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ABSTRACT

In this paper, we propose a practical time-division half-duplex Estimate and Forward (EF) relaying protocol.
The conventional EF relaying protocol works well only when the relay node is near the destination node. The
proposed EF relaying protocol, however, determines adaptively relay parameters such as the quantization level of
relay node and the power allocation between source and relay nodes according to the channel conditions. By
doing so, the proposed EF relaying protocol provides low probability of bit error even when the relay node is
far from the destination node. Consequently, the proposed EF protocol is suitable for the mobile relay systems.

It is shown by simulations that the proposed EF relaying protocol shows lower bit error rate for all relay
positions than a conventional EF protocol.
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Table 1. Operational parameters at the relay position 0.7

Relay position: 0.7
EbNO[dB] P tPg th
-0.6 0.8710 0.7045 0.2130
-0.4 0.9120 0.7395 0.2168
-0.1 0.9772 0.7950 0.2225
0.2 1.0471 0.8550 0.2277

E 2. o] 8x71 0.8 w9 EF o] A|xEle] F=}
T}ejre

Table 2. Operational parameters at the relay position 0.8

Relay position: 0.8
EbNO[dB] P tP th
-0.7 0.8511 0.7395 0.2692
-0.4 0.9120 0.7950 0.2749
-0.1 0.9772 0.8550 0.2802
0.1 1.0233 0.8975 0.2836

E 3. 2elo] $137} 099 we] BF Lelo] Axvle) FA
she}ele]

Table 3. Operational parameters at the relay position 0.9

Relay position: 0.9
EbNO[dB] Bivect 2% th
-1.0 0.7943 0.7370 0.4683
-0.7 0.8511 0.7905 0.4827
-0.4 0.9120 0.8480 0.4960
-0.1 0.9772 0.9095 0.5095

& At Ciougn (Pg) & AFSRE 730l i
Ry 32 Ael7h 24 952 & 5 ek w=t
A ARES AHskE "elo] AlxEle] Al
& SNR delld 7 AAo] o] Fofx|mz, 4
@)Z1E] 2He] elo] T sehlels AT
T Cop(Py) = Cug (Pg) & AFSRE 280}
ad 9ell= Helele] #1A7F d=0.959 d=0.5
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Fig. 8. Achievable rates of the proposed EF relaying
protocol compared with the upper bound on relay channel
capacity and the direct link capacity.
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Fig. 9. Achievable rates of the proposed EF relaying
protocol with respect to the relay position d.

] "olA gl Zd-tells Ak 71l Bls £
25 H

u
o,
ol
oX
¥
[{iin)
2
2
£
=
&
2
e
X

N
L
flo
>
w)

Asprz, deole] A7} pal=ellx eix|riet
= ofEd oA AsE BolA =t

a5 119 AkE A& wle]F EF Ho]A]
23} 712e] A& whe]F DF "elo] Alawe]

EF Relaying with Turho Codes
T T

RN K
L —%— Proposed EF, d=05
B Y SRS IR —#&— Proposed EF, ¢=0.7 |
~ —&— Proposed EF, 6=0.8
~ —5— Proposed EF, ¢=0.9
e <2 —B-—EF in[], ¢=0.7
—+—EF in[3], ¢=0.8

—+ —EF in[8], d=0.9
— ——Direct Link

0s
Eb/ND 48]

3% 10, AlsF EF delo] ZREE3} 7|29] EF deo]
zz e BER A%

Fig. 10. BER Performances of the proposed EF relaying
protocol and the conventional EF relaying protocol

www.dbpia.co.kr



i) AlEE el 4 F AR "deo] Alag A

B —&—EF, =09 []

............... AN =08
........................ il
—7— =05 f§
—&—DF, ¢=09
—&— =08
—+— 07|
T = =06
-| ———Direct Link []

Eb/ND (4B}

T2 11. AR EF d9¥e] Z2 %23} DF dylo] Z2E
2] BER A%

Fig. 11. BER Performances of the proposed EF relaying
protocol and DF relaying protocol

BER #J%-2 u|wslelch DF ddlo] Zreze| 7
o= Fellolrt A= FAlEe] T Sl
W& AT TP FE ATE Bole AR dEA
Al aglelld m%o] DF ZREZFO| A5 7
2ol FA Fg=m, Hyele] 97t *Ju?oﬂﬂ
Holzx] d=0.7 °o|sl} =¥ DF ZEEZFO] A

5°] EF ZREZHr} 9538 o 5 olrh °1£
deole} zro] Ldole] A7} FAIR W= 7:5‘

$ollt= A2lol] 27 #9517 SFEE AL EF =
EEES A831E o] DF ZEEZe AMgdlt
el wlal ebdele) & 4 gl

=) HHOﬂ ghal] =2 ASE
S Helth= %*é:% 01%6}04, L
ol & Al AlsAe] HAHE 7| =2 A 3
Asle] RD AES 757 AR M = 9=
/‘HEO aﬂ ] 011 ]/\Eﬂ UtﬂO .7—/\4-5]_031;]_ o]
5 7Mke g A]Eg Hbo|F EF ﬂaﬂo] TR EZ
A 7s3E ASE AS AEA frEskder, Al
FA oIzl Aol ofshd AHFE<] SD AEF} RD
Ao Al W 45t defole] Wz W] o
o nee B :

A 2 AT Yelole] wx wel met

ok

AR o1F B Uelo] Alel B e

552 HdselEs deels] FAs d 2 £
A Gelole) A Bl Adehs AES
Acksigick, A B e=weldl Akl delo] 2t
e szl wels BF Welel WA} 9o, 9
flelel sk st Aol Aol e
QRS Balh olo] wjeh & =¥l Ak B
e o SIA AR ek ol Yelololw 4

P8 Aoz wekwcy

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

0
iy

me

LR

E. C. van der Meulen, “Three-terminal
communication channels,” Advanced Applied
Probability, vol. 3, pp. 120-154, 1971.

T. M. Cover and A. E. Gamal, “Capacity
theorems for the relay channel,” IEEE
Trans. Inf. Theory, vol. 25, no. 5, pp. 572
-584, Sept. 1979.

M. Gastpar, and P. Gupta,

strategies and

G. Kramer,
“Cooperative capacity
theorems for relay networks,” IEEE Trans.
Inf. Theory, vol. 51, pp. 3037-3063, Sep.
2005.

A. Host-Madsen and J. Zhang, “Capacity
bounds and power allocation for wireless
relay channels,” IEEE Trans. Inf. Theory,
vol. 51, pp.2020-2040, June 2005.

A. EI Gamal, M. Mohseni, and S. Zahedi,
“Bounds on capacity and minimum
energy-per-bit for AWGN relay channels,”
IEEE Trans. Inf. Theory, vol. 52, pp.
1545-1561, Apr. 2006.

M. Khojastepour, “Distributed cooperative
communications in wireless networks,” Ph.D.
thesis, 2004.

C. Ng, N. lJindal,
Mitra,
and two-receiver cooperation,” IEEE Trans.
Inf. Theory, vol. 53, pp. 3822-3827, Oct.
2007.

A. Chakrabarti, A.

“Practical

A. Goldsmith, and U.

“Capacity gain from two-transmitter

Sabharwal, and B.
Aazhang, quantizer design for
half-duplex estimate and forward relaying,”
IEEE Trans. Commun., vol. 59, no. 1, pp.

74-82, 2011.

231

www.dbpia.co.kr



k= 2418} 3] =1A] *12-04 Vol.37A No.04

[91 Z. Liu, V. Stankovic, and Z. Xiong,
“Wyner-Ziv coding for the half duplex relay
channel,” in Proc. ICASSP, Mar. 2005.

[10] M. Uppal, Z. Liu, V. Stankovic, and Z.
Xiong, “Compress forward coding with
BPSK modulation for the half-duplex
Gaussian relay channel,” IEEE Trans. Signal
Process., vol. 57, pp. 4467-4481, Nov. 2009.

[11] R. Hu and J. Li,

compress-forward  in  user

“"Practical

cooperation:
Wyner -Ziv cooperation,” in Proc. ISIT,
2006, pp. 489-493.

[12] W. Chang, S. Kotagiri, J. N. Laneman,
S.-Y. Chung, and Y.-H. Lee, “Compress
forward relaying over parallel Gaussian

channels,” in Proc. Comp. Adv. Mult-Sensor
Adaptive Process., Dec. 2007.

[13] D. Marco and D. L. Neuhoff, “Performance
of low rate entropy constrained scalar
quantizers,” in Proc. ISIT, June 2004.

[14] T. Richardson and R. Urbanke, “The
capacity of low-density parity-check codes
under message-passing decoding,” IEEE
Trans. Inf. Theory, vol. 47, no. 2,
pp.-599-618, Feb. 2001.

Ok
re

3 (Inho Hwang) A3
2009+ 24 FJehEtal kA
7183 At
2011 29 Fetelistal Ak
7183 Mt
20114 3¥-~2011d 129
KETI

2012+ 1¥9~31A4 LG CNS
<FAlFol FAEA EAIXAE AHHo|E

& X ¥ (Jeeyoung Kim) A3
20119 29 Febuista AR
7183 At
20119 39~&A ST
A7) g A
<ol FAEAlL, SAIA

8, AnolE

238

Ol & 2 (Jeong Woo Lee) Zx13]
1994 AEgtaw H7]3-st

3} 3}

1996 Aeistal A17]g3h
3 A2}

20031 University of Illinois
at Urbana-Champaign, Ph.D.
in Electrical Engineering

20031 ~2004d  University of Illinois, Research
Associate

20041~ A Gt st A7 FE - S

<Al SAAEE, eRAANE, AEO|E

TAEAL AlEAE

www.dbpia.co.kr



	시분할 반이중 추정 후 전달 릴레이 시스템 설계
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 릴레이의 양자화 및 송신국과 릴레이의 전력 할당
	Ⅳ. 수신국의 신호처리
	Ⅴ. 제안하는 EF 릴레이 프로토콜의 활용 예(M=4, L=16)
	Ⅵ. 모의실험
	Ⅶ. 결론
	참고문헌


