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Abstract

With the rapid development of green communications, energy consumption issue plays more and
more important role in cooperative communication strategies and communication systems. Based on
cooperative transmission model, a cooperative user selection scheme is proposed in consideration of
both energy efficiency and interference factor. With the proposed scheme, the selected cooperative
user consumes less energy and receives less interference. Furthermore, the main factor is analyzed to
affect system performance, including signal-to-noise ratio (SNR) of source user and cooperative us-
er, distance between source user and cooperative user or base station (BS) , and fading factor in the
transmission model. Through the proposed scheme, energy consumption and influence of interfer-
ence are jointly taken into account during the cooperative user selection process. Besides, bit error
rate (BER) in proposed scheme is also superior to existing schemes. Simulation results are presen-
ted to show the performance improvement of the proposed scheme.

Key words: green communication, cooperative communication, energy efficiency, interference

factor

0 Introduction

Research of cooperative communication needs date
back to 50 years ago. The cooperative communication
system is similar to the MIMO system, which can make
a single antenna of mobile station to obtain energy
gain. The basic idea is that the mobile station which
has a single antenna can follow a certain way to share
the antenna with each other in a multi-user communi-

This method can create a virtual
[1]

cation environment.
MIMO antenna system to obtain more energy gain
Cooperative communication includes two main fac-

" firstly, several idle mobile terminals ( MTs)

tors
may exist in the network, but probably only a few mo-
bile terminals have the communication requirements at
the same time. Secondly, with cooperative communica-
tions, the service quality of the mobile terminals can
be improved effectively'?’. Traditional cooperative
communication schemes mainly aim to improve the ca-
pacity performance of a single source-destination pair
with the help of single or multiple relays. Besides,

much attention has been paid to wireless cooperative
communication and relaying selection in previous work.

As concept of green communication has been in-
troduced , more and more researchers notice that energy
consumption and influence of interference in a coopera-
tive communication system has always been ignored.
Lots of references agree that the energy efficiency and
the interference factor should be emphasized on com-
munication network design'**’. Therefore, how to se-
lect a cooperative user with less energy consumption
and less interference in cooperative communication sys-
tems becomes a hot topic.

There exist many methods on the energy efficiency
issues of cooperative communications. A calculation
method of energy efficiency is given in Ref. [3], the
authors analyze the energy efficiency in different trans-
mission models, such as direct transmission, two-hop
transmission and decode-and-forward relay transmis-
sion. Ref. [4] proposes the total energy consumption
for a general class of cooperative communication based
on transmission schemes. The authors analyze the total
energy consumption of data transmission for cooperative
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communication systems, and they optimize it over a
more general class of relay selection ecriterion than
those considered in the literature. Both Refs[3 ] and
[4] emphasize the energy consumption in communica-
tion systems, however, the authors do not consider the
influences of interference. Besides, the influence of
the location between the source user and the coopera-
tive user, and the fading factors are not adequately
considered. Ref. [5] proposes a distributed coopera-
tive topology control scheme with opportunistic IC
(COIC) to improve network capacity in WANETs by
jointly considering both upper layer network capacity
and physical layer cooperative communications with in-
terference cancellation. Ref. [6] considers energy-effi-
cient transmit power control for uplink multiuser SIMO
systems when the BS has imperfect CSI using a game-
theoretic approach. The proposed energy-efficient up-
link power control game is shown to have at least one
Nash equilibrium. But neither of the authors have dis-
cussed the energy efficiency in cooperative communica-
tion systems. Based on the minimum total path loss se-
lection method, Ref. [7] proposes a scheme for coop-
erative relay selection. But it also does not consider the
energy efficiency and the influence of interference in
the process of cooperative transmissions.

Aimed to improve the energy efficiency and de-
crease the influence of interference in cooperative com-
munication systems, a cooperative user selection
scheme is proposed, which utilizes the energy efficien-
cy and the interference factor as a selection standard.
In order to verify the proposed scheme, a cooperative
communication model is considered which includes a
special case and a common scenario. Refer to the con-
cept of energy efficiency, a concept of interference fac-
tor is proposed, which describes the strength of the in-
terference. Based on the cooperative communication
model and the concept of energy efficiency and interfer-
ence factor, an effective scheme to select the coopera-
tive user is designed. This scheme includes two steps.
In the first step, according to SNR, the distance be-
tween source user and cooperative user, and the fading
factor, the scheme could determine the scope of the
candidate cooperative users, the scope helps the coop-
erative user selection. In the second step, with the
joint energy efficiency and interference factor, the opti-
mal cooperative user from the set of candidate coopera-
tive users is selected.

The rest of the paper is organized as follows. The
cooperative transmission models of the proposed scheme
are presented in Section 1. In Section 2, the concept
of energy efficiency and interference factor are given,
and a cooperative user selection scheme based on ener-

gy efficiency and interference factor is proposed. Simu-
lation results are presented and discussed in Section 3.
Finally, this study is concluded in Section 4.

1  Cooperation transmission model of the
system

This section describes the transmission model with
cooperative communication systems. And both energy
efficiency and interference factor are considered to se-
lect the cooperative user in these transmission models.

1.1 Cooperative transmission model

Fig. 1 shows a typical model of three-node cooper-
ative communication network. Cooperative communica-
tion process is in two time slots; in the first slot, the
source user sends information to both cooperative user
and BS simultaneously; in the second slot, the cooper-
ative user receives the signal and processes it. Then
the cooperative user will transmits the signal to BS. Fi-
nally, BS merges the two signals'®'.

IN
Slot 1 %‘

Direct Transmission

Fig.1 Cooperative communication model of the three-node

The received signal y, at BS is specified as'®’

Ysa = /FTlhsdxs +ny (1)
where «x is the transmitted information symbol, P, is the
transmission power of the source user, h is the chan-
nel coefficient between the source user and BS and n,
is the additive Gaussian noise, which obeys as zero-
mean and unit variance.

The received signal y,, at the cooperative user from
the source user and the received signal y,, at BS from

. . . 10,11]
the cooperative user are respectively specified as''*'"

y, = /Phx, +n, (2)

Yea = /FTzhrdxr +tn, (3)
where P, is denoted as the transmission power of the
cooperative user, h, is denoted as the channel coeffi-
cient between the source user and the cooperative user,
h,, is denoted as the channel coefficient between the
cooperative user and the BS, x, and x, are denoted as
the transmitted signals from the source user and the co-
operative user, respectively. Besides, n, and n, are
denoted as the additive white Gaussian noise for the co-
operative user and BS, respectively. They follow the
Gaussian distribution with zero-mean and unit vari-
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ance.

1.2 Cell model
1.2.1

In order to decrease the computational complexi-

Special case

ty , simplify the environment of cooperative communica-
tion systems and verify the proposed algorithm clearly,
a special case of cell models in a cooperative communi-
cation system is proposed, which includes X(X =1,2,
-++) source users, Y(Y=1,2,--+) BSsand Z(Z =1,
2,---) idle users. It is supposed that there has a
straight line between the source user and BS, making a
perpendicular bisector of this line. The Z idle users are
equidistant distribution along with the perpendicular bi-
sector in the cell. For the sake of simplicity, the cell
model with X =1, Y =1 in the special case is presen-
ted. Besides, it is assumed each path in the cell with
the conditions of same fading factor. An example of the
special case is shown in Fig. 2. For the energy efficien-
cy and the interference factor (the definitions will be
listed in the following section) in cooperative commu-
nication systems, the special case has significant repre-
sentation. However, this special case has particularity
in daily life and it has limitation in communication sys-
tems. Therefore, without loss of generality, the com-

mon scenario will be discussed in Section 1.2.2.

Fig.2 The special case of cooperative communication model

Combining the cooperative transmission model in
Fig. 1, it is assumed that the power of a source user is
P;, the candidate cooperative user receiving the power

from source user P, can be expressed as

ln -a
Pm = Pi - (Fn) (4)

where [, denotes the distance between the source user
and the cooperative user, H, is the antenna height, o is
the path fading factor.

It is assumed that the environment of a cooperative
user to BS is the same as the source user to the cooper-
ative user. Therefore, the receiving power of BS P,
can be expressed as

N (5)

n

P, =P

dn m

where x, is the distance from the cooperative user to
BS.

According to Eqs (4) and (5), the receiving
power of BS P, is deduced to

ln -a xn
H, ) (H

n

P

=P~ ( ) (6)

In order to establish the relationship with trans-
mission power and SNR, substituting Eq. (6) into the
definition formula of SNR'"?' | the relationship between

dn

SNR, distance, power and fading factor can be ex-
pressed as

l” - xll -
P () (G
SNR = 10 log,, ( ) (D

where N denotes the noise of the system. For the sake

of simplicity, letl, = x, = d, the Eq. (7) can be sim-
plified to

P (L)

i

SNR = 10 log,, (——"——) (8)

Based on Eqs(7) and (8), the scope of SNR,
the distance between source user and cooperative user
or BS, and the fading factors can be determined. In
addition, if two parameters of SNR, distance and fa-
ding factor are determined, the scope of the third index
can be calculated.

1.2.2 Common scenario

The special case has some limitations in cell mod-
els of a communication system, and it may not satisfy
the realistic situation in the daily life. In order to ana-
lyze the universality and adaptability of the proposed
algorithm, a common scenario is also considered which
is similar to the realistic communication cell in daily
life. Unlike the special case of cell models, in the
common scenario, the Z idle users are randomly dis-
tributed in the cell. The distances between each candi-
date cooperative user are unequal. Meanwhile, the fa-
ding factor of each path may be different in this case.
Besides, each candidate cooperative user has different
channel environment. Therefore, the common scenario
is similar to the actual environment. A common scenar-

io of cooperative communication network is shown in

Fig. 3.

In this case, the receiving power of the BS P, can
be expressed as
l x
P — P~ o (Y Ton N Tay
dn i (H") (H ) (9>

n
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Base tation

Candidate
cooperative user

Fig.3 The common scenario of cooperative
communication model

where «,, denote the path fading factor of source user to
candidate cooperative users, a;; denote the path fading
factor of candidate cooperative users to the BS.

According to Eq. (9), the relationship between
SNR, the distance from the source user to the coopera-
tive user, the power and the fading factor can be ex-
pressed as

H

Zn -a xn —a;
P, () (B
SNR = 10 log,,( . :

)

(10)
The conclusions about the relationship of SNR,

N

distance between the source user and cooperative user
and the fading factor in Section a) are similar to the
condition in common scenario of the cell model. Be-
sides, the conclusions in latter section are both suitable
to the special case of the cell model and the common
scenario of the cell model.

1.3 Analysis of bit error rate( BER)

In the proposed cell model of common scenario,
the Gaussian interference model for fading channels
provides the exact BER expression ( as proven in
Ref. [13]), the exact instantaneous BER expressions
of source user to cooperative user and cooperative user
to base station can be written respectively as

- LR
7= oc 2|k

n

2

+ SNR

2

- SNR

D ln —a, xn —a;

= o G g

(11)

where P} and P}, represent BER of source user to coop-

erative user and cooperative user to base station, re-

spectively.

According to Refs[13] and [ 14], BER of pro-
posed system model can be expressed as

Pe = P{ - (1 -Py) +Py - (1 -P§) +P5 - Py

(12)

If the noise follow the Gaussian distribution with

zero-mean and unit variance, Eq. (12) can be ex-

pressed as
Pe = E[Q( /21 h1°SNR) ]
1 SNR 1
=5 (- 1 + SNR’ ~ 4SNR (13)

2 Algorithm of energy efficiency and inter-
ference factor

The concept of “green communication” is more
and more popular in the development of wireless com-
munication, the energy consumption becomes a hot is-
sue in cooperative communication systems. There is a
trend that using less energy consumption in communi-
cation industry. Besides, the interference problems in
communication system cannot be ignored, any wireless
communication system exists interference problems. In

. . . 15
exist green (’,ommumcatlonL ]

, more technologies con-
cerning energy efficiency are considered by the re-
searchers. However, the influence of interferences in
communication system may be ignored. For example,
in some cases, the cooperative user may consume less
power, but the cooperative user receives more interfer-
ence information. The scheme which ignores the inter-
ference may affect the reliability in cooperative trans-
mission systems. Analogously, if the cooperative com-
munication system may emphasize interference and ig-
nore the energy consume, the energy may be wasted
and the energy efficiency may be decreased. There-
fore, a new effective scheme is proposed to select the
cooperative user, the impact of energy efficiency and
interference factor are considered in this scheme.

2.1 Energy efficiency

The study refers to the concept of energy efficien-
cy which is given by Ref. [3], the energy efficiency is
defined the achievable information transmission per
Joule energy consumption with bit per Joule as the u-
nit.

Given a transmission pair with transmission pat-
tern g(n) , the total consumption of the transmission is
P s €

mission system. Energy efficiency £, can be ex-

, is the achievable throughput in the trans-

g(n

pressed as'”’
c
_ g
Eg(n) - P <14>
g(n)

For the transmission model in Section 1, let 7y,
and v,, denote the received SNR from the source user to
the cooperative user and from the cooperative user to
the BS, respectively. Therefore, the achievable link

capacity can be expressed as''’
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1 .
Cg(n) = ? mln% CSRn’CRDn%
1.5 -
Csp, = Blog, (1 + ’)’1,7,0'* ) (15)
0.2 -0
1. 5')’2110'*

C., =Bl 1+
RDn 0g2< 0.2 _0_*)

where o * is the target outage probability, which can be

expressed as''”

o-*(PrIn>2 - (kln + an)PrIn +klnk2n = 0 (16)
N

In the special case, k,, = k,, = (dTn)_“; and
. . N
in the common scenario, k, = ————, k,, =
(L/H,) "
T\
(x,/H,) "

In the transmission model, three nodes are in-
volved in the data transmission process. The process of
communication has two transmission slots, there are
two parts of power consumed. In the first time slot, the
source user sends the information to both the coopera-
tive user and the BS simultaneously.

In the second time slot, the cooperative user
sends the information and the BS receives the informa-
tion from the source user. The power can be expressed
aS[]X,l‘)]

Py =2P, +P, +P,
Pipo =P, + P,

P =Py, +P,, =2P, +2P, +2P

dn

(17)

Therefore, the energy efficiency in our proposed

g(n) slot slot.

scheme can be expressed as

|
? mln{ CSR,, ’ CRDn }

E, = 1
€ T P 4 2P, +2P (18)

dn
2.2 Interference factor

In a communication system, there are many kinds
of interference from other users and BSs. Especially,
in a cooperative communication system, the cooperative
user not only receives the signals from the source user,
but also receives the interference signals from other us-
ers or other BSs. Therefore, the interference is not
avoidant in a communication system.

Compared with the definition of energy efficiency,
in this work, the concept of interference factor can be
given as follows. The interference factor is defined to
the interference information transmission per Joule en-
ergy consumption with bit per Joule as the unit. The
concept of interference factor is aimed to accurately de-
scribe the situation of interference which is received by
the source user and the cooperative users. With the in-

terference factor, one can achieve the interference con-
dition of each node in a communication system.
Through the interference factor, the set of the candi-
date cooperative users which receive less interference
signals can be determined, and the reliability of coop-
erative communication can be assured. The optimal co-
operative user from the set of candidate cooperative us-
ers may be selected based on the interference factor,
the interference factor plays an important role in a co-
operative communication system.

Given a transmission pair with transmission pat-
tern h(n), compared with the energy efficiency, the
definition of capacity and power can be defined as

C,
Liw = 5" (19)
(n)
Ph(n,)
Let C,,, denote the capacity of interference infor-
mation, which includes the information from other

transmitters. And the total power consumption of inter-
ference is P, 12021,

For C,,, , it can be expressed as follows:

Prll
Chy = Blog, (1 + m) (20)

m,n

where P, denotes the power of cooperative user, n, de-

notes the channel noise power and i, , denotes the path

m,n

fading from the mth idle user to the cooperative user.

According to the path fading, h, , can be ex-
pressed as'?*’
h/ﬂ n = (d”7)7a (21)
; H

n

where d,, denotes the distance from the mth idle user to
the cooperative user.

For P, , it can be expressed as
N

Ph(n) = _1 . hlzn,an + Un (22)

Therefore, the interference factor in this transmis-
sion model can be expressed as

Prn
Blog,(1 + ——"—)

c R P +n
h(n) m,n" 0
Ly = = ; (23)
1(n) N
h(n) 2
E h, P +n
, 0
m=1,m#n,i e

Different from the concept of energy efficiency and
Eq. (18), the interference factor is mainly considered
by the candidate cooperative user which receives the
interference signals from all the other users. Through
calculating each interference factor of the candidate co-
operative user, the interference condition of each can-
didate cooperative user can be obtained. Thereby the
set of candidate cooperative users can be determined
which satisfies certain constraints.
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2.3 The proposed strategy

According to the energy efficiency and the interfer-
ence factor, an effective scheme to select the coopera-
tive user is proposed. Firstly, according to Eq. (8),
the scope of the main parameters can be obtained,
such as SNR, the distance between the source user and
the cooperative user or BS and the fading factors. The
number of users can be obtained which satisfies the
scope of the main parameters. Secondly, the interfer-
ence factor of the users will be calculated which is de-
termined in the first step, and a set which includes the
candidate cooperative users will be obtained and these
candidate cooperative users are selected by the thresh-
old of the interference factor. On this basis, the suit-
able cooperative user which has the maximum energy
efficiency from the set can be selected.

The basic process of the proposed algorithm has
two steps. In the first step, according to the interfer-
ence factor, parameter 8 is set which denotes interfer-
ence factor threshold of the candidate cooperative user.
If0 < I, < B, the users which match this condition can
be selected as the candidate cooperative users, where
I, denotes the interference factor of the mth user. Set U
of the candidate cooperative user can be expressed as U
= (U, Uy, U,}.

In the second step, based on the energy efficien-
¢y, the candidate cooperative user is selected from set
U which has maximum energy efficiency as cooperative

user.

) (24)

The flow diagram of the proposed strategy, with

= argmax ( Cotn
n g(n) el Pg(n)

joint consideration energy efficiency and interference
factor is shown in Fig. 4.

As mentioned above, the condition of the pro-
posed objective function R, is denoted as

P
B1 1+ —F——
ng( n() + h‘2 Prn>

m,n

N
2 h‘zm,nprn + ny
R . m=1,m#n

Cg(n)

U:O <

N

m e

flg(n)) = argmax( )

C
P

g(n)

>0
>0

g(n)

g(n)
(25)

According to Eq. (25), in order to improve the
energy efficiency and reduce the influence of interfer-
ence, the energy efficiency and interference factor are
proposed, respectively. Meantime, the objective func-
tion R, is defined as an important index to select the
cooperative user. Refer to Eq. (25), a set of the can-

didate cooperative user is determined at first, and if
more than two candidate cooperative users satisfy the
scope of 0 < I, <, Eq. (24) is utiliyed to select the
optimal cooperative user. Using this approach and

based on the objective function R

Set interference factor £ threshold of the candidate cooperative user

l

Calculate the interference factor /, of the candidate cooperative user ‘

the cooperative us-

m?

er can be selected.

NO L<p

YES

Construct a set U include the candidate cooperative user
which satisfy the conditions

l

Calculate energy efficiency g, of the candidate cooperative user from set U

According energy efficiency, select the candidate cooperative user j

which has maximum energy efficiency as cooperative user of user i

Fig.4 The flow diagram of proposed strategy

3 Simulation results and discussions

This section simulates the proposed scheme of se-
lecting cooperative user, uses the software which
named MATLAB to simulate the results. Based on the
special case of the cell model, the simulation results
are divided into two parts, one is the relationship of the
path loss factor, distance between the source user and
the cooperative user, the number of cooperative users
and SNR; the other is the influence of energy efficien-
cy and interference factors. In order to discuss it easi-
ly, it selects the special case of the cell model as the
simulation environment. Table 1 shows the main pa-

. . . 23
rameters of the system simulation environment .

Table 1  Parameters of the system simulation environment
Parameters Description
Band width 10kHz
Distance of each idle user 50m
Distance between the source user
and the cooperative user 2k ~ 7l
Path fading factor o 1.1.10
Threshold of SNR 5dB ~25dB
System noise 10dBm
Antenna height Im
Transmission power 50W
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In Fig.5, the simulation results focus on different
transmission style versus the energy efficiency. The re-
sults are simulated in three cases, the energy efficiency
of cooperative user and base station in cooperative or
direct transmission model, respectively. From Fig.5,
the energy efficiency with different transmission style
still decreases with the increasing path fading factor in
the cell. Meanwhile, the energy efficiency in coopera-
tive transmission is better than in direct transmission.
For example, if there have enough idle users in the
cell, when the path fading factor reaches 3, the energy
efficiency reaches about 0.085 in direct link, but the
energy efficiency of cooperative user and base station in
cooperative link can be reached to 0.11 and 0.097,
respectively. The simulation results illustrate that the
energy efficiency has the advantage in cooperative

transmission than in direct transmission.

0.14 T T T T T

—6— no direct link-cooperative user
0.13 - —+— no direct link-base station 1
—&— only direct link

0.12

o
—_
—

Energy efficiency

Path fading factor

Fig.5 Relationship between path fading factor and energy effi-

ciency with different transmission model

In Fig.6, the simulation results illustrate some
changes by energy efficiency in the communication sys-
tem. The results are obtained in different fading fac-
tors. The lower path fading factor, the better energy ef-
ficiency. When the distance between the source user
and the cooperative user is set 2000 m, the energy effi-
ciency reaches 0.09. When the path fading factor is 3,
it is better than the energy efficiency when the path fa-
ding reaches 5 or 7. On the other hand, when the en-
ergy reaches 0.05, the maximum distance from the
source user to the cooperative user is about 3500 m
with high fading factor, while the maximum distance

can reach about 4200 m with low fading factor**'.

0.1 T T T r T T T

0.09 —o— a=30]| A
—— a=50
0.08 | a8 a=70]| A

2 o o
[=3 [=1 (=3
W (= ~

o -

Energy efficiency
=
o
B

2 2.5 3 35 4 4.5 5
Distance (km)

Fig. 6 Relationship between distance and energy efficiency with

different fading factor

In Fig.7, the simulation results show that the
characteristic of the interference factor. From the re-
sults, at the high fading factor, the influence of the
transmitter versus the cooperative user is obvious, and
the trend is steady, it is still at nearly 1.8 x 107>, At
the low fading factor, for example, when the fading
factor reaches 5, the tendency reduces obviously. On
the other aspect, the fading factor is set 3, the interfer-
ence factor reaches about 1.2 x 10 ~* when the distance
reaches 2000m, while it decreases to 1.05 x 10~°
when the distance reaches 6500m. The reason is that
the number of the candidate cooperative users in
2000m is more than the number of users in 6500m.
Therefore, there has more interference from the other

users in short distance.

%
L
1.8?—9—9—9—9—9—8—5—5—9—9—9—5_5_5_9_5_9_5_‘]]
1.7+ —6—a=30| 4

—+— a=50
8 —&— a=70
g16f < 1
&
Q
% L5+ 1
S
L »
E o M
E 2
13+ E
1.2} E
L1 M
1 1 1 1 1 1 1 1 1 1
2 25 3 35 4 45 5 55 6 65
Distance (km)
Fig.7  Relationship between distance and interference factor

with different fading factor
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Fig. 8 characterizes the relationship between ener-
gy efficiency and interference factor in cooperative
communication system. It can be seen that the energy
efficiency increases with low interference factor and de-
creases with high interference factor. There will be a
tradeoff between energy efficiency and interference fac-
tor in the proposed scheme, if interference factor is
minimum, the energy efficiency cannot reach maxi-
mum. For examples when path fading factor is 3.0,
the energy efficiency of cooperative user can reach the
maximum value when interference factor is about 1.3 x
10 . Tt illustrates that the cooperative user can be se-
lected with maximum energy efficiency but not mini-
mum interference factor in the cooperative transmis-
sion. Compared with different path fading factor, it can
be seen that the tendency of relationship between ener-
gy efficiency and interference factor is almost the
same. Because of the existing tradeoff point, it cannot
ignore the influence of energy efficiency and interfer-

ence factor at the same time in cooperative process.

0.25 T T T T T T

Energy efficiency

0 1 1 1 1 1 1 1 1
0.001 0.0011 0.0012 0.0013 0.0014 0.0015 0.0016 0.0017 0.0018 0.0019
Interference factor

Fig.8 Relationship between energy efficiency and interference

factor with different fading factor

Except the energy efficiency and interference fac-
tor, BER in different transmission model is also com-
pared. The simulation results are shown in Fig. 9. For
the sake of fair comparisons, it can be seen from Fig. 9
that the reliability of transmission considering the inter-
ference factor in the proposed scheme is improved
gradually. It illustrates that the BER versus SNR per-
formance of the proposed algorithm in cooperative
transmission outperforms the existing algorithm in direct
transmission which was proposed in Ref. [7]. Superi-
ority of the proposed scheme over the existing scheme
is evident at lower SNRs. Comparing the direct trans-
mission when SNR is 5 dB, the BER of data which is

received by the base station in cooperative transmission

can be reduced about 3 x 10~'. Meanwhile, same to
BER, the cooperative user or the base station in coop-
erative transmission can be achieved more SNR gain.
For example, when BER reaches 107", the base sta-
tion in cooperative transmission is capable of achieving

4 dB SNR gain than the base station in direct transmis-

sion.
10° T T T T T -
—6— proposed algorithm-base station
—#— proposed algorithm-cooperative user
—&— only direct link
& 10"
& [ o
1]
102 ' ! L ! L !
5 7 9 11 13 15 17 19
SNR

Fig.9 Relationship between SNR and BER with different trans-

mission model

Due to the limited space in this paper, all the
simulation results cannot be listed in both the special
case and the common scenario. However, the results
in the common scenario have the same tendency as the
results in the special case. Whether it is the common
scenario or the special case, the BER decreases along
with the increasing SNR. The simulation results have

consistency in two cases.

4 Conclusions

In this study, transmission models are proposed,
the concept of energy efficiency and interference factor
are discussed. In the special case of transmission mod-
els, the relationship of path fading factor, the distance
between source user and cooperative user or BS and the
scope of SNR is studied. and the different environment
to illustrate the influence by three factors is set. When
the distance and SNR are determined, the maximum
path fading factor could be selected. From the simula-
tion results, the scope of candidate cooperative users in
different environment has been presented. Besides, the
energy efficiency and the interference factor based on
cooperative transmission model is proposed. For energy
efficiency, a calculation method is discussed in pro-
posed models. And for interference factor, the influ-
ence of interference from other users to the cooperative
user is introduced. According to the simulation results,
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the performance of energy efficiency and interference
factor in proposed cooperative communication model
are also verified. Furthermore, the effective strategy to
select the cooperative including energy efficiency and
interference factor in proposed scheme is discused.
Based on these indices of efficiency, a cooperative user
with high energy efficiency and less influence of inter-
ference could be selected. Both power consumption
and BER performance are illustrated that the proposed
scheme really outperforms the existing algorithm.
Therefore, the proposed scheme had great advantages
compared to the existing scheme in cooperative user se-

lection.
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