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Relay-based Differential Space Time Code Transmission

Student: Bing-Chien Li Advisor: Dr. Wen-Thong Chang
Department of Communication Engineering

National Chiao Tung University

Abstract

This thesis is focused on how to use differential space time code
transmission on wireless relay.network and decode data with no channel
estimation. In MIMO( Multi-Input Multi-Output )system, we can transmit space
time code to improve transmission capacity and reliability with multiple
antennas at transmitter and receiver, and we need channel estimation for correct
decoding at receiver. Because of two-phase transmission on wireless relay
network, it will need more channel estimation results than MIMO system. For
decreasing the amount of channel estimation, we implement differential space
time code on wireless relay network and use the design of double-coding to
cooperatively transmit differential space time code at all relays which uses one
antenna. The receiver will decode transmitted data by the received signal and
past received signal with no channel estimation. Finally, we will discuss all
differential transmissions through different relaying protocol and compare the

performance of all differential transmission models by bit error rate.
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2.2 Relaying Protocol of Cooperative Communication
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2.2.1 Fixed Relaying
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2.2.2 Selective Relaying
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2.2.3 Incremental Relaying
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2.3.1 cooperative source diversity

cooperative source diversity £_J| #* #75 g b3y (¢ FpBEHE P %

) FRBEAR e AL R F AP = b kP o

RS Frame i Frame (i+1)
t ' -
BS  s() / st BS -\._H&
ﬁ RS __RSMS
MS

Bl 2.6 ixpe d seed ¥ 5

B 2.6 fniB ik gr @ e gR A B AP e e0s R b Frame i pF 832
A% S(H)MEL D ¢ ¥ > @ & Frame (it1)ihpe iz » @iE:bd ¢ %@
* AR PER A 5 N R S() B T By s AT fg»];:;«%;]_};,{;%g i

IEER B R T R 1R AP e e B A B K Aheh diversity gain o

T ()
[a Frame i Frame (i+1)
\ gg [BSRSw T~ '
BS RSo -
(9) RS, RS ——
*0 & RS =
RS, MS

Bl 2.7 & Britb ¥ sedddhiE g

B 2.7 % 7 & Frame i pF #5520 @32 S(t) 51 & B ¥ 43 (RSO &
RS1) » @ Je I ELend B ¢ 48 4 Frame (i+1)PF #-2 F] a2 55 S() 12 *
A0 B PRI — 5 chF R - S() @ 3% 3 Rjesd 0 (e @ #8 4 Frame (i+1)F

14



TG EA B SR AR PR A S O R - S() 91X T ey

AT AR B AT R ALE A B B P Ml E (7 diversity gain e

- )
Framei Frame (i+1)
s(t) Bs [BSRSw} .
BS RS = = S| —
(« )) s(t) \ RS, L |
0 RS; I
RS, MS

B12.8 (hixsbgrd (3ot ¢ el diEIg

B 2.8 4 77 % Frame i Pri® % =4 & £ L @3 S()M LT 3 B ¢ #:5(RSO
2 RS1) - e & i Frame (it 1) 687 i 2 5 e 2| S() Huins i 7 g ie
fple PR —HE S nF R BAE SO Befeig2 oMy MRS Y B0 B %
AR PE R — 3 5 N T RE SO BB T R o B ARG e

B % rvendiversity gain e

15



2.3.2 cooperative transmitted diversity

cooperative transmitted diversity 77 ;8§ | * Fixzh ¢ Meh £ v g

i%¥ - ‘2 Space Time Code > £2 cooperative source diversity ;" & ~ 97 ¢ B
BRI ool s (@ fpBaag Y ey ﬁ.}‘ug Yo B H - e
Lo F B Mg E S ook & MIMO 50T B S 193 8 4ok
Space Time Code %8 ¥_t B 1% 243 (7 e 7R1B & B ¢ e 2T
ﬁﬁiﬁﬁl@ Eap e P e s B 3% T Bl > 4o % Space Time Code 1.4
AL LB MR T o o RGBSR R R o FG
B ZRBE - RAETT o EFHEe A 58K cooperative

transmitted diversity &1 150 o

-*ﬂ?(())

: & 3 RS Frame i Frame (i+1)
BS S, Sit1 s
: S
gs [BS&S1 - —
MS - TS

B 29 @R F STC BTy P & ivig
1

B 2.9 e\ B 3% 2412 (7 Space Time Code sH % » P 4 7 7 &
Bl Pl B % T 45 T > 4 Framei P> @iz @i -5 s 3¢
45 4 Frame (i+1)PF ¢ 43 © F_%- & Frame i PF /88 % 3843 eh—5s,, S,
#i% 3 &jced > @ Frame (i) eni@ E 3R] 8 @i s s, 3 fjesg > o

TP R l{’{‘:nﬂf,:T‘&L ¢ 23| = £ - ‘= Space Time Code °

16



i STBC
harf encoder
X RS Frame i Frame (i+1)
=S i+1s sI
ps [Pl ]

B 2.10 @ixzyer @ sed d 3 (7 STC %ff & 7 @ i% 305

B 2.10 =0 ;NP E_ @i e P el k37 Space Time Code %45 e
T t Framei p¥ > @i¥=3@i% s, S 1 ¢ %4> @ % Frame (it])pF B i% =3
S, S B RS, S, 0 P MEMMTIens | S kb —S., S o Ris B
e Ml R fp e Rl A F R T A WA 2 Sl iE T
By o Fpt HN sl M 3 & Frame (iH1)# % 5T 3] - % Space Time

Code -

Rl 2l ‘ Framei Frame (i+1)

: BS ==
“Sis, Si - el
RS, =
Si, Siz1 & —— -
RS,
RS, MS

B 2.11 @347 STC %mE T & B2+ ¥ el & (v @i

B 2.11 &0 ;8§ d @32 233 7 Space Time Code N » 7318 B =d
& Frame i P¥ % %45 % ¢ Space Time Code A %] @i% —s | S I % - B¢ %
B R BiES) S, 3 S B M @ A Frame(i+1)PF > A B Y b))
* AR PR A K ch TR BT GBS, S S S, B T R esg 0 7

PLE g e R e Frame (i+1)PF 42 ¥ - % Space Time Code °

17



5\+1, Si
TS () s

\} half encoder!

.................. Framei Frame (i+1)
Si+1, Si - - e
\~S i1, Si Bs [EBRwlkl e
RS, S —
.( ) ~ A RS, W
San 5;-;1 = ﬁ R =y =
] RS1 RS-MS

MS

Bl 2.12 @3331%@33@@5 B+ e w17 STC % kB @ T/F@iif‘é%%,{

Bl 2.12 ehficst B A @ i 7 Space Time Code e%#§ > Frame i F&F »
i n AR @ STIS, SELA B Mg ) M2 54
WS, S SaBE S =S, S 7S, S0 7R e Frame (i+])BF B0 2 15 0 F 3

Space Time Code °

18
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4.2 Distributed Differential Space Time Code
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B 4.3 4plk ek SL2E fﬁ'f 1B 3% =818 :x difference symbol vector
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Mt Bia a4 e M5 £ Z 8 d datasymbol #7ie 2 > @ F A%
Differential Modulation %] % difference symbol vector » = j# &_#- information

bits % #& Modulation( BPSK~QPSK % )% = data symbol s » £ #-data symbol
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matrix > 70 Ak r—1 B PR BRI L P e £

XD = /PPT [A1 a(r-1) s(’ Do ANgg—l)]H(r—l)JrW(r—l) (19)

Mg PR BRI T e B R S

. PPT [+ 200 R ac P .
x(®) = [AIS) Azsé) ANSI(\I)]H()+W() (20)

40



d 3t {4 pF P Bk e difference symbol vector § ¥ — 1 code matrix U

BT ]t A - (20) B G

PPT[A A NP A A
(r) _ 1"2 () @(z=1) (r)g(z-1) () az=D [iq () (7)
X© = A2 [Aj©s Gosr o AUOSTI O 1w
Ao Auvs AU,
(21)
AE'J@%%’RelayMatrix”ﬁ A B s A=Ap
B=0 U”=U®
(] '&i:Bif‘?*t
A=0 U©0=0u®
4ok AUD =UDA & 2 5 &  pggend 7
AiU(r)ZU(T)Ai
(22)

BUY =u B

CUEAN AR S N 02 1 DR gZe N ke R el i ol S S o)

/PPT . ~ A (e
X( (T) [Al (z-1) Azséf D S ANSI(\IT 1)]H(f) +W(T) (23)

3K Phase 1 ¥ Phase 2 cid 3 5% f. g g, PLF ORI F L AT 0 F A
fs I:_&F'&E‘Fm —E-K}’@

H(T) H(T 1)

S K ¢ B Bt e £
()

PPT A A A

_y® : 1[ §E AN L A HED L
+
1
!

TGN IRV (24)

41



W(T), WO _yow e (25)

d 4.1 & e

Ay

a2 2L §F = -\ S ) 2 a2
\é\-ﬁ\E‘.‘a%‘a -TE"T ’}\‘ ";'\‘IFB?,|1—F["3_E

P < p
ﬁlg“g“ ly

N

W@ WED N0, 1+

W(T)EN 0,21+

o |

R +1 =
3 g jrsg#rié * g ML Detection 2 5% P 4

arg min
u®@

‘x( 2 (r)x<r—1)H

2 & 2 21 code matrix U ¥ £ 15U D g g = N )I}u? " 18 3] data
symbol > i 48 # ﬁg?l ;%22 2 3 & 4.1 & ¢ Distributed Space Time Code %
#4234 ML Detection F* 7 % Phase 1 &2 Phase 2 «1id if % (ki v = =
4% 8L i * Distributed Differential-Space Time Code p¥ | = & 4| * =i {5 pF
e e jc ¥l e £ i 7 1234 F ML Detection » @ 4 4p b PFRFE B

p > i@ * Distributed Differential Space Time Code ¥ 1 i 3% { % endata> e
g _¢2 %75 e¢h Differential Demodulation 4k Bh— 4% > # % {4 PF I B3 i B
B R 2 e iz o Floeh ahfE q* - Rl -

¥+ & i Distributed Differential Space Time Code 773k 3+ % > code
matrix U@ # R ks B =8 9]¢ difference symbol vector # ¢ * £
B > BB M § -G A 4 andifference symbol vector 1 #
Relay Matrix f % #5 =¢ Distributed Space Time Code > P =7%_3& difference
symbol vector i 4§ % > e i¥ T #fcsh o #4712 code matrix U7 ¢ & i o
Mxd & 1719 % eh Distributed Space Time Code I 22— T _H_4p e et =

42



0 Fl5 & P M difference symbol vector £ 4r F — & Distributed
Space Time Code %% crff %3¢ = 7 Fefaxf &2 & B0 o {8 pr i Bhje 3

=72 55 i Differential Demodulation » % = 7 & Phase | £2 Phase 2 3 i 58
B e fEH 0 L0 343 B R AL 4 % Relay Matrix A 27 code matrix
U (T)gj{gi = AU ) =U(f)A1 eRE (23N o @ F BT T T B g B 4

AU (f)L;;!i‘; h — f@ﬁ%ﬁ%%#&_ﬂ’{?% %’fg‘fﬁ%ﬁ% s ‘J i ‘f']q” ML Detection =7~ ;T\" iE

77 % & ii 3 & p| <o Differential Demodulation o

i 24 3 | P o : T
| |
I [
| |
| |
| |
| | D) D7
| I A8 AUP = U 4
% data symbol | # difference | o 2% 3 F # A
# 4% pi,code I vector#| A I AT 1% B P4 250k
matrixsf 3 ih I Relay Matrix 1 SR Sl
difference I St L G B I i 47 Differentia
vectorig 1% i% I I \_Demodulation
I [
| |
| |
| |
I [
| |
| |
1 1

B 4.4 Distributed Differential Space Time Code i 4% ]

43



4.3 Relay-based Differential Space Time Code method B
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4.4.1 Alamouti Code

% Distributed Differential Space Time Code & * % 2 i ¢ M8 pF > 30 i
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4.4.2 Square Real Orthogonal Code
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4.4.3 Circulant Code
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code matrix U™ eh /| B2 ici kW ¥ ¢ b niB Bicm 2o R A (AP B n
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# 4.1 Circulant Code &7 & i #icen® #2897 * o7 modulation

Numbers of Relay | Modulation | Optimal Angles (allg, =0)
BPSK | 6, =%
=2
QPSK |6,=2
4
2
BPSK | 6, =§ 0, :Tﬂ
N=3
T 2
QPSK 62 :g 93 :?
BPSK | 6,=% 0=F ¢ =%
. 7 7 2 Tt 14
T 2 RY/4
QPSK 62:§ (93:? 94:?
T 3z T 13V/4
BPSK Q== 0. == O, =—"— 6.=—"—
5 3 25 225 Y25 25
37 6r 14 177x
P K 0 = g 9 S The 9 = 9 =
QPS5 50 . 500 Y 50 7 50

% 41707 3 P B ac? o code matrix B @iFEF TR Y o
% #& modulation » e PFA L T OUF IR ¢ MY B AR F onpFiE > T F
£ s modulation E‘l'*ui‘ﬁ 5 & o 1 B spaupr i@ B 2 sl AR ML

Detection ¥ ik :}grz EHRBAIE
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$T% S%EEmaRELN

AREREHF=FTNE S ¢ HHDEARY & Wireless Relay
Network 38 3 #2575 1 * MATLAB ki T A 458 % < 5.1 & ¢ k5
802.16e & OFDMA 3L =12 % & % i # & MS(mobile station ) £ Rayleigh
Fading Channel 32 & A3~ G i g T * i f6 5 S gl 5.2 R &
A2 b5 2R B Y ROTHGOLA AR B LR D UER R
Wi B Bk 2oa A9 F ik MS & Rayleigh Fading Channel
kPR E i R R e~ o T‘{L_ﬂ?’ PR EEFE

LR B AR R TR B RS o N R F R T Rk

P oend el pE gt kst diversity (8L 88 o

% 5.1 '802.16e® OFDMA /4 % 4 #c i

Parameters Values

System Channel Bandwidth (MHz) | 1.75 5 10 10 20
Sampling Frequency (MHz) 2 5.7 11.2 112 224
FFT Size 128 512 1024 12048 |2048
Subcarrier Spacing (kHz) 15.63 | 11.16 | 10.94 |5.47 10.94
Useful Symbol Time (psec) 65 89.6 [91.4 182.8 |91.4
Guard Time (usec) 8 11.2 114 228 11.4
OFDMA Symbol Time (usec) 72 100.8 | 102.9 1205.7 |102.9

R TR 0% AL A Bk BB 802.16e ¥ %13t FFT size ' % Center

Frequency s34 » 4 5.1 #_%A 802.16e s T OFDMA ,: ek i & 4t
¥ i

9

B A % 0 FFT size = 2048 » Center Frequency P 2_5 GHz » i
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ig i3] B] &_Rayleigh Fading Channel » #i-%% Rayleigh Fading Channel =7
;E R ié * Jakes Model » % 5.2 R &K > 5%[7] ? 4% Jakes Model e~ 3% -
% B A5 # T MS ¢ Rayleigh Fading Channel #7i# * 12 6 $dc > fie &
802.16e ¥ FFT size 12 % Center Frequency ifu{% < #7i¢ * &0 Rayleigh
Fading Channel » 38 & 2 F e 5 4 53 » 3]%—1?.\%\;%? AT -

S o

# 52 MS:i# & 5 3 km/hr ¥ Rayleigh Fading Channel % 3t 4~

Tap Delay(ns) Avg Power(dB)
1 0 0
2 200 -0.9
3 800 -4.9
4 1200 -8.0
5 2300 -7.8
6 3700 -23.9

Parameter Value

Center Frequency 5 GHz

FFT size 2048

OFDM Symbol Time 102.9pusec

Modulation Type BPSK ~ QPSK

Channel Model Rayleigh Fading Channel

( Simulated by Jake’s Model )

Number of Multi-path

6

MS Speed

120 km/hr
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,
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Distributed Differential Space Time Code 4 2 Relay-based Distributed

Differential Space Time Code method B 5% H_¥} data symbol & {7 & FF B e
p 2 '}'5’3 H_#- data symbol % #§ = code matrix 4] * Differential Modulation %
i¢ = difference symbol vector » 2z_ {¢ ¥} difference symbol vector & * Relay
Matrix f %% = % i ¢ %23 & 7@ i% &0 Space Time Code » P 8%
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