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ABSTRACT

In this paper, we investigate the effect of multiple antennas at a relay node on the performance of physical-layer
network coding (PNC) in the two-way relay channel (TWRC). We assume that two source nodes have a single antenna
and the relay node has multiple antennas. We extend the conventional TWRC environment with a signle antenna at
both relay and source nodes to the case of multiple antennas at the relay node. In particular, we consider two decoding
strategies: separate decoding (SD) and direct decoding (DD). The SD decodes each packet from the two sources and
performs the network coding with bit-wise exclusive OR (XOR) operation, while the DD decodes the network-coded
packet from the two sources. Note that both decoding strategies are based on log-likelihood ratio (LLR) computation. It
is shown that the bit error rate (BER) performance becomes significantly improved as the number of antennas at the
relay node.

FINE T SA AL BASUEYD 2, AY 29, U EY

Key word : Two-way relaying channel, physical-layer network coding, channel coding, MIMO

Received 14 April 2016, Revised 18 April 2016, Accepted 23 April 2016

* Corresponding Author Bang Chul Jung (E-mail:bcjung@cnu.ac.kr, Tel:+82-42-821-6580)
Department of Electronics Engineering, Chungnam National University, Daejeon 34134, Korea

http://dx.doi.org/10.6109/jkiice.2016.20.8.1438 print ISSN: 2234-4772 online ISSN: 2288-4165

©This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



[12=1251

oo S

I.M E

L FF A A FAlolA dlole A&
A=ES FEA7171 91t 7ler HEHS F55)
(network coding) 7]&o] AFE ek YIE A F55}
71 A 2BVt F 2l kBN HEH A E
23] At ooy A7) ¢ e YRES
HESD REole B3 AR ZeYRE vhEol
42 wEE FABHE 7o TH1]. o]} Y=Y
TS ABBHA] o2 715 A Ad s
T 22 T 7bo] RE Faked) o] e 97
% AlZto] Wagh vk, EYD 58} 7|4 24T
ozn A o] 7l AE Ao ® k& IF FAlo] 7F
Sotth 212 QIgf dlolE AFAIHS TEA17]aL, 19
we} o] Ag 2oks B RS £ 5 Uk

HEYE REFE 44 AR Foig 5
¥} glofE HFES STV SR TIeR EEAIS
Y E {2 39 (physical-layer network coding, PNC) 7]
o] AFHUTH2]. =2 AIS HEYZ 232 3 WA
T H A B T 22 wESO] BA SIS
= A LEr AFstoie I FHH AT EREH U E
93 TP ABS dL S ek oA Zetstol,
=0 )7 A AT B BA] S0} AR o
ZOREEH YEQA APH AT E do] F oA b
A VIEYA ZYH HAS HFohe] = Jhof] FH
£ Faked] W) 97l A4 Azl Bash woh
Fut 28791 lole] $7 7]%olth

QHH, FT 7Sk A o2 Sk tlolE EdY
= #43st7] 918l tstElL 71 (MIMO) o] A[QHE]
%Ak MIMO 71458 = 7] o]4e] eheub Abgato]
tlole AEES wolAY HolH 9 HedE =ole
7142 3GPP, LTE [3] £} wireless local access network
(WLAN) [4]59] ols-gAA2glo] AefE]o] 452
A &3S ol EQITh ERF 20209 8IS HRE
ahe AT o] E-5410] 8 V)% % shE nejEw

o)

il

¢]

offt |
)

il

o *-

212 Blo] g Aol A ZA7] ) SHelLt At = o
ol3el Tth Qhelut Al 2le] Aol lokH 0w g4t
)= 7014 Hetelel, T el 0] BaAE
YE9a RS Haals A7 W= Arie]. 1]
LH6] Ol M= EA17] 9] qkelLt A4t % Al Alahake:

F SARNLAIM SAHP| CHSAtEILL S2AIBHIES S 22| YS0l| n|xl= I

74REA T, ZF A4 =E7F @ A BPSK B % HFALS: A}
83k 750 el A B4S AEs}eict 3GPP LTE
AlZsslo|u} IEEE 802.11 5:9] Al 28lol A= 44241 o
HU7} 4~87) A= 1185t ok ko 2 JdkE 5G
O EAl A 2"ol A 424 7] QHEl U7t AbEE A
O dAbElt R =Foqi U A A 54
o4 EA719 ket A7t 27 o]kl ThEekEL
FA71E mejst BelAF =YD 7Y 714 A
s}, st 7)) AIQHEl BPSK ¥z WA} 271 o
2 QPSK, 12|11 16QAM Rz W41 A8 490

g BRI

o=

IO, A|A™ 2

B eBoAE B e} st 4 =S Eal
M2 Hlo]El S 2 TRk ofika £ YE YD A2
oIH F7719] QHelU7E 27 ol pel Al aE wEle
ek ofdf 19 1.8 5 9] 42 = (A2 0)9) 5}
el £7) = (B) 2 T4 37he) wES 712 ARy
=92 BuS Yehith 29 1AL 7 A4 e
£ sjte) QHUE AT EA) mEE F Ao et
2 7N ke Awela olek 3 A T2 A
AIZHESE AQ) 7} EAlo) A2 ThE A WjE 2 o)
27 wER dolHE A4l 4 w5 (B)oIH A
o} C7 4 WE| A15E 2415k 57 = B o}
F74 7709 R 9 A g AZHE SAE Al
= JETS IR
EEOALE F7 mEoA AHRels YEYD 21
224 wjebd d=e]3k (XOR) @ALS Tefdict Bs
Hoz ozogrh A 77 A A7k

4 77 59k B35 8 A5 59] XOR A4ke 2 o]
EIEDOE] HAE £ 2= (B)7} AT,
ok 22 B (A O)EE F

¢

}Tl.
Iz
I
i
i
|m
Ho
i
kU
ol
4,
i)
=
o
o

2 N o
=
)
£
po
)
o
=
ol
o

XOR AL tol Afeigo] 2}
A A5 WS dick wet FA) sl
o 5L et gol BAB:

Yp =hyry thexotng )

1439



SN B ELSHS|=EX|(J. Korea Inst, Inf, Commun, Eng)) Vol, 20, No, 8 : 1438~1443 Aug, 2016

BPSK
Node A b Modulator
A
11 eS|
BPSK
Node C b Modulator
.

Fig. 1 Transmission/Reception procedure of the PNC in

A (Dol A =29 QU7 T 7HQl AJAF]
NA yp =y yml & i AA AEHUE S35 A1E Al
3 WEola, b, =[h,, h,,) & 24 =E (AS} C)}
FA B Alole] RA Ad WEE uehdch
ny =gy npl = i WA QEUES B3 FA4 =sofA
ezl 7FAIRE FS ng ~ CNV(0, 07,;) & UERAT
Zy LAYDL b, ~ CN0,02,) 2 Rayleigh E2E
W ETh 7P, A =B 4l gl FH2
FA AE AsE 3 Aok 7P of7]A
me {4, C}ola1, ie{1,2} o]t}

53], 19 12 A4 =59 HHuUrE = AL
FA AIEHFOA = 4 = E7F BPSK RHZERFAS AL
Bkl o A WA A A AT EeE AL CO 5
Ao A= o2 Ad WE & B3l $4 == (B)= Hlo]
HE AEote th5ds 0ol 2 Rl A Y &
Al 74 BojEh

47|14 b, = SAENA Agshs JHUES 1
EFf 1L, @, = BPSK Hl27] 5 S3ket Mg 48-S
ER T, bye 57 lmEo A B35 H 4I5S LERdL
o714 mE {4, C}olch. BelAZ YEYa 2 7|9
o] Ake 7 2 ol A WA WA W AHEL
F7 el A FHE Alsane YEYa 3% 1)

A& e Aot TA B0 A HIEY A S H

=

Joint-ML
y Detector
B

Des

Node B

=2
ty

the multiple access phase.

r
N :% =
=
o ﬁ

ne
i I

»
©
e
K
>

o] AojxH F WA W7l HE AlZF 52
M ZHE AT REE YEYA 7Y

otk T ko)A YEYA IYH v
& A 2 AE A HEY R =
St ==, ol FE UESA 3o
2 7|&0] WAl FYstiet [7]. whetba
Zh s B (A C)oll A 2,49 2 5 ASsIE o
Al = BojA BEE A5l by2RE YEYD I

HAEs ded 385 #5380 13 19
93] e

il

ol
o

B!
A o
>

e

r L)

do o >
=2

o)

TR EFolth T == (B)oA FARE y =

B b,5 A e ohe oAl AR = gk

I, CHEESFZHoA L

3.1, 7Y 25 (Separate decoding)

M H5= LR ANkS g3te] 29 Ad] ¢ =4E
= o83t 4 (DRFE 2,0 v BFE A BT
shz Aol o] 71&2 eald HAle BEshed F
we szl 5o spgo] Aasitt. F aizlS 5o9 &
o 7 B5H j717]2] XOR dAte S8 e A =
FE RS de Utk AF 1= 4 ol e
=°] BPSK M2 5 AHE3H9l& W, £/ =5 B=

Pr(ygle,=1,2,=1,huhg) +Pr(ygle, =1,2,=—1,h hp)

LLR(z,) =log Br

(yB\xA =—1l,z,= 1,hA,hB) +Pr(yB|xA :—1,x0:—1,hA,hB)

@

Pr(yB|xA =l,z,= 1,hA,hB) +Pr(yB\af:A =—1l,z,= LhA,hB)

LLR(z.) =log

Pr(yB\a:A = 1,$C:—1,hA,hB) +Pr(yB\zA :—l,zC:—l,hA,hB)

©)

Pr(yglz,=1,2,=1,hhp) +Pr(yglz, =—1,2,=—1,h ,hp)

LLR(z B acC) =log

Pr(yleA = l,xC=*1,hA,hB) +Pr(yB|:vA =—1l,z,= l,hA,hB)

@

1440



st SAHRNLIM SAHP| CHEEHEILTL S2[AIBHIESRS 29| ds0l nlxl= I

hy=lhy bl e B3 T ARFLE A4
=

247}
ypo FHE A ki 7Pyt £ mEl AA)
SALE AT g0t 87H9] SAM T FRES o] 8-
o] 7t an wE SO MEH A% 2,9 20 LLR
e 4 (2), B)2 B3l At

54 (2= z, 8 BE87] 913 $240)a1, 44 (3)2
25 BEa7] 13 4l0itk 5241 (2), ()M At
H 7t AR v|Eo gid LR #3570 J2s
25 9 R7F 24K gerhd B3 PRulE b9}
b5 717k & 5= k. o2 Yot Zhzte] ]
EE o3 37 mEE vEYA 3YH S A4
ek AR

S},

32, %™ =55 (Direct decoding)

ZIAY oA AT E At tiFEY] A
2moh A7 A A A B 7o 4] 2AyRhe. whepA
FA oA AYanE Folil AXF XA s
FEA717] Q13 7e = A 535 AQHITH8,9]. A
A B59] 7|22 ofolrioli Yukxel AdaEel
AL ol-8sh= Aol of7|A AEdas=e] A

Qe EELE] = 247} 25 3ol Y
=913 39S sk An dEY A 7Y 2 AT
Fol B3 = A gho] e EAL Wk =
912 g WY LLR g thg Aoz 78 4 9]
o 44 @) vEYA 29" A2z, BT B
371 1% S4joleh. 54 (@)ell A AALE 7t R vl
of T3t LLR ghe B37]o] Qleis, B o5} =
A5t ghom YA TPE AL vk P 4
olek. web 47 Bok YEa 29E e o
7] 913 2 we] B& o] Washey. ofeh 2L WA
o5 QPSK, 16QAMT} 2 1Al wlzubAlo] Al
LLR A4kl K53t 7 53 alof uls) Bahe

o Zhaatey.

V. AlZ2|o]d Zat

2 = 7 2B s S R EE 5Sto] A
FaRbE FEF SA UE/ZAA SA

L9 QHE|L 77} 271 o)l v QY S A7
= 13 EYAS U END 295 485H3S 1o
Aee A8 flste] HitE AlEd ol S a5t
At 459 vlaE Q) el A(M)E 2,
4, 167\ = 247} 5of7tiA AlEdo)de 435kl
&17]14 M=2+= BPSK WHZ7|¥HE Yegllal, M=4=
QPSK HZ7|HS YE 11, M=16< 16QAM H=Z7]
e yUehdch £33 Z42he] Mz ueh SA| =
COJ SH| U 75 2, 7] &2 Ee7HA] AlEdol S
AT B3 HoHAE oF e SA7] AL
A HH e Holl SAE HEI BE FH 42
o] Al 78 At g S ABE Boshe
2|24 (nearest neighbor) &3 w412 118591t} [10].
9o F AR B SYAS HEHA 29 &l 4
|EA AL Fold oA Aort M Hde o
(Reff) &) 4452 712 = BER #4553t

I8 22 SYAIS UEHA 2o A8 HES
o4 BPSK Hz27|HS AMESHRS W] SA17] ¢F
gL} 7l 4=of] whE BER /55 Vrebdlith 117 2
5ol A B3 WA mE Ao HlSgh A4
ek 2yt FA 7] SHEV7F 270 of 7
HB5E B EYAS UEYA 29 7]so] 2854
o 7% (Reff)ofl ml3te] 107°2] BER A5 7152
2 °F4dB AE9| 4gsAtolE Hol= RHd, A 7] oF
Hurt47hd wf 71 559k A 5 BF EYAS
HESRA 39 7]&o] A85A] o= 45 (Reff)o] H]
3}o] 10739 BER %S 7|&02 °F 3dB Axo A
SatolE Kot A BRI 4 9lek. ol FA)7] o
Hu 77t S7HeEE EeAS HEHA 29S 4
B5HA] 92 2ol 7H Atk A ou|eit

% 3, 4= FUI UEYA e WMxTH o
2 717} QPSK, 16QAME AHE-51= o FA17] <t
L 7=l wE BER A5& Uehdch HRkdos
BPSK Wz HHAlS ARESE 19 29} w9 FARRE A oF
& Helt}h o] & B0, 11 304 v EL.F 35 10°5
THEA7]7] fl5tod, =4l QMY =7t 47091 ¢
Al SHEU 77 27) L wfel] BISto] of 8dB o] €

o 4 1

1441



Ol

MEtsl=E

SI2E R

il

r

HORR 4+ 918 & 4+ 913 I 4ol AL =L R 2
£ 10°% WEA7]7] 9fstol, 541 ket A7t 474
o A9 AL QHEt A7k 270 ool wskel o

10dB &) A gL Zokat 4= 9lL-9 o 2= glth HE 7|H

of mhE s Aol= YEhA @i, SA719| HEY
M7k 27kl wet 2R AS e A 28 46
3HA| ke 3LA| 7R Beldk 2 Qi) A]Eg|
ol A T 255 Foto] Fus) A o

ARG Al A= BT kA of mhE A% 2fo
719 glat FA719] el A7t S7HEeE YES
A 597)e0] AEEA o2 71 71sel "R 77
A 2 o 4 glek gk Al vz o] ALgE

mlo

F5 AT YEHA 297189 55 4ol =
AT HIEHA 237]E0] HEHA &2 71E 71

ulsto] AshElths 24& o 4 ik

uncoded BPSK

-o-BPSK Rant2 - SD
-=-BPSK Rant2 - DD
—BPSK Rant2 - Reff
-©-BPSK Rant4 - SD
-=-BPSK Rant4 - DD
---BPSK Rant4 - Reff

o 5 10 R 20 25
SNRIdB]
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