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Abstract—Owing to its spectral efficiency, bidirectional re- [10], and that for symbol error rate (SER) minimization is con-
laying is a promising candidate for information exchange in sidered #] for a single-relay network under Rayleigh fading.
multiple-user cooperative networks. When the network is In- 1, 16] optimal power allocation based on outage minimization

ited by resource constraints, amplify-and-forward (AaF) relay . S . .
protocol is often the choice due to its simplicity and ease of subject to total power constraint is studied for multiple-

use. Power allocation for AaF protocol has being extensivgl €lay networks, where relaying is performed by orthogonal
studied in unidirectional relay networks but how it can be relay channels. Zhaet. al. [7] compares between optimal

implemented in two-way multiple-relay multiple-user networks  power allocation by maximizing the instantaneous mutual
has yet to be addressed. In this paper, we consider the adapéi  ,ormation and selecting a relay which provides the maximu

power allocation in bidirectional AaF multiple-relay mult iple- d-t d SNR i ltio] | t | ltio|
user networks. We show that when the multiple-user interfeence €N4-10-€N In a mufuple-relay system. in multiplefuse

can be removed by a robust channel assignment algorithm, Setting with time-division multiple access (TDMA), Phan
power allocation by maximizing the instantaneous sum rate 0 et. al. [11] allocates power in single serving relay networks

minimizing the symbol error rate can be suitably casted as a according to several quality-of-service criteria, andniyi
geometric programming (GP) problem. Simulation results slow  ,ngigers the admission control problem. For bidirectiona

adaptive power allocation by GP outperforms that of equal paver . . .
allocation scheme particularly when there is a single serg relay, AaF relaying, power allocation has been consideredLEH

and the gain can be as substantial when there are multiple seing  [15]. In [12_], power allocation aims at maximi;ing the average
relays. sum rate in single-relay networks. In a similar setting3]

further considers allocation by minimizing the outage prob
bility in Rayleigh fading channels. When there are multiple
Cooperative communication is a new paradigm in commeelays, power allocation according to design rules such as
nication theory which is envisioned to bring forth signifita maximizing the instantaneous sum rate or minimizing the
improvements for both WiMax and LTE-advanced mobileutage probability are studied in4]. In multiple-user single
systems J]. By relaying the same message over multipldaF relay networks with either TDMA or frequency-division
independent relay channels, the diversity order of the eedsu multiple access (FDMA),15] considered power allocation by
can be increased to combat fading without any significantaximizing the upper bound to the instantaneous sum rate.
increase in the cost and size of the mobile urd}, [[3]. In this paper, we consider the adaptive power allocation
Although unidirectional relay networks, i.e., one-wayasghg, in bidirectional AaF multiple-relay multiple-usemetworks.
has been extensively studied with both decode-and-forjdrd Although the sum of harmonic mean functions from multiple-
and amplify-and-forward (AaF)4]-[7] protocols, it is spec- relay multiple-user networks is often a non-linear nonvenn
trally inefficient when relaying messages in between thesuséunction, we show that when the multiple-user interference
[8]. The groundbreaking work by Shannon on the two-wagMUI) can be removed by a robust channel assignment al-
relaying channel, i.e., bidirectional relaying, if] [bypasses gorithm such as the orthogonal frequency-division mustipl
this problem and ensures that the two-way communicatiascess (OFDMA), power allocation by maximizing the in-
between two users can enjoy improved spectral efficiensiantaneous sum rate or minimizing the asymptotic symbol-
compared with the traditional one-way relayir@). [Despite of error rate (SER) subject to total power and individual power
the many proposed protocols for relaying, resource allocat constraints can be suitably casted as a geometric progmagnmi
such as power assignment is one of the most crucial aspec{®P) problem 16], [17] which can be efficiently solved by the
the cooperative communication due to the stringent regouonvex optimization algorithmifg]. Simulation results show
limitation and the unpredictable nature of the wirelessiomed adaptive power allocation by GP outperforms that of equal
Being the simplest and easiest form of relaying, powgower allocation scheme particularly when there is a single
allocation for AaF protocol has been extensively studied serving relay, and the gain can be as substantial when there
unidirectional relay networks 4], [6], [7], [10], [11]. Power are multiple serving relays in the network.
allocation based on both signal-to-noise ratio (SNR) maxi- The rest of this paper is as follows: Section (Sel.)
mization and outage probability minimization is considkie describes the system model, Séi¢. outlines the power al-
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locati blem b imizing the instant te, Users
ocation problem by maximizing the instantaneous sum rate, i phase | Phase 2 |

Sec.lV outlines the power allocation problem by minimizing K" [ S, >R's I'R—=S.|--]]"R—S[-] I"R > S,,
the asymptotic SER, Sed/ evaluates our adaptive power (K-1)" [Seiy = R's|I"R =Sl - [i"R— Sl -[I"R— Sy
allocation schemes and compares to the equal power abocati : : : : :

scheme. Finally, concluding remarks are provided in S#c.

K" S;—R's| I"R—>S, | --|j"R—=S,|--| I"R—>S,
Il. SYSTEM MODEL - -

The system model for theth pair of users in bidirectional
multiple-relay multiple-user network is shown in Figy. We
considerK pairs of users for a total K users. Each pair
of users communicates with a fixetl number of relays for Time
j=1,2,...,Jin half-duplex mode. Each user within a pair 0fjg. 2: The OFDMA channel assignment scheme for the bidi-
users communicates in a two-phase transmission. We assyfi§jonal AaF multiple-relay multiple-user network emyita
all active relay$ to transmit in orthogonal time slots in a ; relays.
predefined order according to certain rules, and we further
assume that there is no MUI in between all of the pairs of
users. For example, Fig2 illustrates the channel assignment
with variances modeled according to uniform path loss, with
a path loss exponent. Let variablesdy;; andd;z> denote
the distance between the pair of users to fttrerelay node,
then we haver;, =7y, = d; ] ando, =7, = d;5 for
channelsh;; and g;;, respectively. We assume the channels
to remain static during the entire phase of the multipleruse
relay communication.

The active relay then scales the received signal energy
according to the instantaneous power scaling (IPS) rule and
forwards the message to both sources in the second phase in
accordance to the AaF protoc@]] The received signal at the
two sources of théith pair of users from thgth relay can

Fig. 1: System model of théth pair of users for the bidi- now be written as

rectional AaF multiple-relay multiple-user network. A paf  ys,, = \/PrjPs.s Pk 9k BriTra + \/ijPsklhijBijkﬁL

S,—»R's| I"R—S, |- [j"R—>S, |[--]| I"R—S,
1 S,—R's| I"R—=S,,|--|j"R—>S, -] "R—>S,

Frequency
¥}

users consists of 2 sourcé’q‘n,% = 1,2, J relays, and there \/ﬁjhkljﬁkljnkj Y s,
are a total ofK pairs of users in the network. )
YSia =V PrjiPsyy 9jkbii Briin + v/ Prj Psy, 975 BrjTra+
V PrjgikBrjnig + ns,., (2)

scheme employing the OFDMA fof relays and2 X' multiple
users. In the first phase, both sources frométtiepair of users where P,,; is defined as thgth relay power for thekth pair
broadcast to all relays simultaneously. The received sigha of users,ng,, ~ CN(0, 07215 ),i € {1,2} is the CSZWGN at

i

the jth relay can be written as the source with variance>_, = Ns,,. The second term in

_ 2) is the self-interference which can be removed completely
Yri = V/ Py i i1 + / Psa 9Tz + g 1 (@
! me w2 ! since the source knows the data sent. For IPS, the square of

where hy; and g, are the fading channel gains betweethe scaling factor i$5’§j = 5 ‘hkvals T PTN
k1 J k2197 J

Sk and thejth relay and betweerby, and thejth relay,  \ve now perform the maximum ratio combining (MRC)

respgctlverPSki,i e {1,2} are the transmitter source POWerSg heme 4], [6], [7] at the pair of users as follows
xR i € {1,2} are the transmit source symbol normalized to

unit energy, i.e.E{|z:|?} = 1, andny; ~ CN(QaELk_j) is J V/Prj Psyy e 51 Brj
the additive complex symmetric zero-mean white Gaussian 25 =) (Prjlhi; |22 T DN,
noise (CSZWGN) with varianoeflkj = Ny;. The channels are ' !
assumed to be independently distributed Rayleigh flat tadin z‘]: V/ Prj Psy, Ny, 951 B 3)

ZSe = 232 YSya

1By active relays, we meant the set of relays that are invoiwddrwarding j=1 (ij |g] k| ﬂkj + 1)N0
the information to the destination which may not necessaetery relay N . .
within the entire network, but can be either a subset of elay a single  Where(-)* denotes the complex conjugate operation, and we
relay depending on the relaying protocol. have assumed that the noise components are independeahtly an

“This assumption can be realized by developing a robust eharssign- identically distributed (i.i.d.) CSZWGN with common vaniee
ment algorithm such as the OFDMA, or hybrid TDMA and FDMA sotes No i N = N — No. F he MRC i h
which can put multiple users into orthogonal channels togate MUI. The /Vos 1€, Nij = Ns,; = No. For the RLn 8), we have
development of such algorithms is beyond the scope of thigmpa assumed that both sources can obtain perfect channel state

ySkl 2
j=1




information (CSI) and the CSI from the opposite source can Be Single-relay Two-way System
acquired through an error-free feedback channel. Substitu

Br; into (3), the end-to-end signal-to-noise ratio (SNR) theﬁ1 For this paper, we may simplify5k~(8) by assuming that

ere exists a single relay that is used to serve multiplespai

becomes , y of users then the objective function can be expressed as
K
Y1 = D Vkj1, andyka = > i o, (4) 1
; ; > 5 {08z (14 k1) +logy (1 + 72)}
k=1
) Prjvhy, . PsioYaip _ o e e
where Tkjl (ij‘i'PSkl)'Y}]z,kj+PS,C]2'ngk+1 and Tkj2 = > 11 _ 11 —1 -1 9
ijPSkl'thj'ngk th I d t d SNR - Z 2 082 (7/@1’7]@2) - Z 2 082 (/ykl /YkQ ) ! ( )
Pars i, T (Per T Py 7 71 are the per relay en - 0-en . P Pt
The variablesvj;,i¢ = 1,2, can be approximated as a h Pii ¥y, Psyoors
harmonic mean of two random variables (r.vs) at high SNRM€™® 1 = gps v, # P i1 k2 T
[4], [5], i.e., ;222 for r.vs 1 andx,. For the SNR terms in i1 Py Yy Yo, The above objective function

2 Py Yngy T (PeatPsyy ) gy, +17 S
@), Yn,, = % is the instantaneous SNR between the sour€a@n be turned to an equivalent minimization problem that can
’ . be solved by geometric programming (GR)], [17] with

: _ lgel® ;
S and thejth relay, andy,,, = No 1S the instantaneous an efficient convex optimization algorithm such as BéX

SNR between thgth relay and source. [18]. Transforming the summation into tHeg,(-) argument
as a product inq), the equivalent problem in5[—(8) for

ll. POWERALLOCATION BY MAXIMIZING single-relay system can now be stated as

INSTANTANEOUS SUM RATE K
min H 2k12k2 (10)
. . . . {Psyy+Psyo Pr1} ;"
Assuming all relaying are performed in orthogonal time k=1
slots, the optimization problem to maximize the instantarse S_t_(Pkl + Py )Uhas + Psia Vg +1 <z (11)
sum rate in the multiple-user network can be formulated as Privni, Psia Vo B ’
K Pskl’yhkl + (Pkl + PSkz )’Yglk +1 < 2o (12)
max Z A x Pk?lPSkl/yhkl/yglk N 7
{PSk]-,PSkz-,ij}kzl K K K
J J Z Ps,, + Z Ps,, + Z P < Pror, (13)
log, | 1+ Z Vi1 | +logy [ 1+ Z V2 . (5 k=1 b=l k=1
= = 0< P, <PY k=1, K,i=12, (14)
K K K J OSPkléplivllev k::lv"'aKa (15)
Y Psu+) P+ Y Pu<Pror. (6 20,5220, k=1,.. K. (16)
k=1 k=1 k=1 j=1
0< Ps,, < pg/;{*x, k=1,...,K.,i=1,2, (7) B. Multiple-relay Two-way System
0< Py <P, k=1,....K,j=1,...,J, (8 For simplicity, we assume there is no relay selection so

the problem is more complicated than the single-relay case.
*Motivated by [L4], our main idea is to solve for the simpler
suboptimal power allocation problem by maximizing the lowe
bound to the high SNR sum capacity approximation. The high
r;%NR sum capacity lower bound can be written as

where Pror is the total power constraint of the entir
multiple-user network Ay, = ]#H is the bandwidth factor,
Jr = |Jx| is the number of active relays connecting to ik
pair of users sqJ is the set of active relays connecting to th
kth pair of users. Hencel,, is a variable value that depends o
the number of relays being active, i.¢%; # 0,5 =1,...,J, K 4 J

during thekth pair of users transmissitnThe constraints in Z T log, Zykﬂykﬂ
(6)—(8) are constraints to total network power, individual pair k=1

j=1

of users power, and individual relay to pair of users power. K 1 J
The variablesP§! X, k = 1,...,K,i = 1,2, and PY*X, > Z 7210@2 (Yrj1vkj2) + C
k=1,....K,j=1,...,J, are upper bounds on user powers k=1 J(J +1) j=1
and individual relay powers, respectively, which can beduse K J o
to maximize the network lifetime if needed. == log, (7kj{<”1)'ykjg("“>> +C, (17)
k=1 j=1
3We can also consider the weighted sum rate by the use of gredights where ¢ = — o J+_1 log, (%) is a constant term which

wgq,t = 1,2 to represent the priority assignments to each soutdg For ; ST ; ;
simplicity of the problem herein, we laby., = 1.7 = 1,2, k. can be removed in the optimization. The second lineli) (

4For simplicity of this paper, we assumi, = A = —L- vk such that all follows from Jensen’s inequality. So, the final problem is

pairs of users employ the same number of reldyfr reTay communication. equivalent to maximizing the lower bound to the original



problem, c.f., §), without the high SNR approximation. 1st user for high SNR as follows

Now, transforming the summations into the argument of

. e Pk‘Vh‘(&)’Y.
log,(+) as products, the power allocation optimization problem I ki \ PrjtPsy, ) 193k Prjvhi; Qi1 Vg;n

. ki1 < 7 _ :
can be formulated into a GP problem as Vhy + (ijilgsm ) Voo Vhi; T Qkj1 Vg,
K J ) (26)
. min -, ITIT=07 =07, (18)  For Rayleigh fading channelsy,,, and ax;17,, in (26)
k177 mR2T R k=1 =1 are exponentially distributed r.v.’s with meaps;; = ’_Y;:klj
s.t.(ij + Psi )vhiy + Psiavg +1 <z (19) andfyjo = a;y 7,1 Now, we briefly recall a useful result in
PriVhy; PsiaVajn - [4, Theorem 4] as follows.
Ps Yhyy + (Prj 4 Ps) Vg, +1 Theorem 1:Let X; and X, be two independent exponential
Pas PSoy Ve, Your < Zkj2, (20) ryv.s withxpgralfneterﬁfl and 3, respectively. Then, the MGF
K K K J of Z =575 s
D P+ Psu+d D> Py <Pror,  (21) (Bi= B2+ (Bi+ Ba)s  2B1Bes
k=1 k=1 k=1j=1 Mz(s) = A2 T As S
0< Ps, <P, k=1, K,i=12, (22 1y Bit+Ba+ 5+ A) 27)
0< Py <P, k=1,...,K,j=1,...J, (23) . 4515 ’
Zpj1 > 0,21520 >0, k=1,...,K,j=1,...,J. (24) for any s > 0 in which A =

—B2)2+2 s+ s2.  Furthermore, if
For the GP in {8-(24), care must be made such thag{l(dﬂéQ g%?[o 4z—erg)ﬁ,1tt—1i_eﬁ2t)he+MGF af can be approximgied
each zyj;, = 1,2 remains as a smgle auxiliary V‘_”‘”a_bleasMZ(s) ~ BitBs
of posynomials 16]. This can be realized by vectorization gy jnyoking the asymptotic property of Theorettogether
and imposing additional equality constraints on the irdiil itk the linearity property of the MGF, the SER of thet user
source powers. in the kth pair of users becomes

Psekl > Psekl

IV. POWERALLOCATION BY MINIMIZING SER 27

1) . J
B l /(M Dr/M gy a0 H Bkjl + ﬁka
- s 2J .
We also consider the case of power allocation by minimizing /o sin™(m/M) 5= Pa

. L ; B -

the average system SER subje_ct_ to l_aoth total and |nd|V|du_aI - P53 99, + (Pij + Psyy ) e,

power constraints. However, minimizing the system SER is =K H = - (28)
f : - ijpsk27hkj7!]jk

not easy due to the non-convexity of the primal problem. In j=1

order to make the power allocation problem more tractabée, W with an interchange of variables on the exponential means

design the power allocation scheme by minimizing the lowesy the 2nd user, the average SER of theh pair of users can
bound of the system SER. We first derive the individual usge |ower bounded a®,., > P,., = %(ﬁsm + P, )

SER of thekth pair of users undet/-ary phase shifted keying

(PSK) modulation with the asymptotic SNR assumption. TheB; Multi-pair Two-way System

transforming the single user asymptotic SER expressian int |n a system with multiple pairs of users, we allocate

the form of power allocation by minimizing the system SERower based on minimizing the average SER of the entire

in multiple-user networks. We would like to stress that oufetwork, .6, Poeror = % 25:1 P,.,, subject to total and

power allocation strategy can be easily generalized torothgdividual power constraints. Due to the nonconvexity d th

linear digital modulations. primal problem, we minimize the lower bound instead, i.e.,
Pseror > %Zlepsek. Hence, the optimization problem

. . ) can be formulated as
A. Asymptotic SER of Single-pair of Users

K J J
The SER of theith user in thekth pair of users can be min Sl TTten + 11 tss2 | - (29)
{Psy1+PsporPrjt i .
expressed aslp| k=1 \j=1 J=1
1 [M=Dr/M J gpsK .t.(ij + Pskl)’y}zkj +_P5k2'79jk <t (30)
Pie,, = _/ H Moy <—2> do, (25) Prj Py Vi Vaji
T Jo X sin“ 0 _ _
j=1 Ps,, Yy, + (Prj + Pskz)%;jk < teio 31)
where gpsx = sin®*(r/M), and M,, ,(-) is the moment Prej Py, Yhi; Vo, -
generating function (MGF) of thgth relay to theith user K K K J
in the kth pair of users. To approximat2%) in an asymptotic Z Ps,, + Z Ps,, + Z Z Prj < Pror,  (32)
manner, we first rewrite thgth relay end-to-end SNR for the k=1 k=1 k=1j=1



0< Pg,, <P k=1,... . K,i=1,2, (33) s

Eq. Pwr., Py /N, = 10 dB

0< Py <P, j=1,...J,k=1,...,K, (34) 20l| = =~ 6 PUr, Pro N, = 15,08
. ...... Eq. Pwr., Pm]JND:ZO dB o
tkjl > 07t1€j2 >0, ] = 1,...7J7/€: 17...,K. (35) 5| —O— APt PWE, Proy/Ny =10 dB g

- © - Apt. Pwr,, PTO#NO: 15dB 0 v

.0+ Apt. Pwr., Py /N =20 dB |- e

The optimization problem above is in the form of sum of
products of posynomials, which can be solved efficientlyhwit
GP. Please note that care must be observed suchthat =
1,2 remains as a single auxiliary variable of posynomials. The
optimization problem inZ9)—(35) can be easily casted for a
single pair of users network by settirig = 1.

Average Sum Rate (b/s/Hz)

T s s 4 5 6 7 8 9 10 u
V. SIMULATION RESULTS Number of Pirs of Users (k)

We conduct simulation with th€vX [18] optimization tool-
box to verify the proposed adaptive power (Apt. Pwr.) alloc
tion scheme while comparing to the equal power (Eq. Pwr.)
location scheme in bidirectional AaF multiple-user netkvor
The simulation setup is as follows. We assume independent
Rayleigh fading with path loss exponemt= 4 on all of the
multiple-user channels The distance between the two users
is normalized to unity, i.edrj1 +dje =1fork=1,... K.
Similar to [14], we assume that all relays are located in a
line through the two pair of users to minimize the path loss,
and for simplicity dij1 ~ U(0,1), wherel/(a,b) denotes a
uniform distribution taking on the value in betweerandb,
anddyjo = 1 —dy;1 for k = 1,..., K. We further assume
that the entire system has a common noise variance of unity,
i.e., Np = 1, and we use uncoded¢rary PSK modulation
for simplicity. The results shown are averaged oweb00 i
independent trials, and 100 bit error counts. Prory ()

Fig. 3: Average sum rate versus number of pairs of ugérs
ith a single serving relay with total system SNRor /Ny =
10,15,20} dB in bidirectional AaF multiple-user network.

35

Eq. Pwr.,K=1
- = —Eq.Pwr,K=5
v EqLPwr, K=11
—©— Apt. Pwr,K=1
= © = Apt. Pwr,K=5
O Apt. Pwr, K=11

30

251

Average Sum Rate (b/s/Hz)

A. Power Allocation by Sum Rate Maximization Fig. 4: Average sum rate versus total system SNR with a single

Fig. 3 plots the average sum rate versus number of pairs $#7Ving relay with a varying< = {1,5,11} in bidirectional
usersk with a single serving relay, i.eJ, = 1, as SNR varies AaF multiple-user networks.
from 10 to 20 dB. Obviously, the adaptive power allocation
using GP is more superior since it can attain to higher awerag
sum rate than the equal power allocation at all SNR settingss| are knowna priori at the relays, we can select the best
The average sum rate increases as SNRAindcrease which relay or a subset of good CSI relays to forward the message
is as expected fronb]. thus overcoming the diminishing sum rate problem. The issue
Fig. 4 plots the average sum rate versus total system SNRrelay selection is beyond the scope of this paper.
with a single serving relay, i.e.J = 1, as K takes on
discrete values of 1, 5, and 11. When there are a pair Bf Power Allocation by Minimizing SER

users sharing resources, power allocation by adaptiveadeth \ve confirm the robustness of our SER minimization algo-

clearly outperforms that of the equal allocation. Howessts  rithm first in a single-pair network, i.ek = 1 for 2 users.

increases the gain in optimization diminishes since lesgepo Fig. 6 plots the average SER as the total system SNR varies,

is distributed to a particular user. The sum rate increasessd we have included2?) from Theoreml to evaluate the

K increases which conforms t&)( SER lower bounds. Clearly, our scheme outperforms that of
We plot Fig.5 to validate our adaptive power allocationequal power allocation while both match fairly well to the

scheme over equal allocation scheme in a multiple-relayGr lower bounds. The negligible differences in betwez?) (

system. We assume & = 2, i.e, 4 users, system with and simulations for the case of power optimization are ngmel
J ={1,3,6,9}. As shown, adaptive allocation scheme oulque to numerical round off errors.

performs the equal allocation scheme. However, both schemerig. 7 plots the average system SER versus total system
suffer from a diminishing sum rate a increases since the gNR in bidirectional multiple-user networks with = 2,
rate decreases ab increases, c.f.,4). In the case when theje 4 users, as/ = {1,3,5}, with the SER lower bounds

s , . . . from Theoreml. Similar to the single pair of users case, our
Alternatively, we may also assume i.i.d. Rayleigh fadingraels but the . . .

improvements from our power allocation scheme would rencéntical. adaptive power allocation SCheme significantly OUt.p?rbrm
SWe define the SNR as the total system SNR, i:o1/No. that of the equal power allocation. Furthermore, the sitmrta
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Average Sum Rate (b/s/Hz)

Fig. 5: Average sum rate versus total system SNR in a SYStef} v. vang, H. Hu, J. Xu, and G. Mao
2 as J takes on values/

with K =

H= = =Eq.Pwr,J
H == Eq.Pwr,J

H = © = Apt. Pwr., J

L| - =0O="-Apt. Pwr., J

Eq. Pwr.,J

coo EQLPwr,

0 Apt. Pwr., J

=1
=3
=6
=9
—e— Apt. Pwr.,,J=1
=3
=6
=9

= {1,3,6,9} in

bidirectional AaF multiple-user networks.

Fig. 6: Average SER versus total system SNR in a system with]

Q- Eq.Pwr,J=1
S Eq.Pwr,J=3
% EQ.Pwr,J=5
= © —Apt.Pwr,J=1
=+ = Apt. Pwr.,J=3
= % = Apt. Pwr,,J=5
Eq. Pwr., Lower Bound

— = Apt. Pwr., Lower Bound

5 10
ProrNo (4B)

K =1asJ=/{1,3,5}.

L . 0
results for the optimization cases match well with the SEEZ]

lower bounds.

Fig. 7: Average system SER versus total system SNR with

20

H+ Eq.Pwr,J=3

f[ = % —Apt.Pwr,,J=5

Q- Eq.Pwr,J=1

% EQ.Pwr,J=5
= © —Apt.Pwr,J=1
-+ —Apt.Pwr,J=3

Eq. Pwr., Lower Bound
— = Apt. Pwr., Lower Bound

5 10
ProrNo (d4B)

K =2asJ=1{1,3,5}.

allocation in bidirectional AaF multiple-relay multipleser

VI. CONCLUSION
In this paper, we have considered the adaptive power Sons, 2000.

20

networks. We have shown that with the OFDMA channel
assignment scheme, power allocation by maximizing the in-
stantaneous sum rate or minimizing the SER subject to total
power and individual power constraints can be suitablyezhst
as a GP problem. Simulation results have shown that adaptive
power allocation by GP outperforms that of the equal power
allocation scheme.
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