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Abstract: Relayed transmission is an efficient method to improve the power efficiency and system capacity. In this
paper, subcarrier pair selection and power allocation in broadband OFDM relaying system is addressed. Firstly, an
equivalent channel gain model for subcarrier pairs is developed for amplify-and-forward and decode-and-forward
relaying modes, respectively. Based on this, a subcarrier pair selection method is given by applying the Hungarian
algorithm. Finally, the overall transmit power is allocated to the selected subcarrier pairs using the water-filling

approach. Simulation results show that the proposed algorithm achieves a higher system capacity than both the
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random subcarrier pair selection and uniform power allocation scheme.

Key words: Relayed transmission; OFDM; Power allocation; Information theory

1 38

TETL M Zt b, R h kAT (L B 7 ot 5 & R4t
A B DL T RENE . WL 4k 75 XA PR —— AR 4K
FIAEFAddk: 7EIEF A2 H 4k (non-regenerative) 3 H1,
A AT M BOR YRS RS 5 IR IR S BT 5 AR
Az 14k (regenerative) /7 A HT, H AR AU MBI AT S EAT
AL I T g A ) % I i 2 AR A T R B R
JEOKHT M) (Amplify-and-Forward, AF), 143 4k R A iR
1317 7] (Decode-and-Forward, DF).

WTAER, LB F ST T WA R YRS fOF P gk i ]
SHLThE, LA S R G s T R E b P
IXLERT AR W TC 2 A5 T4 T3, SRR AR RN B
LA ARG, FHEER ORI PEER . EAH
A (OFDM) e AT R AR R 6V, TR e
6000 2 Rl e A R = 75 O S g A ='W 4 oy LR 24 NP P
TR G T P IR, DT 8 e T DRI ek B

2005-07-11 Y2 F|, 2005-12-26 24[A]
R [ AR B2 3 4 (60472079, 60572115) FI 20 H #5118 12 45 3L 4
(20040335099) 7% Bl i

FEATCRMAT S BT, AR Pk R g, Wl AR
OFDM AL HH7 A, B A48 s (KA1 3 T LLEL
ol AR AT S R R AR — A R LR S
OFDM 4k f5 T 1) 25 8 B g T rp 485 B3 0] (18 77 5 (1A
Lo F BT LRI DA HEHEG o FRT, X5 IR TSR I
R

AT —Flr OFDM Hr 4R {538 H 1 4k 1 BT i %
FU ARSI o 156 53 VBT RS P A o 4k R i A v 4k 9 ol
BES, Pt gk 7 BB A RUF I 2T AR AR S A
T 1 2 AT I P 2 A4 10 80 28 R SVE AT rh 4k BBORT
$s IR A R TR NAE I Y (1 2ons o AT D% 231
M 21 5 KA TE A H 1

2  OFDM Hék R GiE A

K 1454 T OFDM H4kRGMBER, S, R, D4y
SRR YET A, AP 4RAT A H 1Y s B2 M#RLL OFDM
Jr sRBAT AL, A KA TR, A TH w2 we.
kAR R AR 1R, B T K AT
BRIBAE B AR SR E I 5 58 2 IR, X A
HRAT A — AN, P8R R 1 N EIE TR AT
ddk, gy nT DU AR s gkl AR AR R 4k



266 mFr5F B %R

EDIES

e

B 1 OFDM "4k RGuMH

A HE, HP, HP 5 Zos s sh 4k s, HEH
B, T ARE H T S T kR R, Rk
JES RN R ] DU I — o 1 AR 1T X 5 1l
G ACBBRAREBNIREISH, Xk Eind 72
FIEARFEAAE . PRI B Ay 5 PR RO 4k T
k BTN, ap,, =1 LoDk S0 780K kA& 4005
W ETFREB R LIER, S, AT (k) BE
B

B IR Rk B B ok BT R R B AE S B
KPR S E RRE ST B KA I (Maximal
Rate Combining, MRC) . 7EIE R4k =0T, 80X (4,
k) A s iy P

1 P HP

R/fk‘(P/f:P/g) = §W10g2 [1 + kVUQ

PSPRHSEHEY ] n

+ -
(P H + PH +0%)
Horft 1/2 MRS 1AM R IOFER T B 2 NI T T

esbtrst, LA
R,(B*.BS) = ;Wmin1log2 [1+ ]

S 7rSD RppRD
log, [1 + L + Lt ]} 2

S 7SR
PSHE
2

2 2
g g

Horpr o S 4 LI A Th e, 3K FELABLBE YR ORI H 4R R
BT 2 L R P D R

AR SCRIE G Q] A 396 5 3 11 4R RS LA K e K
BoTE U vEs M SR S e = o S P RS SN NS 2 ey
HIEE . AT LAY . A

K K
SRS R =P )
k=1 k'=1
K
Z ak:,k:‘ S 17 Vk (4)
k'=1
K
ap <1, VK (5)
k=1
a,, €{0.1) (6)

MART, mRib
Zaktk‘lek'(PkRﬂplg) EZ; Zaktk‘lek'(PkR7Pk€) (7)
k! k!

Fp B PRI RAR, K (4)MA(5) 73 M RIE T

ZRT R 1A TR 2 R BE AR AT 1A T ERIAE
SNARIEAT RO 1A B 2 HRER P R P K 1A

3 FHERMEFHEEEE

KAk vl By AN P ER S A AT RO
MR PRI A IE I R, AR5 2% R ] B P 7 8% O FLKE A
ThAEAN L BN BMT o T Py (5 T 5 4 Bic ] LA
ik H: 45 B+ Pf = B, AR KA R (B, PY) i
RP.(PEPTY, b P, TSN AR (ks k)BT,
3.1 EBEFHEAR

SEFAR AR R, e () AT

S r7SD

1 P H)
AR W o 14
g

2

(®)

PIPRHFHSP

0_2 (PkRH],{”J + PI;’HZIC)
SRJE R Bk B SRy vk, AT 4930220 (8) I8 Bl AL I,
B A PR o, 4

B =Py

H? < HFP I, 1” 9)
Bl=——P,
1+n ~

o
- HEPHF? + B \JHSPHTY + HSRHEP — HSRHSP
HHE — HP)

(10)

S

Po =P,
%HﬁZHFN}k; S . T
"

TR (K, )RR 2

. 1 B,
BB = sWlom 14+ 250k
Hor
HP (' + HE”) + B psp e
’ k' k
" = (L) (Hn + H{) (12)
HP, , HYP > HP

TP (ks K )TEARF A4 R SRS Y 56
BARSCHR[B) 25 T — N0 R H 20 (8) JEAT 1 A ) e A
DI TR, AEJE MO I 45 10 TEVEHE H 46 38015 TE 14 2 A
R, AR SR T 2 (8) F AT LG 5 ) 2 (12) 1) A5 25 A i 3
Fs o PSS AR 2 0T ) S5 2001 T 1 2 AT B ik
PELL R R TR AE A LA i R, X (8) ik
LR e e L N AR v, DR (9) I Th R A e 45 RAE il
W L T OE T F B TR BeAR, MIEARERRLL T, ATLLA
H () FME T — IR B fR
32 BEPHAN
DO R R 7 By W I O 11 D2 N ST = R & X
B+ Bl = P AR T KM RD (PSP fafi 1)



F24

OFDM H 4k R GE 1A H 4k SO0 2 PRI T 33 i 267

MHY <H, HP <HT,

HED
= RD = s D

HY +H—-H) R .

St WAEERR T
R k.v - ]‘,V
= P

k kk

HF 4 gF gl
Bl =P . ; . NPT,
pr O'OQﬁ%%,%ﬁﬁﬁEH%%ﬁwwﬁﬁﬁﬁ
[

U PP AR R R B YR R R Y ] R £ TE
FoR I, AR S A kAR SR i A R,
A Sy i J5 2K Ao B 28 4l o0 e 1Y 1

[,y DL 3 A 4805 R 730 (ks &) K5E
WUEER A

RD r7SR
R N
H= [ B + B —HF (13)
HSP, oAty

T8RS (ks k) B AL A

1 By
&ﬁmum0:5Wb&@+ - Hip

g

4 HGRFHIFRIRERINER S

AT TP BB, R
R GIpviEe SE St = w5 A ol = R Y e B <t e B S N o= 3
W (L, O
RIS (12) PR (13) M52 R 26O, AL
R (3)-R(7)FTLLE S
(ER (4)-R (6) & 35 Py = P IIAHCF, AL
k=1 k'=1

Zak?k'RIfk'(PI.:.k‘) 17 Zak?k'RIfk'(Pk.k') o drp R;jlk(PAI.) A
k! k!

Ry (B o) 23 AL R (14)

A A BRI — N R 2R AR AL B A R e, Fodpe
Yo AT L 55 38984, AR (4)-N(6) AR, Brfiml
REMI TR G T A K Bl XTI ARe ) %, &
B PR TR RE ORI K A TR LT D%
SrI, TS EMRAA L, ARJE AR AR A R K 1
TRASTHPR AL ETT 5 TIRVERIVH IR EREH T3
H K AR TEsE DRI HE DLAE SR 28 48 P A5 21 SE N 1Y
I o AR ST ol AL K1 BB I BN D A BE S
—— B A N I BN B 7 ) & 43 T 4 7 (Dynamic
Selection and Dynamic Allocation, DSDA).

[EP 8> S RN PR 2 g i B S P
P, =P/KNEVE , dia(11)skaR(14) /LTS & AT
PO AR A . SR, TS T RO AR O
TE, DRI A A e A B ek 38 B K BBt B 6 I

b L AMRIR I, FTLAE L 44 106 4 RS Sk
T (ks b i, A2 008 R SV TE 4 SR T B X 17
T SRR AR PPN BRI K B T R ALK DA )
B, P apnt (k. k) Lo mBIThE A

2

n
A _|ya_ @ D
P;cl\ - [)‘ N ] P Kk

9 +
U (15)
D
%J

a
ik

o 2 = max(z,0), HKL AR AP
N

=P (16)

.

K 2 K 2
M- | =p, pp——

Z{ H Z;[ HP,

=1 ik,

AR TR R IIR B WA 3 3T
DSy BEBIETT s R R s AT Y Tk b

WER I, IR A R R LB T B A
KT VE TR G T SR AR Dy oy e R A A
TR HR, TR T — NI AR,  RNAE T,
1Y) T # 03 TC AR BT BRAS 1K B 0 T 380 20 G MR AR
NCESRUEA R EERA, L a A R e TR
R T T 2 R A B I s A T R 4L B TR Y s
R . 7, AFFEKH B T o) Bl 1) i H 1
TR, B T AR A

0T HATYERELEEL, [ 5 th e JURD - xR R
TR BOH L

B T PO 1 B R ] 8 ) 26 4) I ¥ (Dynamic
Selection and Fixed Allocation, DSFA): s D34 gy
TC BIYETT mUR E T RS T, B0k B AE
WHEHN: BE = PS =P/@2K), Yk, Rt 1)
(2) A TR ERETE A, TR & 7 R AT

B HL T 300 X 16 B B 7 T % 4y B 5V (Random
Selection and Dynamic Allocation, RSDA): Ff#LZEREH 4k
FEEOT, # BT K ((15), (16)) /AL RERE H
KT, TR 2 3 1 R o B VAR T o
T LI 26 43 BE BV s FH P 40 R A Y 48 b

B AL B0 % 16 B A [ 52 T R 4 B 5V (Random
Selection and Fixed Allocation, RSFA): FfALIE R+ 4k 14
WXT, I AR )23 7y B B sSF i 4oy S &A1
Wk b, B BY = BS = P/(2K),VkE .

5 HEME

iR, BREEREHFE L 5HE 4 WERE
L=d™", /WNREZEHEBAN =4 Rayleigh 3%, S42Ih%
MR ANFE B, NHE B ER ML . R 52
1.25MHz, FEPEEH K=64. BB G TA445(0, 0)
P, HEW ST (L, 0), gkt s /my sty Hig
RO IE T T8N, FOREARPR o fF 0-1 200, Akt y
7E-0.5-0.5 Z[al. AELr, P55 2 H 17 AU F 5 g b



268 5B %k

529 25

e

R 5dB, “FIMEEA RN A 100,000 METEEE
FEARIRAS .

2 25 T R 4R s b TS R B AR SOV R 1
AR, HAE 2(a) B0 HEFE 48075, B 2(b) BEXT
Aerpgk oy a0 B PP R R HE OFDM 144, JF HoRHTE
AT 53 FC R TE A5 5, T8 DSDA SRR 15 1E
e NEP R LUE , SR P kAot Bt T 3has 780k
X PRI T Z )3T 3] A E A A B R 2 R
TAN, G A TR AR EH T S R AL E R,
TE 7 R AR TR B, T FLUIN A gk SRS A I 2
I AR E AT Ak

=}

A i et
(bit/(s-Hz))

05y
OF B SEy (b) A 2,
Bl 2 vk Aoy AN [ () 4017 T 7

P& 3(a) R 3(b) 234t 24 4k 40 T35 s R H 1)
RN ERT, ST B DA Ay Bl SR I
RELbA, P REARARR R TR gk U I R M EE S,
ZHL NFRRED: OFDM &4 R i /K Ih 23 (DA)FI
[i5] 52 ThA L (FA) I R RE . MBI AT LG, dkALa b
HEAL A B M A R R, 1 H DSDA HILM G E A =
L 3Gt 3 PRI R IE A RS ZR, IXJ& T DSDA Hik7
AR TG TEAS BIEAT BN 46 F B BRI D) 23 40 I
H T DSFA F) A4 2 R B30T e U 3o 1648, RSDA
FEEFE RT3kt AR WA T B s R i, [
AT AR T %A A G E RS G RT3 A T8
PRHEPR T M E RSFA 5k, H4h, DSDA &kt
RSDA Sy WA WSSl A e, Bk, 8 sepz R o,
W2 BEAR 52 2 BE R BR ), T LA L&A R x4 R 4
HEAT 4k 8 ot 1B £ RSDA .

2 2.3
i
KN
3“3!,;,1'6
EL
KE12y
H_v

0.8
01 03 05 07 09 01 03 05 07 09
d d

(a) JERF 4RI

—2— Direct DA
--8-- Direct FA
—o— Relay DSDA

3 FR kT sl T ORI R 2 DL B PR T A

(b) AP AETT A

--0-- Relay RSDA
—v— Relay DAFA
--¥-- Relay RSFA

6 LHRIE

HAEP AR OFDM HACKEA KN 5T Ad
hoc AL TGE Mesh MIZS AT ECRIIN ], H ATIEEAT XS
OFDM 4k A% iy R G A ROIG2k BE I  E SN o A SCAE 20 H
T ARAL A ZR G YR T RURTHR AR AT TR R 0 D) AR )
)2 J5, et T —Rhsh A h 4k BB R D # ) IS
o BB RRY], ASCHTHRKI S0 1 BB M)
FOPRCAE S e UM A L h 4k R G A BN .

& % 3 M

(1]  Nabar R U, Bolcskei H, and Kneubuhler F W. Fading relay
channels: Performance limits and space—time signal design.
IEEE J. on Select. Areas Commun., 2004, 22(6): 1099-1109.

2] Laneman J N, Tse D N C, and Wornell G W. Cooperative
diversity in wireless networks: Efficient protocols and outage
behavior. IEEE Trans. on Info. Theory, 2004, 50(12): 3062
3080.

[3] Hasna M O and Alouini M S. Optimal power allocation for
relayed transmissions over Rayleigh-fading channels. IEEE
Trans. on Wireless Commun., 2004, 3(11): 1999-2004.

[4]  Zhang Q, Zhang J, and Shao C, et al.. Power allocation for
regenerative relay channel with Rayleigh fading. in Proc.
IEEE VTC 2004-Spring, Milan, Italy, 2004, 2: 1167-1171.

[6]  Zhang J, Zhang Q, and Shao C, et al. Adaptive optimal
transmit power allocation for two-hop non-regenerative
wireless relaying system. in Proc. IEEE VTC 2004-Spring,
Milan, Italy, 2004, 2: 1213-1217.

[6] Han Z, Himsoon T, Siriwongpairat W P, and Liu K J R.
Energy-efficient cooperative transmission over multiuser
OFDM networks: who helps whom and how to cooperate. in

Proc. IEEE WCNC 2005, New Orleans, USA, 2005, 2:

1030-1035.
(71 ufisegn . 580N, bt S8 AL, 2004,
159-162.

8] Kuhn H W. The Hungarian method for the assignment
problem. Naval Research Logistics Quarterly, 1955, 2: 83-97.

REE: B, 1980 4, LA, #F5UTRA OFDM R HL
LEBIR AL A .

JRWIBH: B3, 1973 4EAE, B%, FEWIOT MO SRTEAN. Tk
TfE. T

Mo . L, 1982 4R, fERE, BSOS RS MEETE. LLR

Pl B, 1944 AR, HaR, ARSI, BEOHSUNR6E

Rt 5. TLH i,



	OFDM中继系统的中继子载波对选择和功率分配 
	 
	1   引言( 
	2  OFDM中继系统模型 
	3  子载波对等效信道增益 
	4  中继子载波选择和功率分配 
	5  数值仿真 
	6  结束语 
	参 考 文 献 


