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Capacity Analysis of Cooperative Relaying Networks with Adaptive
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SUMMARY In the present paper, the performance of cooperative re-
laying networks with adaptive relaying scheme selection is analyzed. Co-
operative relaying is a new technique to achieve spatial diversity gain by
using neighboring stations. However, when multiple stations transmit si-
multaneously, the number of interference signals increases. Therefore, the
introduction of cooperative relaying in radio communication systems does
not always increase the network capacity due to the co-channel interfer-
ence. Therefore, in order to achieve high spectral efficiency, it is necessary
to select cooperative relaying or non-cooperative relaying adaptively. As-
suming both centralized and decentralized adaptive controls, the spectrum
efficiency is evaluated. The performance under decentralized control is
evaluated using a game-theoretic approach. Simulation results show that
the introduction of cooperative relaying with centralized control always in-
creases the spectral efficiency. On the other hand, Simulation results also
show that, when each source selects a relaying scheme independently and
selfishly to maximize its own spectral efficiency, the introduction of the co-
operative relaying may reduce the spectral efficiency due to the increase in
the number of interference signals.
key words: cooperative relaying, multihop, spectral efficiency, adaptive
control, game theory

1. Introduction

Cooperative relaying is a new technique to enhance the spec-
tral efficiency of multihop radio networks [1]–[6]. In coop-
erative relaying, the source, destination, and relay stations
share resources to achieve spatial diversity gain against fad-
ing or spatial multiplexing gain. Thus, the performance of
cooperative relaying has primarily been evaluated in terms
of error rate or spectral efficiency, assuming a single-isolated
communication [4]–[6] or two pairs of communications [1],
[3]. The introduction of cooperative relaying has been re-
ported to reduce error rate and enhance spectral efficiency.

However, cooperative relaying does not always im-
prove the spectrum efficiency when co-channel interference
exists [7]. This is because, in some cooperative relaying,
multiple stations transmit simultaneously to achieve diver-
sity gain. Such cooperative relaying inherently increases the
number of co-channel interference signals compared to non-
cooperative transmission and may reduce the received signal
to interference plus noise power ratio (SINR) when the in-
terference has a significant impact on the received SINR.
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In order to achieve high spectral efficiency, it is nec-
essary to select cooperative relaying or non-cooperative re-
laying adaptively. The centralized scheduling algorithm for
cooperative relaying to improve the throughput is proposed
in [8]. However, when each source selects a relaying scheme
independently and selfishly to maximize its own spectral
efficiency, it is unclear whether the network capacity in-
creases.

A promising approach to analyzing the decentralized
control and selfishness is game theory, which deals with how
individuals interact and compete for resources. Game theo-
retic approach is also used for power control in code division
multiple access data networks [9]. The effect of “selfish”
random access in aloha systems has been evaluated using
game-theoretic analysis [10].

In the present paper, the impact of the introduction of
cooperative relaying with the adaptive relaying scheme se-
lection (ARSS) is analyzed. First, we evaluate the outage
bandwidth efficiency (BE) of each relaying scheme, i.e., co-
operative relaying, non-cooperative two-hop transmission,
and single-hop transmission. BE is defined to be the max-
imum end-to-end transmission rate through multiple hops
per unit bandwidth. Second, assuming centralized control,
we evaluate the network capacity with optimal scheduling
by exhaustive search. Finally, we analyze the performance
under decentralized control in which each source indepen-
dently selects a relaying scheme and route in order to en-
hance its own BE. We report a game-theoretic analysis of a
decentralized adaptive relaying scheme selection (DARSS)
problem.

The remainder of the present paper is organized as fol-
lows. In Sect. 2, we define the system model. In Sect. 3, we
evaluate the outage BE in interference-limited environments
and compare the outage BE with the ergodic BE discussed in
[7]. In Sect. 4, we introduce the game theory and define the
DARSS game. In Sect. 5, we discuss the impact of ARSS.
In Sect. 6, we conclude the present paper.

2. System Model

Consider a cooperative relaying system with only one relay
station (R) located between a given source (S) and destina-
tion (D), as illustrated in Fig. 1(a). Each station is equipped
with an omnidirectional antenna and is assumed to be able
to either transmit or receive at a given time.

Copyright c© 2009 The Institute of Electronics, Information and Communication Engineers
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Fig. 1 Solid arrows represent desired signals and dashed arrows
represent co-channel interference [7].

2.1 Cooperative Relaying

One technique to enable forwarding a signal is dividing the
spectrum into different orthogonal time slots and allocating
these slots to each transmitting station [4]. Time slots are
assumed not to be synchronized among all routes.

The relay station is assumed to decode and forward the
signal received from the source to the destination using two
time slots and let i (= 1, 2) denote the index of the slot. We
assume the following three cooperative schemes (RD, SR),
(RD, R), and (R, SR) and two non-cooperative schemes, as
shown in Fig. 2, where for example (RD, SR) denotes that
both R and D receive in slot 1 and both S and R transmit in
slot 2.

(RD, SR) This scheme is proposed in [4]. In slot 1, both
the relay station and the destination receive the signal
from the source. In slot 2, both the source and the relay
station transmit to the destination.

(RD, R) This scheme is proposed in [3], [11]. In slot 1, both
the relay station and the destination receive the signal
from the source. In slot 2, only the relay station trans-
mits to the destination.

(R, SR) This scheme is also proposed in [3], [11]. In slot
1, only the relay station receives the signal from the
source. In slot 2, both the source and the relay station
transmit to the destination.

Single-hop In slots 1 and 2, the source transmits directly to
the destination.

Fig. 2 Three cooperative and two non-cooperative schemes. Solid ar-
rows represent transmissions in slot 1, and dashed arrows represent trans-
missions in slot 2 [7].

Two-hop In slot 1, only the relay station receives the sig-
nal from the source. In slot 2, only the relay station
transmits to the destination.

2.2 Bandwidth Efficiency

2.2.1 Cooperative Relaying (RD, SR)

The signal transmitted by the source in slot i is denoted as
xi. All interference signals are assumed to be equivalent to
Gaussian noise over the channel, as in [12] (which is dis-
cussed in more detail in [13]). The signals received by the
relay station in slot 1, yR,1, and received by the destination
in slot i, yD,i, are then given by

yR,1 =
√

ESRhSRx1 + nR,1 (1)

yD,1 =
√

ESDhSDx1 + nD,1 (2)

yD,2 =
√

ERDhRDx1 +
√

ESDhSDx2 + nD,2 (3)

where EXY denotes the average signal energy at the station
Y through X-Y link, and hXY denotes the complex unit-
power channel gain of X-Y link, and nX,i ∼ CN(0,NX,i)
denotes the noise plus interference treated as complex Gaus-
sian noise processes at the station X. Here, CN(0, σ2) is a
complex Gaussian random variable with mean zero and vari-
ance σ2.

Let N denote the noise power, and let λi = N/ND,i,
μ = ESR/ESD, and ν = ERD/ESD. In the following, we
assume a frequency-flat block fading channel. In addition,
we assume that the relay station has the perfect information
of hSR and that the destination has the perfect information of
hSD and hRD. Ergodic BE f(RD,SR) can be expressed as

f(RD,SR) =
1
2

min
{
E

[
Rmax

1,2

]
,E

[
Rmax

relay + Rmax
2

]}
(4)

Rmax
1,2 � log2 det

(
I2 + AAH ESD

N

)
(5)

Rmax
relay � log2

(
1 +

ESR|hSR|2
NR,1

)
(6)

Rmax
2 � log2

(
1 +

ESD|hSD|2
ND,2

)
(7)
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A =

⎡⎢⎢⎢⎢⎢⎣
√
λ1hSD 0√
λ2νhRD

√
λ2hSD

⎤⎥⎥⎥⎥⎥⎦ (8)

where I2 denotes the identity matrix of size 2 and E[·] de-
notes the expectation operator (refer to [4], [7] for more de-
tails).

2.2.2 Cooperative Relaying (RD, R)

Ergodic BE f(RD,R) can be expressed as

f(RD,R) =
1
2

min
{
E

[
Rmax

relay

]
,E

[
Rmax

1

]}
(9)

Rmax
1 � log2

(
1 + ‖a‖2 ESD

N

)
(10)

where a denotes the first column of A and ‖ · ‖ is the Eu-
clidean norm [4], [7].

2.2.3 Cooperative Relaying (R, SR)

The ergodic BE f(R,SR) can be expressed as

f(R,SR) =
1
2

min
{
E

[
R1

max′] ,E [
Rmax

relay + Rmax
2

]}
(11)

R1
max′ � log2

(
1 + ‖b‖2 ESD

N

)
(12)

where bT is the second row of A.

2.2.4 Single-Hop Transmission

Ergodic BE f1 can be expressed as follows [7].

f1 = E

[
log2

(
1 +

ESD|hSD|2
ND,i

)]
. (13)

2.2.5 Two-Hop Transmission

The ergodic BE of two-hop f2 is given by

f2 =
1
2

min
{
E

[
Rmax

relay

]
,E

[
R2

max′]} (14)

R2
max′ � log2

(
1 +

ERD|hRD|2
ND,2

)
. (15)

2.3 Outage Bandwidth Efficiency

We define the p % outage BE Cout
p as the BE guaranteed for

(100 − p) % of the channel realizations. Then, Cout
p is given

by

F(Cout
p ) = p % (16)

where F(·) denotes the cumulative distribution function of
the instantaneous BE. The instantaneous transmission rate
R(RD,SR),R(RD,R),R(R,SR),R1, and R2 must satisfy

R(RD,SR) <
1
2

min
{
Rmax

1,2 ,R
max
relay + Rmax

2

}
(17)

R(RD,R) <
1
2

min
{
Rmax

relay,R
max
1

}
(18)

R(R,SR) <
1
2

min
{
R1

max′,Rmax
relay + Rmax

2

}
(19)

R1 < log2

(
1 +

ESD|hSD|2
ND,i

)
(20)

R2 <
1
2

min
{
Rmax

relay,R2
max′} (21)

where the right-hand sides of (17), (18), (19), (20), and (21)
are the instantaneous BE of each scheme.

3. Bandwidth Efficiency of Individual Cooperative Re-
laying in Interference-Limited Environments

Before evaluating the impact of ARSS, we evaluate the er-
godic and outage BE of individual cooperative relaying.
Thus, in this section, we assume that all communication has
the same relaying scheme for all transmissions. In addition,
we assume interference-limied environments for theoretical
analysis.

3.1 Interference-Limited Environments

In this section, we assume interference-limited environ-
ments in which co-channel interference dominates the ther-
mal noise. In order to represent the density of the simulta-
neous communication, we introduce the end-to-end signal to
interference ratio (ESIR), γ, as follows. Consider the situa-
tion in which every source transmits directly to a designated
destination regardless of whether each source-destination
pair can communicate directly, as shown in Fig. 1(a), and
we designate the received signal to interference ratio (SIR)
as the ESIR. This ESIR is considered to be an appropriate
parameter to reflect the density of the simultaneous com-
munication since the absolute value of this density does not
have meaning in the following simple model (which is dis-
cussed in more detail in [14]).

The spectral efficiency of cooperative relaying is sensi-
tive to several factors, particularly fairness [15], [16]. Since
the purpose of this section is to examine the impact of co-
operative relaying on the spectral efficiency of wireless net-
works, we set aside the fairness problem for now. Thus, we
investigate the spectral efficiency under the condition that all
communication at a given time has almost the same condi-
tion, i.e., communication methods for all transmissions are
the same and ESIR is larger than γ. In addition, the inter-
ference power from the source and that from the designated
relay station are assumed to be the same. Under this assump-
tion, the interference power is proportional to the number of
transmitters in a route, as described in Sect. 3.2.

Let Ii denote the interference power in slot i, rather than
the identity matrix. Since we assume interference-limited
environments, NR,1 and ND,1 are replaced with I1, and ND,2

are replaced with I2. In addition, let I denote the interference
power when every source transmits directly to a designated
destination and let us redefine λi = I/Ii. Then the ESIR can
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Table 1 Ratio of interference power λ1, λ2.

1, two-hop, (RD, R) (RD, SR), (R, SR)
λ1 1 2/3
λ2 1 2/3

Table 2 Parameters used in the numerical evaluation.

Parameters Values
Path loss exponent α 2

Channel model Rayleigh fading
Area environment Interference-limited

be written as γ = ESD/I and we obtain

Rmax
1,2 = log2 det

(
I2 + AAHγ

)
(22)

Rmax
relay = log2

(
1 + |hSR|2μλ1γ

)
(23)

Rmax
2 = log2

(
1 + |hSD|2λ2γ

)
(24)

Rmax
1 = log2

(
1 + ‖a‖2γ

)
(25)

R1
max′ = log2

(
1 + ‖b‖2γ

)
(26)

log2

(
1 +

ESD|hSD|2
ND,i

)
= log2

(
1 + |hSD|2γ

)
(27)

R2
max′ = log2

(
1 + |hRD|2νλ2γ

)
(28)

as a function of ESIR as follows as in [7]. In this section,
we evaluate the BE using the ESIR as a parameter.

3.2 Number of Interference Signals

There are two types of transmission scheme in terms of the
number of transmitters in a route. When using schemes
(RD, SR) or (R, SR) both the source and the relay station
transmit in slot 2, as shown in Fig. 1(b), resulting in doubled
interference signals compared to other situations, in which
either the source or the relay station transmit during a given
time.

We then consider the resultant SIR when using
schemes (RD, SR) or (R, SR). When assuming different
transmissions are not synchronized, on average, in half of
the routes, both the source and the relay station transmit si-
multaneously, and in the other half of the routes, either the
source alone or the relay station alone transmits. Therefore,
the number of interference signals is increased by a factor
of 3/2, and the received SIR in the (RD, SR) and (R, SR) is
approximately 2/3 of that in the other schemes. Table 1 sum-
marizes the ratio of interference power λi for each scheme.

3.3 Assumption

Table 2 summarizes the parameters used in the following
evaluation. The complex channel gains hSD, hSR, and hRD

are assumed to be i.i.d. CN(0, 1), i.e., Rayleigh fading. We
assume path loss with the path loss exponent α. For the
sake of simplicity, the effect of shadowing is not considered.
Since the interference-limited situation is assumed, the ab-
solute value of transmit power does not affect the received

Fig. 3 Bandwidth efficiency in interference-limited environments.

SIR. Thus, the transmit power is assumed to be the same for
all stations. Note that it is not fair to compare these schemes
in terms of power consumption.

The relay station is assumed to be on the center point
of a straight line segment from the source to the destination.
Under this assumption, μ = ν = 2α. While these assump-
tions are not necessarily realistic, they do enable us to gain
insight into the design of cooperative relaying systems.

3.4 Numerical Results

First, for comparison, Fig. 3(a) shows the ergodic BE dis-
cussed in [7]. The technique used to achieve the highest
ergodic BE is changed from single-hop transmission to the
(RD, SR) scheme and then to two-hop transmission and
the (RD, R) scheme along with the decrease of ESIR. This
result shows that the advantage of cooperative relaying in
interference-limited environments depends on the density
of the simultaneous transmission [7]. Therefore, in order to
maximize the ergodic BE, it is necessary to select the relay-
ing scheme adaptively.

Second, Fig. 3(b) shows the 1% outage BE. In contrast
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to the ergodic BE, the (RD, SR) scheme always outperforms
the other two cooperative relaying schemes and two-hop
transmission. The reason is as follows. In (RD, R) and
two-hop transmission, the source transmits the signal only
in slot 1, and the relay station needs to be able to decode
this signal. Thus, the transmission rate depends heavily on
the channel gain of S-R link. On the other hand, in (RD,
SR), the relay station does not need to be able to decode the
signal transmitted by the source in slot 2. Thus, the trans-
mission rate in slot 2 depends only on the channel gain of
S-D link. Therefore, (RD, SR) achieves high diversity gain
as compared with (RD, R). The performance of the outage
BE is sensitive to the reduction of received power due to fad-
ing. Therefore, even though the simultaneous transmission
of both the source and the relay station increases the num-
ber of interference signals, the (RD, SR) scheme is superior
to the other two cooperative relaying schemes and two-hop
transmission. This relationship does not depend on p, while
the ESIR in which single-hop transmission outperforms the
other schemes decreases with the increase of p.

4. Game-Theoretic Framework

Game theory is a promising approach for analyzing the per-
formance of cooperative relaying networks under the decen-
tralized control. In this section, the game theory is explained
and the DARSS game is defined.

4.1 Normal Form Game

A game in normal form has three aspects. First, there is a set
of players, I, which we take to be the finite set {1, 2, . . . , I}.
Second, there is a set of pure strategies, S i (i ∈ I), that
is available to each player. Finally, there is a set of pay-
off functions, ui. Each player has a preference for an out-
come. The payoff function represents the player’s prefer-
ence and maps the player’s anticipated outcome given his or
her selected strategy to a real number. In the game, each
player’s objective is to select a strategy, si ∈ S i, so as to
maximize his or her own payoff function. A mixed strategy
for player i is a probability distribution over pure strategies
S i. In the present paper, unless otherwise noted, we assume
pure strategies because mixed strategies do not seem reason-
able in studies of stability (similar arguments are presented
in [17], [18]).

A fundamental solution concept in game theory is a
Nash equilibrium, which is a point at which neither player
gains by changing his or her strategy unilaterally, so that nei-
ther player has an incentive to deviate [19]. A pure strategy
profile, s∗ = (s1

∗, . . . , sI
∗), is a Nash equilibrium if, for all

players i,

ui(s∗) ≥ ui (s1
∗, . . . , si−1

∗, si, si+1
∗, . . . , sI

∗)
∀si ∈ S i. (29)

In particular, for a two-player game, a pure strategy profile
is a Nash equilibrium if

u1 (s1
∗, s2

∗) ≥ u1 (s1, s2
∗) ∀s1 ∈ S 1

u2 (s1
∗, s2

∗) ≥ u2 (s1
∗, s2) ∀s2 ∈ S 2. (30)

4.2 Decentralized Adaptive Relaying Scheme Selection
Game

In order to evaluate the impact of ARSS under decentral-
ized control, we define the DARSS game. In DARSS game,
sources are assumed to be players. Each player has to select
the relaying scheme and one relay station so that the max-
imum BE is achieved. As a relaying scheme, we consider
the cooperative relaying, two-hop transmission, single-hop
transmission, and stop transmission. Thus we use the er-
godic BE (Eqs. (4), (9), (11), (13), and (14)) and instanta-
neous BE (the right-hand sides of (17)–(21)) as payoff func-
tions. To evaluate the performance of three cases in which
(RD, SR), (RD, R), or (R, SR) are employed as a cooperative
relaying scheme, we consider the following four cases.

case(no coop.) Each source can select the non-cooperative
schemes, that is, two-hop transmission, single-hop
transmission, and stop transmission.

case(RD, SR) Each source can select the (RD, SR) scheme
and the non-cooperative schemes.

case(RD, R) Each source can select the (RD, R) scheme and
the non-cooperative schemes.

case(R, SR) Each source can select the (R, SR) scheme and
the non-cooperative schemes.

Each source is assumed to be able to estimate the BE of
all sources as a consequence of their selection. In addition,
the control overhead associated with ARSS is not taken into
account. This is a reasonable assumption because the pur-
pose of the present paper is to analyze the achievable capac-
ity due to the ARSS.

5. Analysis of Adaptive Relaying Scheme Selection

In Sect. 3, we assumed a simple model in which all commu-
nication at a given time has almost the same condition, and
evaluated the ergodic and outage BE of individual cooper-
ative relaying in interference-limied environments. In this
section, assuming the network in which all stations are uni-
formly and independently distributed, we evaluate the im-
pact of the ARSS in cooperative relaying networks.

In order to evaluate the impact of the ARSS, we eval-
uate the maximum total BE under the centralized control
with perfect knowledge (hereinafter referred to as “network
capacity”), and the total BE under equilibrium conditions
(hereinafter referred to as “equilibrium BE”). Total BE is de-
fined as the BE summed over all simultaneous transmitting
sources in the network. This equilibrium BE is a reasonable
payoff as a result of the DARSS game [20].
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Fig. 4 Example network. Each source selects one relaying scheme and
one relay station.

5.1 Assumption

For the sake of simplicity, we consider a cooperative relay-
ing network consisting of two source-destination pairs and
ten relay candidates as has been done in [20]. This is a
reasonable assumption because the purpose of the present
paper is to evaluate the impact of decentralized adaptive
controls by multiple decision-making entities on the achiev-
able throughput in cooperative relaying networks compared
to centralized controls. All stations are uniformly and in-
dependently distributed in a square area and are stationary
throughout the following evaluation. Under this assump-
tion, Nash equilibria can be calculated through (30). Since
the purpose of this analysis is to evaluate the equilibrium
BE, Nash equilibrium is calculated by exhaustive search. In
the simulations, the results are averaged over 2400 topolo-
gies.

The received power is assumed to decay in proportion
to the square of the distance between the stations. Then,
we define P and D as the reference transmit power and the
reference source-destination distance in which the received
signal to noise ratio is calculated to be 0 dB. We assume
a 5D × 5D square area and that all stations transmit at the
same power level P′. The complex channel gains hSD, hSR,
and hRD are assumed to be i.i.d. CN(0, 1), i.e., Rayleigh
fading. For the sake of simplicity, the effect of shadowing is
not considered.

Time slots are assumed not to be synchronized among
all stations in the network. When using cooperative relaying
or two-hop transmission, there are two transmission states
due to two slots, that is, the time slots of two sources may or
may not be the same. For the sake of simplicity, we assume
that these two states have equal probability.

Figure 4 shows an example network. In the DARSS
game, source A selects one relaying scheme and must also
select one relay station, so as to maximize its own BE. Sim-
ilarly, source B selects its own strategy.

5.2 Analysis

Figure 5 shows the percentage of three categories based on

Fig. 5 Percentage of the number of equilibria of case(RD, SR).

Fig. 6 Transmit power dependence of total ergodic BE. Here, case(RD, R)

and case(no coop.) have approximately the same performance.

the number of Nash equilibria of case(RD, SR). The DARSS
game has one or more Nash equilibria in most cases. A simi-
lar finding applies to case(RD, R), case(R, SR), and case(no coop.).
Therefore, in the following analysis, we evaluate the perfor-
mance of networks in which there is at least one Nash equi-
librium.

Figure 6 shows the network capacity for the networks
with at least one Nash equilibrium, and Fig. 7 shows the se-
lected strategies of case(RD, SR). Here, the symbol [X, Y] in
Fig. 7, e.g., [coop., single], represents that X and Y are the
strategies selected by sources. As shown in Fig. 6, the in-
troduction of cooperative relaying always increases the net-
work capacity. Then, the strategies selected by sources de-
pend on the transmit power, as shown in Fig. 7(a). When
the transmit power is low, both sources transmit. On the
other hand, when the transmit power is high, only one source
transmits.

Figure 6 also shows the equilibrium BE for the net-
works with at least one Nash equilibrium. When the trans-
mit power is low, the DARSS game attains the BE near the
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Fig. 7 Percentage of selected strategies of case(RD, SR). Non-selected
strategies are not pointed out in the graph.

network capacity. However, the equilibrium BE is satu-
rated under high transmit power conditions and the differ-
ence between the equilibrium BE and the network capacity
increases with the transmit power. This is because in the
DARSS game both selfish sources tend to transmit, as shown
in Fig. 7(b), and consequently the equilibrium BE is limited
by the interference.

In contrast to the network capacity, the equilibrium
BE’s of case(RD, R) and case(no coop.) outperform those of
case(RD, SR) and case(R, SR) when the transmit power is high.
The reason for this is as follows. As shown in Fig. 7(b),
when each source can select the (RD, SR) scheme and the
non-cooperative schemes, cooperative relaying is often se-
lected as a relaying scheme under the equilibrium condi-
tion. A similar result applies to case(R, SR). In addition, when
the transmit power is high, the interference has a more sig-
nificant impact on the received SINR, as compared to the
noise. Therefore, the equilibrium BE’s of case(RD, SR) and
case(R, SR) are less than those of case(RD, R) and case(no coop.),
as shown in Sect. 3.4.

Figure 8 shows the 1% total outage BE for the networks

Fig. 8 Transmit power dependence of total outage BE.

with at least one Nash equilibrium. The introduction of co-
operative relaying always increases the network capacity,
and it also increases the equilibrium BE when the transmit
power is low. Note that, in contrast to Fig. 3(b), the equi-
librium BE’s of case(RD, SR) and case(R, SR) do not always
outperform those of case(RD, R) and case(no coop.). This is be-
cause two source-destination pairs can be closely located in
the DARSS game unlike the assumptions in the theoretical
analysis. Because the received SINR of (RD, SR) and (R,
SR) are more significantly affected by the interference than
that of (RD, R) and non-cooperative schemes, if two source-
destination pairs are closely located and transmit power is
high, (RD, SR) and (R, SR) do not achieve high gain com-
pared in the theoretical analysis.

While we assume the two-player game, the equilibrium
BE in N-player game will be lower than the network capac-
ity as in the two-player game. This is because the strategy
that maximize the BE of each communication pair does not
necessarily correspond to the strategy that maximize the to-
tal BE regardless of the number of players. Note that, in the
N-player game, Nash equilibrium can be calculated through
(29) instead of (30).

6. Conclusion

In the present paper, the performance of cooperative relay-
ing networks with ARSS was analyzed. First, we calculated
the outage BE in the interference-limited environments. Nu-
merical results revealed that the introduction of cooperative
relaying can improve the outage BE. Next, we evaluated the
total BE under centralized control and decentralized con-
trol. In order to evaluate these performance, we defined the
DARSS game. The simulation results show that the intro-
duction of cooperative relaying with the centralized control
always increases the network capacity. In addition, the sim-
ulation results also show that when each source indepen-
dently selects the relaying scheme to maximize its own BE,
the introduction of cooperative relaying, such as (RD, SR),
in which the source and relay station transmit simultane-
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ously may reduce the total BE because of the increase in the
number of interference signals. In this case, cooperative re-
laying, such as (RD, R), in which the number of interference
signals does not increase, should be used.
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