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Abstract—This paper focus on energy efficiency (EE) in
Coordinated Multi-Point (CoMP) transmission with perfect
feedback under single-user scenario. Considering the power
consumed by cooperative BSs, an energy-efficient optimiza-
tion function is established. This optimization goal is simpli-
fied after analyzing capacity of non-CoMP and CoMP. Then
the relationship between energy efficiency and cooperative
BSs’ number is analyzed. Simulation results show that when
the selected number of cooperative BSs is smaller than a
threshold, EE increases with the increasing of the number of
cooperative BSs and when it exceeds the threshold, EE de-
creases with the increasing of the number of cooperative
BSs.

Index Terms—Coordinated Multi-Point;Energy-Efficient;
Green communications

L INTRODUCTION

In many practical systems, SINR is low, especially near
the cell edge. Coordinated Multi-Point (CoMP) transmis-
sion technology is proposed to solve this issue by 3GPP
[1].

There are two main schemes available for CoMP
transmission: Joint Processing (JP) and Coordinated
scheduling/beamforming (CS/BF).JT-CoMP, in LTE-
Advanced HetNets under unreliable backhaul network is
investigated in [2]. The user throughput and spectral effi-
ciency of CoMP is analyzed in[[3]. Similarly, a downlink
transmission mode selection method is proposed in [4].

However, one of the main challenges in CoMP trans-
mission is energy consumption as several information
between coordinated BSs need to be exchanged[5]. The
detailed survey on energy efficient CoMP has been dis-
cussed in [6]-[8].

A energy-efficient design for heterogeneous network
(HetNet) CoMP architecture is proposed [6]. A scheme to
maximize the minimum weighted energy efficiency (EE)
with QoS constraint is given in [7]. A approach of energy
efficient CoMP precoding is designed in HetNets
[[8].Enhanced Multimedia Broadcast Multicast Service
(E-MBSFN), as a multi-cell transmission system, intro-
duces a single frequency network transmission, namely
realizing synchronized transmission using the same block
of time and frequency in multi-cells[9].

In this paper, differently from other recent papers, the
relationship between energy efficiency (EE) and coopera-
tive

BSs’number is explored in this paper. Considering the
power consumed by cooperative BSs, an energy efficiency
(EE) function is derived. Then the issue about EE vs.
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cooperative BSs’number is investigated by means of
mathematical analysis.

The paper is organized as follows. In Section II, the
system model is introduced. Section III formulates the
problem and proposes the solutions. In section IV, simula-
tion results are shown and analyzed. The paper is con-
cluded in Section V.

Notations: ||()|| ) ||(-)||F denote the spectral norm and the

Frobenius norm respectively. The transpose, the conjugate
(Hermitian) transpose are written as(-)" and (-)” respec-

tively. diag(a,L ,a,)is a diagonal matrix with elements

a,L ,a, on the main diagonal. £ {} is the expectation
operator

II.  SYSTEM MODEL

A. System model based on the single-user scenario

The system model is based on the single-user scenario.
The model of the multi-user scenarios is easily obtained
by generalizing the single-user scenario. On the principle
of cooperative cell clustering and for single cluster collab-
oration model, a typical double-cell cellular collaboration
system composed by seven hexagonal cell is considered.
The single-user downlink model is shown in Figure 1. The
cell edge user UE simultaneously receives the transmis-
sion signal from the serving cell Cell 0 and two coopera-
tive cells i.e. Cell 1and Cell 2. The transmission signals of
the remaining cells are interference sources. While the cell
center user UE only receives the transmission signal from
Cell 0.

Figure 1 shows the system model based on the single-
user scenario. For the network consisting of seven cells,
i.e., the base station number M is 7,and each base station

is configured with N transmitting antennas, and the

mobile users are distributed randomly and uniformly in
each cell. Each base station can select several base stations
to collaborate with. Furthermore, the user is equipped with

a single receiving antenna, thatis N = 1.

For the primary cell user, the received signal is

m~'m

6
y=h,w/x, +2hmwﬁx +n (1)
m=1

where, x denotes the downlink single-stream data;

h is the channel vector from the base station to this user;
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w'Hn is the precoding matrix from the base station to the

user, and " is the additive Gaussian white noise with the
mean of 0 and variance of 1.

the serving cell signal
the cooperative cell signal ——»

—>

Figure 1. The model of CoMP based on the single-user scenario

B. Ergodic Capacity

When the user without using CoMP technology is in the
center region, the Ergodic capacity of non-CoMP C™ can
be organized into

e
2

h H 2

E Wi X . } +0

6
E
Here, Y is defined as the cooperative set of the user; the

AN _ it

)

og,(1+

m=1

interfering set isY ; the size of Y is referred to as M ¢

which means the number of the cooperated base station.
Then the Ergodic capacity of COMP C® can be organized
into can be defined as

E{fpws

> )
E th,wfjxm, +0’
me F

where H = [h, h, L h, [ w= [w),w,L,w,|.

c

~C

=E, [log,(1+

The solution to this problem is as follow: First, a radius
(r,q) is provided to draw the boundaries of CoMP and
non-CoMP area. Then, in the CoOMP area we select the
cooperative BSs by the principle of proximity.

Due to cellular system with good symmetry and assum-
ing all users and base stations are distributed uniformly,
the approximately probability density function for (r, q)
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is f(p,ﬁ)zwp,OSpsR,Osﬁs%r 4)

Ergodic capacity of the user in the cell is given below
considering the hexagonal symmetry
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_ T, _ xR .
C =65 [/ Pf(0.0)C dpd6+6 [, [0 pf (p,6)Cdpdo (5)
6 6

where CN,CCshow the subscriber capacity located at
the region of non-CoMP and CoMP respectively.

C. Power Consumption

The total power consumed by the CoMP system in-
cludes two parts: one part is counted as circuit

erP. ;The other power is consumed by the cooperative

stations to exchange information. Then, the total power
can be expressed as

P

total

= M_P, +P. ©6)

Where M. represents the number of cooperative sta-
tions in this model.

D. Energy-efficient Mathematical model
Energy-efficient CoMP model is given by

C
max EE = max ————— @)
rMc rMc (MCPO +PC)

Wherek is a positive number, acts as a weight factor,
(2which is independent of the other parameters.Here, a new
function @(M.,r,A)is defined as

¢(Mcaraﬂ’) =C_je

g

MM B+ R (®)

Where A is a positive number.Then the optimization
problem can be converted as

max FE = max (M .,r,A) = C_'erg -AM B +P.)
rM,. r,M,

0<r<\/§R/2
cN,Cc*

A>0
k=1LkEN"

©)
s.t.
)

III.

When the user is in the service cell-center area , i.e.
(p.0) € Sy, the ergodic capacity of non-CoMP is
2
E{Jywx [}

o 2
E Ehmexm +0°
m=1 F

In this mode, precoding vector w" (m = QL , 6) is ran-

THEORETICAL ANALYSIS

CN =E,|log,(1+ )y (10)

dom variable independent of channel information as well
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as data information, and obeys independent complex

2
Gaussian distribution, and E{"WZ'"F}=P where P is

the transmitted power of the mthbase station. Therefore,

we get

E{Jbwi x|, = £ b
6 2 6 (1 1)
E{ Ehmwzxm }= E[)m hm i
m=1 F

m=1
Without considering shadow fading, the channel fading
variable is denoted by mth'h =1 f , where [ is for

the large scale fading and f is fast fading random vectors
that obeys complex Gaussian distribution.

2
CN =E,|log,(1+ - Rl "fOHF

Y p.L,

m=1

)| (12)

f, ||i +0°

where, L = Ij. represents power loss factor generated
by path loss.

When a user is at the edge of the cell, it chooses the
nearest coordinated base stations to send downlink data.
The remaining cells are non-cooperative cells, and the
user receives a signal from them as the interference signal,
which is denoted by

y1(1:1[ = 2 h;n'wr:l'xm' (13)

mew
The precoding vector and transmission signal are inde-
pendent random vectors, i.e.
2 }
g (14)

E { 2}=E{
W F ¢
= 3 e o
m'ewy

E h, wix,
mew
- Y Effn,w
2
For non-cooperative cell, let E{”wZ"F} =1,h, =11

C
y Int

mew
m'=m'

Ef”,vaZ,{ yICnt i}
= Y E {bh,hi}= Y 2B {t.0}= > N
mew mew m'ew

Based on the assumption that the power allocation on
each antenna are equal, the non-cooperative cell interfer-
ence is

P’ 2 2
1= 22n2 =N P2 (15
m;‘?’ Nt mg‘i’ ( )

The state ergodic capacity of the edge user is

& B, log, (14| (16)

E P +0

mew
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Then, the second derivative of EE can be obtained as
follows

=y iNtlj,: > PL (17) (1)

mew “ Vit meP

Where, [ = E iNtlj, = 2 P .
mew t mew
Obviously, the secondary derivation result is negative,
ie. OFE / OM_ decreasing from positive to negative.

r has an impact on decreasing speed. The physical mean-
ing of the formula is as follows. When the selected num-
ber of cooperative BSs is smaller than a threshold, EE

increases with the increasing of M . ; moreover, when it
exceeds the threshold, EE decreases with the increasing
of M. . The changing speed is decided by " .

The value I' represents the cell edge region. If the edge
region is close to the serving BS, it will result in that the
user do not need to cooperate. If the edge region is far
from the serving BS, it results in that the user can not
cooperate and the interference from neighbor BS is strong
enough to make the user performance degraded. There-
fore, the value cannot be too large or too small.

IV. NUMERICAL RESULTS

TABLE L.

SIMULATION SCENARIO AND PARAMETER
Scenario value
Channel model COST231 Hata Model
Cell Radius 1000m
standard deviation of shadowing 8dB
Antenna Gain 10dB
Carrier frequency 1.9 GHz
Channel bandwidth 20MHz
Path loss factor -3.7

The system simulation scenario and parameters are
shown as above.

According to COST231 Hata model, the path loss mod-
elis

PL[dB]= (44.9- 6.55log,, (hbs])logm(lgoo)+ 45.5+

(35.46- 1.1h )log,(f)- 13.82log, (h, )+ 0.7+ C

where, hbs’ hms are heights of BS’s and MS’s antenna;

d is the distance between the BS and MS; Parameters for
urban macrocells are.

h,=32mh = 15m,f = 1900MHzC = 3 dB
The correction model of the path loss is

PL = 34.5+ 35log, (d), d=z=35m.
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A. The Relationship between energy efficiency and
different coordinated BSs with k =1.

According to Figure 2, we can easily get a conclusion:
with the cell radius of 1000m, the user does not need to
select any BS to cooperate with within 300m from the cell
center; it needs to choose one BS within around 300m to
500m from the center, select two BSs within around 500m
to 650m from the center, select three BSs within around
650m to 750m from the center and select four BSs as
distance beyond 750m. If the edge region is close to the
serving BS, it will result in that the user do not need to
cooperate, which increases complexity,therefore,the ener-
gy efficiency of CoMP scheme is not high.

B. The Relationship between energy efficiency and
different radius of user location with k =1.

Figure 3 shows that the energy efficiency of CoMP has
a certain relationship with M .. When the selected num-
ber of cooperative BSs is smaller than a threshold, EE
increases with the increasing of M . » moreover, when it

exceeds the threshold, EE decreases with the increasing
of M

c

V. CONCLUSIONS

This paper addresses the energy efficiency analysis of
CoMP transmission. The energy efficiency (EE) optimiza-
tion problem is derived and simplified. We can draw con-
clusions from the above facts that the energy efficiency of
CoMP has a certain relationship both with cooperative
BSs’ number and cooperative radius. Moreover different
weight factor will bring in different energy efficiency
when the user is in the same position.
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