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Abstract—Owing to its spectral efficiency, bidirectional re-
laying is a promising candidate for information exchange in
multiple-user cooperative networks. When the network is lim-
ited by resource constraints, amplify-and-forward (AaF) relay
protocol is often the choice due to its simplicity and ease of
use. Power allocation for AaF protocol has being extensively
studied in unidirectional relay networks but how it can be
implemented in two-way multiple-relay multiple-user networks
has yet to be addressed. In this paper, we consider the adaptive
power allocation in bidirectional AaF multiple-relay mult iple-
user networks. We show that when the multiple-user interference
can be removed by a robust channel assignment algorithm,
power allocation by maximizing the instantaneous sum rate or
minimizing the symbol error rate can be suitably casted as a
geometric programming (GP) problem. Simulation results show
adaptive power allocation by GP outperforms that of equal power
allocation scheme particularly when there is a single serving relay,
and the gain can be as substantial when there are multiple serving
relays.

I. I NTRODUCTION

Cooperative communication is a new paradigm in commu-
nication theory which is envisioned to bring forth significant
improvements for both WiMax and LTE-advanced mobile
systems [1]. By relaying the same message over multiple
independent relay channels, the diversity order of the end users
can be increased to combat fading without any significant
increase in the cost and size of the mobile unit [2], [3].
Although unidirectional relay networks, i.e., one-way relaying,
has been extensively studied with both decode-and-forward[4]
and amplify-and-forward (AaF) [4]–[7] protocols, it is spec-
trally inefficient when relaying messages in between the users
[8]. The groundbreaking work by Shannon on the two-way
relaying channel, i.e., bidirectional relaying, in [9] bypasses
this problem and ensures that the two-way communication
between two users can enjoy improved spectral efficiency
compared with the traditional one-way relaying [8]. Despite of
the many proposed protocols for relaying, resource allocation
such as power assignment is one of the most crucial aspect of
the cooperative communication due to the stringent resource
limitation and the unpredictable nature of the wireless medium.

Being the simplest and easiest form of relaying, power
allocation for AaF protocol has been extensively studied in
unidirectional relay networks [4], [6], [7], [10], [11]. Power
allocation based on both signal-to-noise ratio (SNR) maxi-
mization and outage probability minimization is considered in

[10], and that for symbol error rate (SER) minimization is con-
sidered [4] for a single-relay network under Rayleigh fading.
In [6], optimal power allocation based on outage minimization
subject to total power constraint is studied for multiple-
relay networks, where relaying is performed by orthogonal
relay channels. Zhaoet. al. [7] compares between optimal
power allocation by maximizing the instantaneous mutual
information and selecting a relay which provides the maximum
end-to-end SNR in a multiple-relay system. In multiple-user
setting with time-division multiple access (TDMA), Phan
et. al. [11] allocates power in single serving relay networks
according to several quality-of-service criteria, and jointly
considers the admission control problem. For bidirectional
AaF relaying, power allocation has been considered in [12]–
[15]. In [12], power allocation aims at maximizing the average
sum rate in single-relay networks. In a similar setting, [13]
further considers allocation by minimizing the outage proba-
bility in Rayleigh fading channels. When there are multiple
relays, power allocation according to design rules such as
maximizing the instantaneous sum rate or minimizing the
outage probability are studied in [14]. In multiple-user single
AaF relay networks with either TDMA or frequency-division
multiple access (FDMA), [15] considered power allocation by
maximizing the upper bound to the instantaneous sum rate.

In this paper, we consider the adaptive power allocation
in bidirectional AaF multiple-relay multiple-usernetworks.
Although the sum of harmonic mean functions from multiple-
relay multiple-user networks is often a non-linear non-convex
function, we show that when the multiple-user interference
(MUI) can be removed by a robust channel assignment al-
gorithm such as the orthogonal frequency-division multiple
access (OFDMA), power allocation by maximizing the in-
stantaneous sum rate or minimizing the asymptotic symbol-
error rate (SER) subject to total power and individual power
constraints can be suitably casted as a geometric programming
(GP) problem [16], [17] which can be efficiently solved by the
convex optimization algorithm [18]. Simulation results show
adaptive power allocation by GP outperforms that of equal
power allocation scheme particularly when there is a single
serving relay, and the gain can be as substantial when there
are multiple serving relays in the network.

The rest of this paper is as follows: Section (Sec.)II
describes the system model, Sec.III outlines the power al-



location problem by maximizing the instantaneous sum rate,
Sec.IV outlines the power allocation problem by minimizing
the asymptotic SER, Sec.V evaluates our adaptive power
allocation schemes and compares to the equal power allocation
scheme. Finally, concluding remarks are provided in Sec.VI.

II. SYSTEM MODEL

The system model for thekth pair of users in bidirectional
multiple-relay multiple-user network is shown in Fig.1. We
considerK pairs of users for a total of2K users. Each pair
of users communicates with a fixedJ number of relays for
j = 1, 2, . . . , J in half-duplex mode. Each user within a pair of
users communicates in a two-phase transmission. We assume
all active relays1 to transmit in orthogonal time slots in a
predefined order according to certain rules, and we further
assume that there is no MUI in between all of the pairs of
users2. For example, Fig.2 illustrates the channel assignment
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Fig. 1: System model of thekth pair of users for the bidi-
rectional AaF multiple-relay multiple-user network. A pair of
users consists of 2 sourcesSki, i = 1, 2, J relays, and there
are a total ofK pairs of users in the network.

scheme employing the OFDMA forJ relays and2K multiple
users. In the first phase, both sources from thekth pair of users
broadcast to all relays simultaneously. The received signal at
the jth relay can be written as

ykj =
√

PSk1
hkjxk1 +

√

PSk2
gjkxk2 + nkj , (1)

where hkj and gjk are the fading channel gains between
Sk1 and thejth relay and betweenSk2 and thejth relay,
respectively,PSki

, i ∈ {1, 2} are the transmitter source powers,
xki, i ∈ {1, 2} are the transmit source symbol normalized to
unit energy, i.e.,E{|xki|2} = 1, andnkj ∼ CN (0, σ2

nkj
) is

the additive complex symmetric zero-mean white Gaussian
noise (CSZWGN) with varianceσ2

nkj
= Nkj . The channels are

assumed to be independently distributed Rayleigh flat fading

1By active relays, we meant the set of relays that are involvedin forwarding
the information to the destination which may not necessary be every relay
within the entire network, but can be either a subset of relays or a single
relay depending on the relaying protocol.

2This assumption can be realized by developing a robust channel assign-
ment algorithm such as the OFDMA, or hybrid TDMA and FDMA schemes
which can put multiple users into orthogonal channels to mitigate MUI. The
development of such algorithms is beyond the scope of this paper.
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Fig. 2: The OFDMA channel assignment scheme for the bidi-
rectional AaF multiple-relay multiple-user network employing
J relays.

with variances modeled according to uniform path loss, with
a path loss exponentα. Let variablesdkj1 and djk2 denote
the distance between the pair of users to thejth relay node,
then we haveσ2

hkj
= γ̄hkj

= d−α
kj1 andσ2

gjk = γ̄gjk = d−α
jk2 for

channelshkj and gjk, respectively. We assume the channels
to remain static during the entire phase of the multiple-user
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 protocol [2]. The received signal at the
two sources of thekth pair of users from thejth relay can
now be written as

ySk1
=

√

PkjPSk2
hkjgjkβkjxk2 +

√

PkjPSk1
h2
kjβkjxk1+

√

Pkjhkjβkjnkj + nSk1
,

ySk2
=

√

PkjPSk1
gjkhkjβkjxk1 +

√

PkjPSk2
g2jkβkjxk2+

√

Pkjgjkβkjnkj + nSk2
, (2)

wherePkj is defined as thejth relay power for thekth pair
of users,nSki

∼ CN (0, σ2
nSki

), i ∈ {1, 2} is the CSZWGN at
the source with varianceσ2

nSki
= NSki

. The second term in
(2) is the self-interference which can be removed completely
since the source knows the data sent. For IPS, the square of
the scaling factor isβ2

kj =
1

PSk1
|hkj|2+PSk2

|gjk|2+Nkj
.

We now perform the maximum ratio combining (MRC)
scheme [4], [6], [7] at the pair of users as follows

zSk1
=

J
∑

j=1

√

PkjPSk2
h∗
kjg

∗
jkβkj

(Pkj |hkj |2β2
kj + 1)N0

ySk1
,

zSk2
=

J
∑

j=1

√

PkjPSk1
h∗
kjg

∗
jkβkj

(Pkj |gjk|2β2
kj + 1)N0

ySk2
, (3)

where(·)∗ denotes the complex conjugate operation, and we
have assumed that the noise components are independently and
identically distributed (i.i.d.) CSZWGN with common variance
N0, i.e., Nkj = NSki

= N0. For the MRC in (3), we have
assumed that both sources can obtain perfect channel state



information (CSI) and the CSI from the opposite source can be
acquired through an error-free feedback channel. Substituting
βkj into (3), the end-to-end signal-to-noise ratio (SNR) then
becomes

γk1 =
J
∑

j=1

γkj1 , andγk2 =
J
∑

j=1

γkj2 , (4)

where γkj1 =
Pkjγhkj

PSk2
γgjk

(Pkj+PSk1
)γhkj

+PSk2
γgjk

+1 and γkj2 =
PkjPSk1

γhkj
γgjk

PSk1
γhkj

+(Pkj+PSk2
)γgjk

+1 are the per relay end-to-end SNR.

The variablesγkji, i = 1, 2, can be approximated as a
harmonic mean of two random variables (r.v.’s) at high SNR
[4], [5], i.e., x1x2

x1+x2
for r.v.’s x1 andx2. For the SNR terms in

(4), γhkj
=

|hkj |
2

N0
is the instantaneous SNR between the source

Sk1 and thejth relay, andγgjk =
|gjk|

2

N0
is the instantaneous

SNR between thejth relay and sourceSk2.

III. POWER ALLOCATION BY MAXIMIZING

INSTANTANEOUSSUM RATE

Assuming all relaying are performed in orthogonal time
slots, the optimization problem to maximize the instantaneous
sum rate in the multiple-user network can be formulated as3

max
{PSk1

,PSk2
,Pkj}

K
∑

k=1

Ak×







log2



1 +
J
∑

j=1

γkj1



+ log2



1 +
J
∑

j=1

γkj2











, (5)

s.t.
K
∑

k=1

PSk1
+

K
∑

k=1

PSk2
+

K
∑

k=1

J
∑

j=1

Pkj ≤ PTOT , (6)

0 ≤ PSki
≤ PMAX

Ski
, k = 1, . . . ,K , i = 1, 2 , (7)

0 ≤ Pkj ≤ PMAX
kj , k = 1, . . . ,K , j = 1, . . . , J , (8)

where PTOT is the total power constraint of the entire
multiple-user network,Ak = 1

Jk+1 is the bandwidth factor,
Jk = |Jk| is the number of active relays connecting to thekth
pair of users soJk is the set of active relays connecting to the
kth pair of users. Hence,Ak is a variable value that depends on
the number of relays being active, i.e.,Pkj 6= 0, j = 1, . . . , J ,
during thekth pair of users transmission4. The constraints in
(6)–(8) are constraints to total network power, individual pair
of users power, and individual relay to pair of users power.
The variablesPMAX

Ski
, k = 1, . . . ,K, i = 1, 2, and PMAX

kj ,
k = 1, . . . ,K, j = 1, . . . , J , are upper bounds on user powers
and individual relay powers, respectively, which can be used
to maximize the network lifetime if needed.

3We can also consider the weighted sum rate by the use of pre-log weights
wki, i = 1, 2 to represent the priority assignments to each source [14]. For
simplicity of the problem herein, we letwki = 1, i = 1, 2, ∀k.

4For simplicity of this paper, we assumeAk = A =
1

J+1
, ∀k such that all

pairs of users employ the same number of relaysJ for relay communication.

A. Single-relay Two-way System

For this paper, we may simplify (5)–(8) by assuming that
there exists a single relay that is used to serve multiple pairs
of users then the objective function can be expressed as

K
∑

k=1

1

2
{log2 (1 + γk1) + log2 (1 + γk2)}

≥
K
∑

k=1

1

2
log2 (γk1γk2) = −

K
∑

k=1

1

2
log2

(

γ−1
k1 γ

−1
k2

)

, (9)

where γk1 =
Pk1γhk1

PSk2
γg1k

(Pk1+PSk1
)γhk1

+PSk2
γg1k

+1 , γk2 =
Pk1PSk1

γhk1
γg1k

PSk1
γhk1

+(Pk1+PSk2
)γg1k

+1 . The above objective function
can be turned to an equivalent minimization problem that can
be solved by geometric programming (GP) [16], [17] with
an efficient convex optimization algorithm such as theCVX
[18]. Transforming the summation into thelog2(·) argument
as a product in (9), the equivalent problem in (5)–(8) for
single-relay system can now be stated as

min
{PSk1

,PSk2
,Pk1}

K
∏

k=1

zk1zk2 , (10)

s.t.
(Pk1 + PSk1

)γhk1
+ PSk2

γg1k + 1

Pk1γhk1
PSk2

γg1k
≤ zk1 , (11)

PSk1
γhk1

+ (Pk1 + PSk2
)γg1k + 1

Pk1PSk1
γhk1

γg1k
≤ zk2 , (12)

K
∑

k=1

PSk1
+

K
∑

k=1

PSk2
+

K
∑

k=1

Pk1 ≤ PTOT , (13)

0 ≤ PSki
≤ PMAX

Ski
, k = 1, . . . ,K , i = 1, 2 , (14)

0 ≤ Pk1 ≤ PMAX
k1 , k = 1, . . . ,K , (15)

zk1 ≥ 0 , zk2 ≥ 0 , k = 1, . . . ,K . (16)

B. Multiple-relay Two-way System

For simplicity, we assume there is no relay selection so
the problem is more complicated than the single-relay case.
Motivated by [14], our main idea is to solve for the simpler
suboptimal power allocation problem by maximizing the lower
bound to the high SNR sum capacity approximation. The high
SNR sum capacity lower bound can be written as

K
∑

k=1

1

J + 1
log2





J
∑

j=1

γkj1γkj2





≥
K
∑

k=1

1

J(J + 1)

J
∑

j=1

log2 (γkj1γkj2) + C

= −
K
∑

k=1

J
∑

j=1

log2

(

γ
− 1

J(J+1)

kj1 γ
− 1

J(J+1)

kj2

)

+ C , (17)

where C = −
∑

k
1

J+1 log2
(

1
J

)

is a constant term which
can be removed in the optimization. The second line in (17)
follows from Jensen’s inequality. So, the final problem is
equivalent to maximizing the lower bound to the original



problem, c.f., (5), without the high SNR approximation.
Now, transforming the summations into the argument of

log2(·) as products, the power allocation optimization problem
can be formulated into a GP problem as

min
{PSk1

,PSk2
,Pkj}

K
∏

k=1

J
∏

j=1

z
1

J(J+1)

kj1 z
1

J(J+1)

kj2 , (18)

s.t.
(Pkj + PSk1

)γhkj
+ PSk2

γgjk + 1

Pkjγhkj
PSk2

γgjk
≤ zkj1 , (19)

PSk1
γhkj

+ (Pkj + PSk2
)γgjk + 1

PkjPSk1
γhkj

γgjk
≤ zkj2 , (20)

K
∑

k=1

PSk1
+

K
∑

k=1

PSk2
+

K
∑

k=1

J
∑

j=1

Pkj ≤ PTOT , (21)

0 ≤ PSki
≤ PMAX

Ski
, k = 1, . . . ,K , i = 1, 2 , (22)

0 ≤ Pkj ≤ PMAX
kj , k = 1, . . . ,K , j = 1, . . . , J , (23)

zkj1 ≥ 0 , zkj2 ≥ 0 , k = 1, . . . ,K , j = 1, . . . , J . (24)

For the GP in (18)–(24), care must be made such that
each zkji, i = 1, 2 remains as a single auxiliary variable
of posynomials [16]. This can be realized by vectorization
and imposing additional equality constraints on the individual
source powers.

IV. POWER ALLOCATION BY M INIMIZING SER

We also consider the case of power allocation by minimizing
the average system SER subject to both total and individual
power constraints. However, minimizing the system SER is
not easy due to the non-convexity of the primal problem. In
order to make the power allocation problem more tractable, we
design the power allocation scheme by minimizing the lower
bound of the system SER. We first derive the individual user
SER of thekth pair of users underM -ary phase shifted keying
(PSK) modulation with the asymptotic SNR assumption. Then,
transforming the single user asymptotic SER expression into
the form of power allocation by minimizing the system SER
in multiple-user networks. We would like to stress that our
power allocation strategy can be easily generalized to other
linear digital modulations.

A. Asymptotic SER of Single-pair of Users

The SER of theith user in thekth pair of users can be
expressed as [19]

Pseki
=

1

π

∫ (M−1)π/M

0

J
∏

j=1

Mγkji

(

gPSK

sin2 θ

)

dθ , (25)

where gPSK = sin2(π/M), and Mγkji
(·) is the moment

generating function (MGF) of thejth relay to theith user
in thekth pair of users. To approximate (25) in an asymptotic
manner, we first rewrite thejth relay end-to-end SNR for the

1st user for high SNR as follows

γkj1 ≤
Pkjγhkj

(

PSk2

Pkj+PSk1

)

γgjk

γhkj
+
(

PSk2

Pkj+PSk1

)

γgjk

=
Pkjγhkj

αkj1γgjk
γhkj

+ αkj1γgjk
.

(26)
For Rayleigh fading channels,γhkj

and αkj1γgjk in (26)
are exponentially distributed r.v.’s with meansβkj1 = γ̄−1

hkj

andβkj2 = α−1
kj1γ̄

−1
gjk

. Now, we briefly recall a useful result in
[4, Theorem 4] as follows.

Theorem 1:LetX1 andX2 be two independent exponential
r.v.’s with parametersβ1 andβ2 respectively. Then, the MGF
of Z = X1X2

X1+X2
is

MZ(s) =
(β1 − β2)

2 + (β1 + β2)s

∆2
+

2β1β2s

∆3
×

ln
(β1 + β2 + s+∆)2

4β1β2
, (27)

for any s > 0 in which ∆ =
√

(β1 − β2)2 + 2(β1 + β2)s+ s2. Furthermore, if β1

andβ2 go to zero, then the MGF ofZ can be approximated
asMZ(s) ≈

β1+β2

s .
By invoking the asymptotic property of Theorem1 together

with the linearity property of the MGF, the SER of the1st user
in the kth pair of users becomes

Psek1
≥ P̃sek1

=
1

π

∫ (M−1)π/M

0

sin2J θ

sin2J(π/M)
dθ

J
∏

j=1

βkj1 + βkj2

Pkj

= K ′
J
∏

j=1

(

PSk2
γ̄gjk + (Pkj + PSk1

)γ̄hkj

PkjPSk2
γ̄hkj

γ̄gjk

)

. (28)

With an interchange of variables on the exponential means
for the2nd user, the average SER of thekth pair of users can
be lower bounded asPsek ≥ P̃sek = 1

2 (P̃sek1
+ P̃sek2

).

B. Multi-pair Two-way System

In a system with multiple pairs of users, we allocate
power based on minimizing the average SER of the entire
network, i.e.,PseTOT = 1

K

∑K
k=1 Psek , subject to total and

individual power constraints. Due to the nonconvexity of the
primal problem, we minimize the lower bound instead, i.e.,
PseTOT ≥ 1

K

∑K
k=1 P̃sek . Hence, the optimization problem

can be formulated as

min
{PSk1

,PSk2
,Pkj}

K
∑

k=1





J
∏

j=1

tkj1 +

J
∏

j=1

tkj2



 , (29)

s.t.
(Pkj + PSk1

)γ̄hkj
+ PSk2

γ̄gjk
PkjPSk2

γ̄hkj
γ̄gjk

≤ tkj1 , (30)

PSk1
γ̄hkj

+ (Pkj + PSk2
)γ̄gjk

PkjPSk1
γ̄hkj

γ̄gjk
≤ tkj2 , (31)

K
∑

k=1

PSk1
+

K
∑

k=1

PSk2
+

K
∑

k=1

J
∑

j=1

Pkj ≤ PTOT , (32)



0 ≤ PSki
≤ PMAX

Ski
, k = 1, . . . ,K , i = 1, 2 , (33)

0 ≤ Pkj ≤ PMAX
kj , j = 1, . . . , J , k = 1, . . . ,K , (34)

tkj1 ≥ 0 , tkj2 ≥ 0 , j = 1, . . . , J , k = 1, . . . ,K . (35)

The optimization problem above is in the form of sum of
products of posynomials, which can be solved efficiently with
GP. Please note that care must be observed such thattkji, i =
1, 2 remains as a single auxiliary variable of posynomials. The
optimization problem in (29)–(35) can be easily casted for a
single pair of users network by settingK = 1.

V. SIMULATION RESULTS

We conduct simulation with theCVX [18] optimization tool-
box to verify the proposed adaptive power (Apt. Pwr.) alloca-
tion scheme while comparing to the equal power (Eq. Pwr.) al-
location scheme in bidirectional AaF multiple-user network.
The simulation setup is as follows. We assume independent
Rayleigh fading with path loss exponentα = 4 on all of the
multiple-user channels5. The distance between the two users
is normalized to unity, i.e.,dkj1+djk2 = 1 for k = 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 dkj1 ∼ U(0, 1), whereU(a, b) denotes a
uniform distribution taking on the value in betweena and b,
and dkj2 = 1 − dkj1 for k = 1, . . . ,K. We further assume
that the entire system has a common noise variance of unity,
i.e., N0 = 1, and we use uncoded4-ary PSK modulation
for simplicity. The results shown are averaged over1, 000
independent trials, and 100 bit error counts.

A. Power Allocation by Sum Rate Maximization

Fig. 3 plots the average sum rate versus number of pairs of
usersK with a single serving relay, i.e.,J = 1, as SNR6 varies
from 10 to 20 dB. Obviously, the adaptive power allocation
using GP is more superior since it can attain to higher average
sum rate than the equal power allocation at all SNR settings.
The average sum rate increases as SNR andK increase which
is as expected from (5).

Fig. 4 plots the average sum rate versus total system SNR
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 of
users sharing resources, power allocation by adaptive method
clearly outperforms that of the equal allocation. However,asK
increases the gain in optimization diminishes since less power
is distributed to a particular user. The sum rate increases as
K increases which conforms to (5).

We plot Fig. 5 to validate our adaptive power allocation
scheme over equal allocation scheme in a multiple-relay
system. We assume aK = 2, i.e., 4 users, system with
J = {1, 3, 6, 9}. As shown, adaptive allocation scheme out-
performs the equal allocation scheme. However, both schemes
suffer from a diminishing sum rate asJ increases since the
rate decreases asJ increases, c.f., (5). In the case when the

5Alternatively, we may also assume i.i.d. Rayleigh fading channels but the
improvements from our power allocation scheme would remainidentical.

6We define the SNR as the total system SNR, i.e.,PTOT /N0.
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Fig. 3: Average sum rate versus number of pairs of usersK
with a single serving relay with total system SNRPTOT /N0 =
{10, 15, 20} dB in bidirectional AaF multiple-user network.

0 5 10 15 20
0

5

10

15

20

25

30

35

P
TOT

/N
0
 (dB)

A
ve

ra
ge

 S
um

 R
at

e 
(b

/s
/H

z)

 

 
Eq. Pwr., K = 1
Eq. Pwr., K = 5
Eq. Pwr., K = 11
Apt. Pwr., K = 1
Apt. Pwr., K = 5
Apt. Pwr., K = 11

Fig. 4: Average sum rate versus total system SNR with a single
serving relay with a varyingK = {1, 5, 11} in bidirectional
AaF multiple-user networks.

CSI are knowna priori at the relays, we can select the best
relay or a subset of good CSI relays to forward the message
thus overcoming the diminishing sum rate problem. The issue
of relay selection is beyond the scope of this paper.

B. Power Allocation by Minimizing SER

We confirm the robustness of our SER minimization algo-
rithm first in a single-pair network, i.e.,K = 1 for 2 users.
Fig. 6 plots the average SER as the total system SNR varies,
and we have included (27) from Theorem1 to evaluate the
SER lower bounds. Clearly, our scheme outperforms that of
equal power allocation while both match fairly well to the
MGF lower bounds. The negligible differences in between (27)
and simulations for the case of power optimization are namely
due to numerical round off errors.

Fig. 7 plots the average system SER versus total system
SNR in bidirectional multiple-user networks withK = 2,
i.e., 4 users, asJ = {1, 3, 5}, with the SER lower bounds
from Theorem1. Similar to the single pair of users case, our
adaptive power allocation scheme significantly outperforms
that of the equal power allocation. Furthermore, the simulation
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Fig. 5: Average sum rate versus total system SNR in a system
with K = 2 as J takes on valuesJ = {1, 3, 6, 9} in
bidirectional AaF multiple-user networks.
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Fig. 6: Average SER versus total system SNR in a system with
K = 1 asJ = {1, 3, 5}.

results for the optimization cases match well with the SER
lower bounds.
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Fig. 7: Average system SER versus total system SNR with
K = 2 asJ = {1, 3, 5}.

VI. CONCLUSION

In this paper, we have considered the adaptive power
allocation in bidirectional AaF multiple-relay multiple-user

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 suitably casted
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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