,119' 

       signal_for_coding = reshape(signal_coded_CC_new,[],1); 

        coder = fec.rsenc(127,119); 

         signal_coded_1 = encode(coder,signal_for_coding); 

          sig_1 = reshape(signal_coded_1,1,[]); 

           sig_2 = de2bi(sig_1); 

           out = reshape(sig_2,1,[]); 

    case '255,239' 

       signal_for_coding = reshape(signal_coded_CC_new,[],1); 

        coder = fec.rsenc(255,239); 

         signal_coded_1 = encode(coder,signal_for_coding); 

          sig_1 = reshape(signal_coded_1,1,[]); 

           sig_2 = de2bi(sig_1); 

           out = reshape(sig_2,1,[]); 

         

end 

end 

A.6  
function [out] = Interleaving(config,signal_coded_RS_new) 
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%Interleaving 

Interleaving_type = config.base.Interleaving_type; 

switch(Interleaving_type) 

    case 'pseudo_random' 

        konst = length(signal_coded_RS_new); 

        permutace_vektor=randperm(konst); 

        out = intrlv(signal_coded_RS_new,permutace_vektor); 

    case 'matrix'   % Doplnit vypocet delky signalu 

        Nrows=3; 

        Nc = length(signal_coded_RS_new); 

        Ncols=Nc /3; 

        out = matintrlv(signal_coded_RS_new,Nrows,Ncols); 

      permutace_vektor = 0; 

    case 'conv'             

  Nrows=3; 

        Slope = 3; 

  D = Nrows*(Nrows-1)*Slope 

  signal_new = signal_coded_RS'; 

  signal_added = [signal_new;zeros(D,1)]; 

        out = convintrlv(signal_added,Nrows,Slope); 

     permutace_vektor = 0; 

end 

end 

 

A.7  
function [out] = Modulatory(config,sig_1) 

%Modulatory 

modulace = config.base.modulace; 

%Start 

switch(modulace) 

    case 'BPSK' 

        %Vytvoreni modulatoru BPSK 

         modulator = 

modem.pskmod('M',2,'PhaseOffset',0,'SymbolOrder','binary','InputTyp

e','bit'); 

         norm = 1; 

         signal_pom = sig_1; 

    case 'QPSK' 

        %Vytvoreni modulatoru QPSK 

         modulator = 

modem.pskmod('M',4,'PhaseOffset',0,'SymbolOrder','gray','InputType'

,'integer'); 

         norm = 1; 

         sig_2 = reshape(sig_1,[],2); 

         sig_3 = bi2de(sig_2); 

         signal_pom = reshape(sig_3,1,[]); 

    case '16-QAM' 

        %Vytvoreni modulatoru 16-QAM 

         modulator = 

modem.qammod('M',16,'PhaseOffset',0,'SymbolOrder','binary','InputTy

pe','integer'); 
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         norm = 1/sqrt(10); 

         sig_2 = reshape(sig_1,[],4); 

         sig_3 = bi2de(sig_2); 

         signal_pom = reshape(sig_3,1,[]); 

    case '64-QAM' 

        %Vytvoreni modulatoru 64-QAM 

         modulator = 

modem.qammod('M',64,'PhaseOffset',0,'SymbolOrder','binary','InputTy

pe','integer'); 

         norm = 1/sqrt(42); 

         sig_2 = reshape(sig_1,[],6); 

         sig_3 = bi2de(sig_2); 

         signal_pom = reshape(sig_3,1,[]);          

end 

%Vlastni modulace 

    signal_modulated = modulate(modulator, signal_pom); 

    out = signal_modulated.*norm; 

end 

 

A.8 IFFT 
function [out] = IFFT (config,signal_pom) 

N_fft = config.base.N_fft; 

-> paralel 

    paralel=reshape(signal_pom,N_fft,[]); 

%Fourierrovy transformace 

    paralel_pom = ifft(paralel,N_fft,'nonsymmetric');   

-> serial 

    serial=reshape(paralel_pom,1,[]); 

    out = serial; 

end 

 

A.9 FFT 
function [out] = FFT (config,sum) 

N_fft = config.base.N_fft; 

-> paralel 

    paralel=reshape(sum,N_fft,[]); 

%Fourierrovy transformace 

    paralel_pom = fft(paralel,N_fft);   

-> serial 

    pom=reshape(paralel_pom,1,[]); 

    out = pom; 

end 

 

 

 

 

A.10  

 
function [out] = Demodulatory(config,signal_FFT) 
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modulace = config.base.modulace; 

switch(modulace) 

    case 'BPSK' 

        %Vytvoreni demodulatoru BPSK 

         demodulator = 

modem.pskdemod('M',2,'PhaseOffset',0,'SymbolOrder','binary','Output

Type','bit'); 

         norm = 1; 

         output = demodulate(demodulator,signal_FFT); 

    case 'QPSK' 

        %Vytvoreni demodulatoru QPSK 

         demodulator = 

modem.pskdemod('M',4,'PhaseOffset',0,'SymbolOrder','gray','OutputTy

pe','bit'); 

         norm = 1; 

         signal_pom = signal_FFT./norm; 

         signal_demodulated = demodulate(demodulator, signal_pom); 

         output = signal_demodulated(2,:); 

    case '16-QAM' 

        %Vytvoreni demodulatoru 16-QAM 

         demodulator = 

modem.qamdemod('M',16,'PhaseOffset',0,'SymbolOrder','binary','Outpu

tType','bit'); 

         norm = 1/sqrt(10); 

         signal_pom = signal_FFT./norm; 

         signal_demodulated = demodulate(demodulator, signal_pom); 

         output = signal_demodulated(4,:); 

    case '64-QAM' 

        %Vytvoreni demodulatoru 64-QAM 

         demodulator = 

modem.qamdemod('M',64,'PhaseOffset',0,'SymbolOrder','binary','Outpu

tType','bit'); 

         norm = 1/sqrt(42); 

         signal_pom = signal_FFT./norm; 

         signal_demodulated = demodulate(demodulator, signal_pom); 

         output = signal_demodulated(6,:); 

end 

        %Vystupni signal 

         out = output; 

end 

 

A.11  
function [out] = DeInterleaving(config,signal_demodulovany_new) 

Interleaving_type = config.base.Interleaving_type; 

    switch(Interleaving_type) 

     case 'pseudo_random'   

      out = deintrlv(signal_demodulovany_new,konst);    

     case 'matrix' 

      Nrows=3; 

       Nc = length(signal_demodulovany_new); 

        Ncols=Nc /3; 
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         out = matdeintrlv(signal_demodulovany_new,Nrows,Ncols);    

     case 'conv' 

  Nrows = 3; 

  Slope = 3; 

  D = Nrows*(Nrows-1)*Slope; 

  b1 = convdeintrlv(signal_demodulovany_new,Nrows,Slope); 

  out = b1(D+1:end); 

    end 

end 

 

A.12 RS  
function [out] = RS_Decoder(config,signal_deinterleaved_new) 

RS_type = config.base.RS_type; 

    switch(RS_type) 

     case '7,3' 

         decoder = fec.rsdec(7,3); 

         signal_pom_1 = reshape(signal_deinterleaved_new,[],3); 

         signal_decoded = decode(decoder,signal_pom_1); 

         out = reshape(signal_decoded(:,1),1,[]); 

     case '127,119' 

         decoder = fec.rsdec(127,119); 

         signal_pom_1 = reshape(signal_deinterleaved_new,[],7); 

         signal_decoded = decode(decoder,signal_pom_1); 

         out = reshape(signal_decoded(:,1),1,[]); 

     case '255,239' 

         decoder = fec.rsdec(255,239); 

         signal_pom_1 = reshape(signal_deinterleaved_new,[],8); 

         signal_decoded = decode(decoder,signal_pom_1); 

         out = reshape(signal_decoded(:,1),1,[]); 

    end 

end 

A.13  
function [out] = CC_Decoder(config,signal_RS_decoded_new) 

CC_rate = config.base.CC_rate; 

switch(CC_rate) 

    case '1/2' 

         trel = poly2trellis(5,[37 33]); % 11111 , 11011 

         out=vitdec(signal_RS_decoded_new,trel,5,'trunc','hard'); 

    case '1/3' 

         trel = poly2trellis(5,[37 33 31]);  

         out=vitdec(signal_RS_decoded_new,trel,5,'trunc','hard'); 

    case '1/6' 

         trel = poly2trellis(5,[37 35 31 30 27 23]); 

         out=vitdec(signal_RS_decoded_new,trel,5,'trunc','hard'); 

    case '2/3' 

         trel = poly2trellis([5 4],[23 35 0;0 5 13]); 

         out=vitdec(signal_RS_decoded_new,trel,5,'trunc','hard'); 

    case '5/6' 

         trel = poly2trellis([5 4 3 5 4],[37 35 31 30 27 23;17 16 

15 14 13 12;7 6 5 4 3 2;37 35 31 30 27 23;17 16 15 14 13 12;]); 
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         out=vitdec(signal_RS_decoded_new,trel,5,'trunc','hard'); 

end 

end 

 

A.14 DeRandomizace 
function [out] = De_randomizator(config,signal_CC_decoded) 

%Randomizace 

L1 = length(signal_CC_decoded); 

 

randomizer_start_sequence=[1,0,0,1,0,1,0,1,0,0,0,0,0,0,0];  

derandomizer_new = zeros(1,L1); 

    for i=1:L1 

     y = 

xor(randomizer_start_sequence(14),randomizer_start_sequence(15)); 

      

     randomizer_start_sequence(15) = randomizer_start_sequence(14); 

     randomizer_start_sequence(14) = randomizer_start_sequence(13); 

     randomizer_start_sequence(13) = randomizer_start_sequence(12); 

     randomizer_start_sequence(12) = randomizer_start_sequence(11); 

     randomizer_start_sequence(11) = randomizer_start_sequence(10); 

     randomizer_start_sequence(10) = randomizer_start_sequence(9); 

     randomizer_start_sequence(9) = randomizer_start_sequence(8); 

     randomizer_start_sequence(8) = randomizer_start_sequence(7); 

     randomizer_start_sequence(7) = randomizer_start_sequence(6); 

     randomizer_start_sequence(6) = randomizer_start_sequence(5); 

     randomizer_start_sequence(5) = randomizer_start_sequence(4); 

     randomizer_start_sequence(4) = randomizer_start_sequence(3); 

     randomizer_start_sequence(3) = randomizer_start_sequence(2); 

     randomizer_start_sequence(2) = randomizer_start_sequence(1); 

     randomizer_start_sequence(1) = y; 

     

           derandomizer_new(i) = y;        

    end 

     

    out = xor(derandomizer_new,signal_CC_decoded);   

end 

 

 

 


