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Abstract—Since uplink (UL) and downlink (DL) traffic loads
are time-variant in femtocells, it is essential to adopt dynamic
time-division duplexing (TDD) to effectively adjust the uplink
and downlink transmission resources. However, the cross-link
interference between dynamic TDD femtocells decreases the
throughput gain of dynamic TDD. In this paper, we propose
an evolutionary game-based distributed approach to choose
the UL-DL configuration in order to minimize interference
and maximize the system throughput in a large-scale femtocell
network. A multiple populations evolutionary game is formulated
to model femtocells with different traffic loads. We prove that
the evolutionarily stable strategy (ESS) of the considered multiple
populations evolutionary game is the optimal configuration which
maximizes the system throughput. Simulation results confirm the
effectiveness of the proposed evolutionary game-based approach
for system throughput optimization in femtocells employing
dynamic TDD.

I. INTRODUCTION

The drastic variation of uplink (UL) and downlink (DL)
traffic loads in small cells such as femtocells brings a new
challenge to UL/DL resource allocation. It becomes critical
to dynamically adjust UL/DL resources, instead of adopting
a fixed UL/DL ratio as in the traditional TDD approach. To
support dynamical adjustment of UL/DL resources, dynamic
time-division duplexing (TDD) [1] has been proposed and
gained increasing popularity. In the 3GPP standard, dynamic
TDD is supported by seven configurations with respect to
different uplink and downlink traffic ratios [2], [3]. As shown
in TABLE I, each radio frame consists of ten subframes, and
the UL/DL ratio is different for different configurations. This
enables femto base stations to choose different configurations
according to the traffic variation. Nevertheless, dynamic TDD
causes a new type of interference, cross-link interference,
when two neighboring femto base stations adopt different con-
figurations. The cross-link interference, which includes UL-
to-DL interference and DL-to-UL interference, significantly
degrades the system performance. How to manage the cross-
link interference thus becomes a main issue for the design of
dynamic TDD femtocells networks.

The problem of dynamic TDD in TD-LTE system is studied
in the works of Shen et al. [4] and Spyropoulos and Zeidler
[5]. There are also some works analyzing the performance of
dynamic TDD in LTE networks [6], [7], [8] and other cellular
systems [9]. Zhu and Lei [10] propose a centralized DL/UL re-
configuration mechanism using clustering, in which femto base
stations that severely interfere with each other are grouped in
the same cluster and choose the same configuration. Although

TABLE I
CONFIGURATIONS SUPPORTED BY 3GPP IN TS 36.211 [2]. U: UPLINK; D:

DOWNLINK.

UL-DL UL-to-DL Subframe numberconfi- switch-point
guration periodicity 0 1 2 3 4 5 6 7 8 9

0 5 ms D S U U U D S U U U
1 5 ms D S U U D D S U U D
2 5 ms D S U D D D S U D D
3 10 ms D S U U U D D D D D
4 10 ms D S U U D D D D D D
5 10 ms D S U D D D D D D D
6 5 ms D S U U U D S U U D

their approach mitigates the interference, the flexibility of
DL/UL configuration adjustment on each femto base station is
reduced. In another work [11], we propose a mechanism which
improves the performance from clustering by allowing the
femtocells in the same cluster to choose different configuration
according to their own traffic load. ElBamby et al. propose a
distributed mechanism to decide the configuration according
to traffic load and interference [12]. However, that mechanism
only solves the problem with the number of femto base stations
at the scale of tens.

In this paper, we consider a large-scale femtocell network
in which femto base stations have different traffic loads and
different configurations, as illustrated in Fig. 1. Under the
assumption that femto base stations are selfish in choosing
configurations, we propose an evolutionary game-based mech-
anism to maximize the system throughput by making femto
base stations choose the optimal configurations in a distributed
fashion. Specifically, to model femtocells with different traf-
fic loads, we consider an evolutionary game with multiple
populations, each consisting of a large number of players
(i.e., femto base stations). The utility function, which reflects
the average effect due to interactions among players in the
evolutionary game, is defined as a function of the throughput,
obtained averaged over a large number of femto base stations
and various channel conditions, and the cost describing the
effect of interference. We derive the evolutionarily stable
strategy (ESS), which is the equilibrium of the network, for
the case of three populations. The advantage of the proposed
distributed mechanism is that each femto base station only
needs the information of long term properties, e.g., average
configuration, average location distribution, and average chan-
nel quality, for system throughput optimization. This saves the
bandwidth and power required for collecting information, such
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Fig. 1. System model of dynamic TDD femtocell networks.

as channel gains between femto base stations, for centralized
optimization, especially when a femtocell with a large number
of femto base stations is considered. Simulation results confirm
the effectiveness of the proposed evolutionary game-based
approach in dynamic TDD femtocells networks.

The rest of the paper is organized as follows. Sec. II presents
the system model. In Sec. III, the proposed evolutionary game
approach is described and the evolutionarily stable strategy
is derived. Sec. IV shows the simulation results, and the
conclusions are given in Sec. V.

II. SYSTEM MODEL

We consider a system composed of a large population of
femto base stations, and these femto base stations are cate-
gorized into N groups according to their traffic requirements.
For the ith group, the uplink traffic load requirement for a
frame is Lu,i and the downlink traffic load requirement for
a frame is Ld,i. The ratio of the ith group in the network is
denoted by xi. Without losing generality, we assume that the
groups are ordered according to the uplink traffic load from
low to high.

Assume that there are M subframes in a frame and there
are M − 1 configurations. For the ith configuration, the first
to the ith subframes are for uplink and the (i + 1)th to the
M th subframes are for downlink. Each femto base station
can choose its own configuration according to its traffic load.
The configuration of femto base station i is denoted by
ξi ∈ {1, 2, . . . ,M−1}, which represents the number of uplink
subframes in a frame.

Let P be the downlink transmission power of a femto base
station and Q be the uplink transmission power of a mobile
station (MS). The downlink signal-to-interference-plus-noise
ratio (SINR) at the mobile station at a distance r from its
associated femto base station i in the subframe k can be written
as

γd
i,k =

Phr−β∑
iϵΦf

αξi,kPgiR
−β
i + (1− αξi,k)QtiS

−β
i + σ2

,

(1)

where h is the channel gain between the mobile station and
its associated femto base station, β is the path-loss exponent,
Φf is the set of interfering femto base stations, gi and Ri

are respectively the channel gain and the distance between the
mobile station and the ith interfering femto base station in
downlink transmission, ti and Si are respectively the channel
gain and the distance between the mobile station and the ith
interfering mobile station in uplink transmission, and σ2 is the
noise power; αξi,k is 1 if the subframe k in the configuration
ξi that the ith interfering femto base station chooses is for
downlink and αξi,k is 0 if the subframe k in the configuration
ξi that the ith interfering femto base station chooses is for
uplink. Similarly, the uplink SINR at the femto base station i
from the mobile station at a distance r in the subframe k is
written as

γu
i,k =

Qhr−β∑
iϵΦf

αξi,kPgiR
−β
i + (1− αξi,k)QtiS

−β
i + σ2

.

(2)
The downlink rate and uplink rate of the ith femto base

station in the subframe k can respectively be calculated by

τ(yu,k, P ) = log2(1 + γd
i,k) (3)

and

τ(yu,k, Q) = log2(1 + γu
i,k). (4)

The downlink rate and uplink rate are functions of yu,k, the
ratio of uplink femtocells in the subframe k.

III. EVOLUTIONARY GAME-BASE DYNAMIC TDD

We consider the evolutionary game, which can model the
complicated interactions among a large population of players,
for femtocell dynamic TDD configuration selection. In an evo-
lutionary game, the players choose their strategies according
to the utilities. If a strategy has larger utility, the player has a
higher probability to choose this strategy.

Note that for the typical evolutionary game model, all
players are homogeneous and in one population. To model
femtocells with different traffic loads, we consider an evo-
lutionary game with multiple populations, each population
having a different traffic load.

A. Evolutionary Game Formulation

In the considered evolutionary game, each femto base
station chooses its own configuration, i.e., decides which
subframes should be used for downlink/uplink, to maximize
its utility. The utility function is composed of a throughput
function and a cost function, defined as Ti − C, where Ti is
the average throughput of a group i femto base station and
C is the cost function. The cost function is required since
the proposed evolutionary game is performed in a distributed
fashion. Without the cost function, femto base stations will
blindly try to increase its own throughput, which will in turn
reduce the overall system performance.



First we can derive Ti as (assuming group i femtocells is
using a strategy ci)

Ti =min

ξ1τ(1, Q) +

ci∑
j=2

(ξj − ξj−1)τ(yu,j , Q), Lu,i


+min

(
N∑

j=ci+1

(ξj − ξj−1)τ(yu,j , Q)

+ (M − ξN )τ(0, P ), Ld,i

)
.

(5)
If every femto base station only tries to maximize its

own throughput but ignores the interference it may cause,
the overall system throughput will be affected. Therefore,
we introduce the interference on other femto base stations
as the cost. Since the cross-link interference is from the
downlink subframe to the uplink subframe, we define the
interference cost C according to the difference between the
average number of downlink subframes in the network and
the number of downlink subframes of this femto base station.
Mathematically, let us denote si as the set of distributions of
strategies in group i, i.e., si = (s1,i, . . . , sM−1,i) where sj,i
represents the ratio of players using configuration j in group
i, and s = (s1, s2, . . . , sN ) as the system state. Then, the cost
function is given by

C(si) =

 α2(s̄− s̄i), if s̄− s̄i > β1

α1(s̄− s̄i), if 0 < s̄− s̄i ≤ β1

0, if s̄− s̄i ≤ 0.

 , (6)

where s̄i =
∑M−1

k=1 ksk,i, s̄ = x1s̄1+x2s̄2+x3s̄3+· · ·+xN s̄N
is the average configuration of the network and α1, α2, and
β1 are designed parameters.

The introduction of the cost function results in a tradeoff
for femto base stations, especially for those femto base sta-
tions having more downlink traffic requirements. The cost is
designed to be higher when the femto base station uses the
configuration having more downlink subframes since downlink
transmission usually incurs more interference. Therefore, a
femto base station with more downlink traffic requirements
will choose the configuration with fewer downlink subframes.
However, this will also decrease the throughput of that femto
base station. This tradeoff then boosts the overall system
performance through the proposed evolutionary game.

B. Evolutionarily Stable Strategy

For a game, it is critical to prove the existence of the
equilibrium. As for an evolutionary game, its equilibrium is
called ESS. To give the definition of ESS, we need to define the
utility function and the expected payoff. Given the state of the
population is x, the utility function of a user playing strategy
j is u(j, x). The state x can also be the strategy selected by a
user since it contains the information of the ratio of selecting
each pure strategy. The expected payoff of a user using the
strategy x is f(x, x) when system state is x. A strategy x is

an ESS if for any mutant x̃ ̸= x, there exists some ϵ′ ∈ (0, 1)
such that for all ϵ ∈ (0, ϵ′),

f(x, ϵx̃+ (1− ϵ)x) > f(x̃, ϵx̃+ (1− ϵ)x). (7)

To solve the ESS for the multiple populations evolutionary
game, we have to analyze how the strategies are chosen
in different populations and find the largest utility of each
population under different combinations of strategies of other
populations. However, it is tedious to find all stable strategies
since the strategies in different populations interact with each
other. Therefore, here we only consider a femtocell network
with 3 populations. Extending the results to more populations
can be done in a similar way but is more involved. We assume
that group 1 femto base stations have high downlink traffic
load requirements, group 2 femto base stations have medium
uplink and downlink traffic load requirements, and group 3
femto base stations have high uplink traffic load requirements.
Mathematically, assume that femto base stations in popula-
tion 1 have uplink traffic load c1τ(1, Q) and downlink traffic
load (M − c1)τ(0, P ), the femto base stations in population 2
have uplink traffic load c2τ(1, Q) and downlink traffic load
(M − c2)τ(0, P ), and the femto base stations in population 3
have uplink traffic load c3τ(1, Q) and downlink traffic load
(M − c3)τ(0, P ).

We first analyze the ESS for group 3. Denote the utility
function of group i femto base stations using strategy si when
the system state is s as ui(si, s). We consider that the original
strategy of group 3 players is c3 and a part of players change
their strategy and choose mixed strategy s∗3, where s∗3 =
(s∗3,1, s

∗
3,2, . . . , s

∗
3,M ) and s∗3,c3 = 0. s∗3,i means the ratio of

the players choosing strategy i in the femtocells which change
the strategies. The system state will be s′ = (s1, s2, s

′
3), where

s′3 = (0, . . . , 0, s′c3,3, 0, . . . , 0) + ϵs∗3 and s′c3,3 = 1 − ϵ. We
assume the uplink ratio of the subframe i at this situation is
y′u,i. The utility of the players with strategy c3 is given by

u3(c3, s
′) =min(τ(y′u,1, Q) + τ(y′u,2, Q) + . . .

+ τ(y′u,c3 , Q), c3τ(1, Q))

+ min(τ(y′u,c3+1, P ) + . . .+ τ(y′u,M , P ),

(M − c3)τ(0, P ))

=τ(y′u,1, Q) + τ(y′u,2, Q) + . . .+ τ(y′u,c3 , Q)

+ (M − c3)τ(0, P ).

(8)

The utility of the players choosing the strategy s∗3 can be
written as

u3(s
∗
3, s

′) =
M−1∑
i=1

s∗3,iu3(i, s
′). (9)

We compare u3(s
∗
3, s

′) with u3(c3, s
′) by comparing the utility

of each pure strategy (other than c3) in s∗3 with the utility using
the strategy c3. We start from the strategy c3 − 1. The utility



of c3 − 1 is

u3(c3 − 1, s′) =min(τ(y′u,1, Q) + τ(y′u,2, Q) + . . .+

τ(y′u,c3−1, Q), c3τ(1, Q)) + min(τ(y′u,c3 , P )

+ . . .+ τ(y′u,M , P ), (M − c3)τ(0, P )).
(10)

By comparing (8) with (10), we can derive that

u3(c3, s
′)− u3(c3 − 1, s′) = τ(y′u,c3 , Q). (11)

Therefore, u(c3 − 1, s′) is smaller than u(c3, s
′). For the

strategies lower than c3 − 1, the utilities are also lower
than u(c3, s

′) since the utilities are lower than u(c3 − 1, s′).
Therefore, u(c3, s

′) has the highest value when comparing
with the lower strategies.

We then analyze the strategies with higher index. For the
strategy c3 + 1, we can derive that

u3(c3 + 1, s′) =min(τ(y′u,1, Q) + τ(y′u,2, Q) + . . .

+ τ(y′u,c3−1, Q), c3τ(1, Q)) + min(τ(y′u,c3 , P )

+ . . .+ τ(y′u,M , P ), (M − c3)τ(0, P )).
(12)

The comparison of u3(c3 + 1, s′) and u3(c3, s
′) is

u3(c3, s
′)− u3(c3 + 1, s′) = τ(y′u,c3+1, P )− τ(y′u,c3+1, Q).

(13)
Since τ(y′u,c3+1, P ) > τ(y′u,c3+1, Q), u3(c3+1, s′) is smaller
than u3(c3, s

′). The utilities of the strategies higher than c3+1
are also smaller than u3(c3, s

′). Therefore, at the strategy c3,
any mutants different from c3 will achieve lower utility. c3 is
the ESS of population 3.

For population 2, we consider that the original strategy is
c2 and some players in population 2 change their strategies.
We denote the changed strategies as the mixed strategy s∗2,
where s∗2 = (s∗2,1, s

∗
2,2, . . . , s

∗
2,M ). s∗2,i means the ratio of the

players choosing strategy i in the femtocells which change the
strategies. The system state will be s′′ = (s1, s

′
2, s3), where

s′2 = (0, . . . , 0, s′2,c2 , 0, . . . , 0)+ϵs∗2 and s′2,c2 = 1−ϵ. Assume
the uplink ratio of the subframe i at this situation is y′′u,i. We
can derive that

u2(c2, s
′′) =min(τ(y′′u,1, Q) + τ(y′′u,2, Q) + . . .

+ τ(y′′u,c2 , Q), c2τ(1, Q))

+ min(τ(y′′u,c2+1, P ) + . . .+ τ(y′′u,M , P ),

(M − c2)τ(0, P ))− C(c2)

=τ(y′′u,1, Q) + τ(y′′u,2, Q) + . . .+ τ(y′′u,c2 , Q)

+ (M − c2)τ(0, P )− C(c2).
(14)

As population 3, we also compare the utility of each pure
strategy in s∗2 with the utility using the strategy c2. The utilities

of c2 − 1 and c2 − 1 are

u2(c2 − 1, s′′) =min(τ(y′′u,1, Q) + τ(y′′u,2, Q) + . . .

+ τ(y′′u,c2−1, Q), c2τ(1, Q))

+ min(τ(y′′u,c2 , P ) + . . .+ τ(y′′u,M , P ),

(M − c2)τ(0, P ))− C(c2 − 1)

=τ(y′′u,1, Q) + τ(y′′u,2, Q) + . . .

+ τ(y′′u,c2−1, Q)

+ (M − c2)τ(0, P )− C(c2 − 1)
(15)

and

u2(c2 + 1, s′′) =min(τ(y′′u,1, Q) + τ(y′′u,2, Q) + . . .

+ τ(y′′u,c2+1, Q), c2τ(1, Q))

+ min(τ(y′′u,c2+2, P ) + . . .+ τ(y′′u,M , P ),

(M − c2)τ(0, P ))− C(c2 + 1)

=τ(y′′u,1, Q) + τ(y′′u,2, Q) + . . .+ τ(y′′u,c2+1, Q)

+ (M − c2)τ(0, P )− τ(y′′u,c2+1, P )

− C(c2 + 1).
(16)

From (14) and (15), the utility difference between c2 and c2−1
is

u2(c2, s
′′)− u2(c2 − 1, s′′) =τ(y′′u,c2 , Q) + C(c2 − 1)− C(c2).

(17)
Since C(c2 − 1) > C(c2), u2(c2, s

′′) − u2(c2 − 1, s′′) > 0.
Furthermore, the utilities of the strategies smaller than c2 − 1
are also smaller than u2(c2, s

′′). From (14) and (16), the utility
difference between c2 and c2 + 1 is

u2(c2, s
′′)− u2(c2 + 1, s′′)

=τ(y′′u,c2+1, P )− τ(y′′u,c2+1, Q) + C(c2 + 1)− C(c2)

=τ(y′′u,c2+1, P )− τ(y′′u,c2+1, Q)− α.

(18)

If τ(y′′u,c2+1, P )−τ(y′′u,c2+1, Q) > α, the ESS of population 2
is c2. If τ(y′′u,c2+1, P ) − τ(y′′u,c2+1, Q) < α < τ(y′′u,c2+i, P ),
the ESS is c2 + i, where

∑c2+i−1
k=1 τ(yu,k, P ) < c2τ(1, Q) <∑c2+i

k=1 τ(yu,k, P ).
After c2 + i, the utility difference becomes

u2(c2 + i+ 1, s′′)− u2(c2 + i, s′′) = −τ(y′′u,c2+i+1, P ) + α.
(19)

According to (19), if α > τ(y′′u,c2+i+j , P ), the ESS will
be larger than c2 + i + j − 1. If τ(y′′u,c2+i+j , P ) < α <
τ(y′′u,c2+i+j+1, P ), the ESS will remain on c2 + i + j where
c2 + i+ j ≤ c3.

For population 1, we consider that the original strategy is
c1 and some players in population 1 change their strategy.
We denote the changed strategies as the mixed strategy s∗1,
where s∗1 = (s∗1,1, s

∗
1,2, . . . , s

∗
1,M ). s∗1,i means the ratio of the

players choosing strategy i in the femtocells which change the
strategies. The system state will be s′′′ = (s′1, s2, s3), where
s′1 = (1 − ϵ)(0, . . . , 0, s′1,c1 , 0, . . . , 0) + ϵs∗1 and s′1,c1 = 1.
Assume the uplink ratio of the subframe i at this situation is
y′′′u,i. We can derive that



u1(c1, s
′′′) =min(τ(y′′′u,1, Q) + τ(y′′′u,2, Q) + . . .

+ τ(y′′′u,c1 , Q), c1τ(1, Q))

+ min(τ(y′′′u,c1+1, P ) + . . .+ τ(y′′′u,M , P ),

(M − c1)τ(0, P ))− C(c1)

=c1τ(1, Q) + (M − c1)τ(0, P )− C(c1),
(20)

u1(c1 − 1, s′′′) =min(τ(y′′′u,1, Q) + τ(y′′′u,2, Q) + . . .

+ τ(y′′′u,c1−1, Q), c1τ(1, Q))

+ min(τ(y′′′u,c1 , P ) + . . .+ τ(y′′′u,M , P ),

(M − c1)τ(0, P ))− C(c1 − 1)

=c1τ(1, Q) + (M − c1)τ(0, P )− C(c1 − 1),
(21)

and
u1(c1 + 1, s′′′) =min(τ(y′′′u,1, Q) + τ(y′′′u,2, Q) + . . .

+ τ(y′′′u,c1+1, Q), c1τ(1, Q))

+ min(τ(y′′′u,c1+2, P ) + . . .+ τ(y′′′u,M , P ),

(M − c1)τ(0, P ))− C(c1 + 1)

=c1τ(1, Q) + (M − c1)τ(0, P )− τ(y′′′u,c1+1, P )

− C(c1 + 1).
(22)

We compare the utility of each pure strategy (other than c1)
in s∗1 with the utility using the strategy c1. From (20) and (21),
the utility difference between c1 and c1 − 1 is

u1(c1, s
′′′)− u1(c1 − 1, s′′′) =τ(y′′′u,c1 , Q) + C(c1 − 1)

− C(c1).
(23)

Since C(c1 − 1) − C(c1), u1(c1, s
′′′) > u1(c1 − 1, s′′′).

Furthermore, the utilities of the strategies smaller than c1 − 1
are also smaller than u2(c1, s

′′′).
From (20) and (22), the utility difference between c1 and

c1 + 1 is

u1(c1, s
′′′)− u1(c1 + 1, s′′′)

=τ(y′′′u,c1+1, P ) + C(c1 + 1)− C(c1)

=τ(y′′′u,c1+1, P )− α.

(24)

If α < τ(y′′′u,c1+1, P ), the ESS of population 1 is c1. If
τ(y′′′u,j , P ) < α < τ(y′′′u,j+1, P ), the ESS is j, where c1 +1 ≤
j ≤ s̄.

By properly choosing the parameters in the cost function,
i.e., α1, α2, and β1, the ESS can be the optimal strategies that
maximize the overall throughput.

IV. PERFORMANCE EVALUATION

In this section, we provide simulation results to show the
effectiveness of the proposed evolutionary game approach.
The femto base stations are uniformly distributed with density
0.5 m−2. We consider a femtocell network with 3 groups
of femto base stations, each having different traffic loads
and different configurations. The channel gain h follows the
exponential distribution with mean 1, i.e., Rayleigh fading, the
system bandwidth is 10 MHz, the downlink transmit power

TABLE II
PARAMETERS SETTINGS IN THE SIMULATION OF DYNAMIC TDD

EVOLUTIONARY GAME.

Density of femto base stations 0.5 m−2

System bandwidth 10 MHz
Downlink transmit power 10 Watt
Uplink transmit power 0.1 Watt
Number of subframes in a frame 10
Traffic load of group 1 UL: 1, DL: 9
Traffic load of group 2 UL: 5, DL: 5
Traffic load of group 3 UL: 9, DL: 1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
7

7.5

8

8.5

9

9.5

10

10.5

11

x
2

T
hr

ou
gh

pu
t

 

 

Proposed evolutionary game
Evolutionary game w/o cost function

Fig. 2. Throughput comparison under different x2 and x3.

is 10 Watt and the uplink transmit power is 0.1 Watt, and
there are 10 subframes in a frame. The femto base stations
in group 1 have 1 unit of uplink traffic load and 9 units of
downlink traffic load, the femto base stations in group 2 have
5 units of uplink traffic load and 5 units of downlink traffic
load, and the femto base stations in group 3 have 9 units of
uplink traffic load and 1 unit of downlink traffic load. We set
the ratio of the femto base stations in group 1, x1, as 0.05.
The parameters are summarized in TABLE II.

First, we compare the system throughput of the proposed
evolutionary game and the evolutionary game without con-
sidering the cost function/interference. We set the ratio of x2

and vary the ratio of group 1 and group 3 to observe the
throughput gain from the proposed scheme, as shown in Fig. 2
and Fig. 3. It can be observed that the throughput gain is higher
when the ratio of x2 is lower, which is because when there
are more uplink subframes, the interference affects more. The
proposed scheme considers interference, and hence reduces
the interference on uplink subframes of group 2 and group 3
and increases the throughput gain. In Fig. 3, higher throughput
gain also appears at lower x1.

The convergence of the proposed evolutionary game is
shown in Fig. 4. The average strategies of group 1 femto base
stations are denoted as s1 and the average strategies of group 2
femto base stations are denoted as s2. Note that once s1 and
s2 are given, the average strategies of group 3 are determined.
We can see that the strategies converge at about generation 14.

In Fig. 5, we compare the proposed evolutionary game
approach with two other schemes: dynamic TDD without
considering the cost function/interference and the traditional
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Fig. 3. Throughput comparison under different x1 and x3.
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Fig. 4. Convergence of dynamic TDD evolutionary game when x2 = 0.2.

fixed TDD (which means that all femto base stations use the
same configuration). We also compare the performance of the
evolutionary game with a centralized throughput optimization
approach in which the solutions are obtained via convex relax-
ation. It can be observed that the proposed scheme achieves
higher throughput than both the traditional fixed TDD and the
scheme without considering the cost function/interference, and
approaches the performance of the centralized approach. This
shows the effectiveness of the proposed distributed evolution-
ary game approach.

V. CONCLUSIONS

In this paper, we have proposed a distributed femto base
station dynamic TDD configuration selection mechanism using
evolutionary game with multiple populations. The simulation
results have shown the throughput gain of the proposed
evolutionary game framework. We have also shown the ESS
of the considered evolutionary game.
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