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Abstract: In order to achieve higher system energy efficiency
(EE), a new coordinated multipoint ( CoMP) -transmission-
based scheme selection energy saving( CTSES) algorithm is
proposed for downlink homogeneous cellular networks. The
problem is formulated as an optimization of maximizing
system EE, under the constraints of the data rate requirement
and the maximum transmit power. The problem is decomposed
into power allocation and alternative
problems. Optimal power allocation is calculated for CoMP-JT

scheme selection
(joint transmission) and CoMP-CS ( coordinated scheduling)
transmissions, and the scheme with higher EE is chosen.
Since the optimal problem is
optimization problem for both CoMP transmission schemes,
the problem is transformed into an equivalent problem using

a nonlinear fractional

the parametric method. The optimal transmit power and
optimal EE are obtained by an iteration algorithm in CoMP-JT
and CoMP-CS schemes.
proposed algorithm offers obvious energy-saving potential and

Simulation results show that the

outperforms the fixed CoMP transmission scheme. Under the
condition of the same maximum transmit power limit, the
empirical regularity of user distribution for scheme choice is
presented, and using this regularity, the computational
complexity can be reduced.
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green radio; coordinated

reen radio enjoyed popular support in past years.

From an operator’s perspective, decreasing energy
consumption will reduce operating expenditure ( OPEX)
costs. From the point of environmental protection, an ev-
er increasing expenditure of energy directly leads to the
rise of carbon dioxide emissions. Naturally, there is an
imperative need to find more effective ways of reducing
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energy consumption in future wireless communication
systems.

Generally speaking, energy efficient technologies are
mainly divided into the following three aspects: energy
saving technology in base stations, network deployment
strategy and enabling technologies'”!. The coordinated
multipoint (CoMP) transmission technique is one of the
enabling technologies, which has the potential to promote
system EE”™ . Based on different data sharing and chan-
nel state information (CSI) feedback mechanisms, CoMP
transmission is mainly classified into joint transmission
(JT) and coordinated scheduling ( CS) transmission
schemes'”’. Extensive work has been done in the area of
CoMP and there is no doubt that the cell-edge user’s ca-
pacity can be effectively improved under CoMP transmis-
sion””™ . However, higher capacity is not necessarily re-
lated to higher EE because of the additional power con-
sumption for the signal processing and backhauling!” . EE
comparison between CoMP and the conventional non-
CoMP system is presented over realistic power consump-
tion models (PCM) in Ref. [8]. The overall energy con-
sumption of a network is composed of transmit power,
processing power and backhaul power in realistic PCM.
The authors defined EE gain and provided the compari-
son. The results show that in comparison with conven-
tional non-cooperative systems, EE gain arises from an
increase in spectral efficiency.

One of the recently proposed energy saving schemes in
CoMP scenario is the cell switch-off scheme. In tradition-
al cell switch-off schemes, the traffic in the switched-off
cell is served by surround cells whose transmit powers
may increase. Combining cell switch-off with CoMP
technology leads to a more energy efficient solution,
while the transmit powers of the remaining active cells
may not increase'” .

Another type of energy saving schemes in CoMP sce-
nario is the resource allocation strategy''’'”'. In Ref.
[11], the authors put forward an iterative energy-efficient
power allocation algorithm in an CoMP-JT system. The
original non-convex optimization problem is transformed
into a subtractive equivalent optimization problem. Dual
decomposition is used to achieve the power allocation. As
we mentioned, either a CoMP-JT or CoMP-CS transmis-
sion scheme can be employed. However, the authors did
not consider the CoMP-CS scheme. Another previous re-
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port showed that system EE can be maximized by optimi-
zing the allocation of both transmit time and transmit
power under CoMP-JT and CoMP-CS schemes'”. The
authors formulated the problem as minimizing the total
transmit power. Yet, the power consumption model only
consists of the basic transmit power, while both the cir-
cuit power and backhaul power are not taken into ac-
count.

It is well accepted that CoMP schemes can promote
system EE, while it is not clear which scheme is better in
a specific scenario. Compelling evidence in this regard is
currently lacking. Therefore, we investigate the energy-
efficient CoMP transmission scheme selection algorithm
employing a realistic power consumption model. Results
show that the proposed algorithm is more energy-efficient
than CoMP-JT only and CoMP-CS only modes. We sum-
marize the regularity based on enormous simulation data
for a fixed maximum transmit power scenario.

1 System Model

A downlink CoMP system consisting of N cooperative
BSs and N users is considered, as shown in Fig. 1. (P,
{)) denote the transmit power of users and the selected
CoMP scheme by the central server, respectively. All
transceivers are equipped with a single antenna. Both the
CoMP-JT scheme and the CoMP-CS scheme are consid-
ered. Assume that global channel state information is per-
fectly known by the central server and all calculations and
power allocation management are performed in it. In the
considered scenario, interference is assumed to be elimi-
nated by the precoding algorithm.

Central server

Fig.1 An example of CoMP system

1.1 CoMP-JT

Letx,, u=1{1,2, ..., N}, denote the data symbol joint-
ly transmitted by the N cooperative BSs under CoMP-JT
that x, is normalized as

transmission.  Assuming Y

E{|x,|?}=1, let D,.yr denote the transmit power for
user u from the b-th BS, b ={1,2, ..., N}. Then, the
signal-to-noise ratio (SNR) of user u can be expressed as

N

2 N I h,.

o b=l
Yxt - NO
N
2
ZPb,,uu'rlﬁb.u [ hb,u [
b=l
N,

where i, , represents the combined path loss and shadow

2

w=12.,N (1)

fading'"”" between BS b and user u; h,, represents the
small scale fading channel between BS b and user u,
which is an independent and identically distributed com-
plex Gaussian random variable with zero mean and unit
variance; N, is the variance of complex independent zero
mean additive white Gaussian noise. The achievable spec-
tral efficiency (SE) of user u in bit/(s « Hz) is deter-
mined by

SiT=10g2(1+'yiT) (2)

1.2 CoMP-CS

The data symbol of a user is only transmitted by its ser-
ving BS under CoMP-CS. Let p, s denote the transmit
power for user u from the b-th BS. The possible BS-user
sets are denoted by ¥ (i) =1{¢,,,@,,,"",@inl, i=11,
2,---,N"|, where i and ¢, , represent the set index and
the serving BS of user u, respectively. The exhaustive
search method is employed to find the appropriate BS-us-

er set V= {@i1s¢irs @iy}, Which has the best chan-

nel state. i is given by

~ N
io=argmax(Y L,k ]7) (3)
u=1
The SNR of user u# can be expressed as

2
cs :P%,u\csl/fw,,,,u ” h¢,_,,,l¢ ” W=12..N (4)

u N0
and the achievable SE is
SSSZIOg2(1+'ySS) (5)

1.3 Energy consumption model

The total power consumption of a coordinated mobile
radio network includes the backhaul power, the transmit
power and circuit power. Let Py, and P, denote the
overall power consumption of CoMP-JT and CoMP-CS
14-15]

scheme. They are obtained by

N N

N N 1
PgITnMP = ] z ;p/).ll‘]T + NP, + NiaTH Py, (6a)
b=1 u=1
N
< 1
P((::Mp = Z ;Pq;,“,mcs + NP, + N(F;:I Py (6b)
=l

The first terms in Eqgs. (6a) and (6b) represent the
power consumption of the power amplifiers, and 0 < <1
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is a constant which stands for the efficiency of the power
amplifier. The second terms represent the overall signal
processing consumption of N BSs, and P_ is the constant
signal processing power. The last terms represent the
backhaul consumption; Ny, and N, are the numbers of
backhaul links, and each link is assumed to have a fixed

power consumption of P,.
1.4 Definition of energy efficiency

In the literature, several different definitions of energy
efficiency have been used"'*’. We adopt the most popular
one, which is defined as the ratio of the system SE to the
power consumption, measured in bit/(J - Hz) .

N

2 SJT

Y = 5 (7a)
PC«MP
N ]
S
Y5 = =5 (7b)
el CS
PCuMP

2 Problem Formulation

Let 2” denote the selected CoMP scheme and P~ ((2)
=[p, Q" ],b=1{1,2,-- N{, u=1{1,2,-- N}, de-
note the optimal power allocation policy under the scheme
policy 2¢e {'JT’,'CS’}.

The optimization problem can

299
be formulated as
;}}%% Vi, Yol (8)
s. t pb,u ‘QE [O’P;‘“XJ vb’ Vu (9)
N
> Q<P Vb (10)
u=1
log, (1 +v,) = R"™ Vu (11)

max

where P denotes the maximum transmit power of BS b.
Eq. (10) specifies the power constraint of individual BS.
Eq. (11) ensures obtaining the users’ quality of service
(QoS) requirement.

3 Solution of the Problem

In this section, a CoMP-transmission-based scheme se-
lection energy saving (CTSES) algorithm is proposed to
maximize the system energy efficiency, with the flow
chart in Fig.2. For a specific location in the coverage ar-
ea, we need to determine the optimal power allocation
policy and transmission scheme policy. First, the central
server evaluates the optimal power allocation and system
energy efficiency under CoMP-JT and CoMP-CS
schemes. Then, the CoMP scheme with higher energy ef-
ficiency is selected by the central server. The system ob-
tains the maximum energy efficiency by applying the cho-
sen CoMP scheme and power allocation.

Start

Initialization ;

Set the UE location d,, ue {1,2}.

[

Y

1

Under CoMP-JT transmission scheme:
Optimization of ¥ eff ;

For each user u, obtain p;’, ;1.

Under CoMP-CS transmission scheme
Optimization of Ygg 3

For each user u, obtain p,,*, ulCS-

No

Yes

Obtain optimal energy efficiency Y* =Ya

using optimal power allocation policy

P* =(pg; , »|CSand scheme policy 2% = CS.

Obtain optimal energy efficiency Y* =Yl
using optimal power allocation policy
P* =(p;,)|JTand scheme policy 2* =]JT.

End

Fig.2 Flowchart of the CTSES algorithm

3.1 Iterative algorithm for power allocation

The objective function (8) is the ratio of two func-
tions. The optimization problem is commonly known as
nonlinear fractional programming. Dinkelbach’s paramet-
ric approach is employed to solve the problem. First,
problem (8) is converted into the following non-fraction-

al optimization problem'"”’ ;

N

max z SE[{2 - YP?:OMP

P ()

0 e {'JT,'Cs’}
Eqgs. (9) to (11) (12)

where Y is a constant. According to Ref. [ 17 ], finding
Y that renders

u=1

s. t.

N

max z SE{[2 - YP&MP =0

P ()

(13)

is equivalent to solving problem (8). An iterative algo-

u=1
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rithm for power allocation is put forward to solve the
equivalent problem (12), which is summarized below.
Y"” means the value of Y at the -th iteration. T, and ¢
represent the maximum number of iterations and the max-
imum tolerance, respectively. The algorithm guarantees
the convergence to the optimal energy efficiency as long
as we can solve problem (12) in each iteration'"”'. Next,
the above-mentioned iterative method is adopted to solve
problem (12) under CoMP-JT and CoMP-CS transmis-
sion schemes.
Algorithm 1
Initialization: Set Y*'' =0
Fort=1:T,,
Calculate the power allocation policy P () for a
given Y'” according to Eqs. (13) and (18);

N
If ) SEY -

=1
P* =P () and convergence = | ; break;
else

Iterative algorithm for power allocation
T, =10, $=10"

(1) P02
Y P(IoMP < d)

Yy = z SE?/P{ . and convergence =0, t=1+1;
End if; -
End for;
If convergence =0;
P () =P" () and Y () =Y"™;
End if;

Stop the algorithm and the solution is P
("JT','CS") 5

3.2 Power allocation for CoMP-JT transmission scheme

Under CoMP-JT transmission scheme, the Lagrangian
function of problem (12) can be written as

N
N 2 pb,uIJwa,u || hb,u || ?

L(P,A,p) = 2 (1 +x,)log,| 1 +== N -

0

(IZ

u &

N
2)‘ R™ - 2:“«1»( zpb Wi ;m)

Mm+M’HmP@

(14)
where A=A, Ay, =, Ayl =0andp = {u,, w,, -,
uyt =0 are the introduced Lagrange multipliers. Then,

differentiating Eq. (14) with respect to p, , ,; leads to

aL(P,A’E) - (1 +)\ ) l/’b,u ” hh.u || ’ - _
Dy i ““In 2(pb,uIJT¢b‘u [ hb,u 7)) +N,
Y
? M (15)

Power allocation for user u from BS b can be obtained
by applying the Karush-Kuhn-Tucker ( KKT)'""*' condi-
tions.

1+,

[an(Y+
&

N +
D e)
Mb) l/lb,u H hb,u || ]

Pyt =

where [ x] " =max{0,x}; A, and u, are the multipliers,

which can be updated using the sub-gradient method "’

N
/\,,H] N bz:f p/;,mJTl/fb,u ” h’b,u ” ? ) '
u - u b logz ( 1+ NO ) - R

(17)
(18)

m+1

wy" = [y - @ (

P zpb uul)]

where m=0 is the iteration index; ¢
the step sizes.

=0 and ¢, =0 are

3.3 Power allocation for CoMP-CS transmission scheme

As for the CoMP-CS transmission scheme, the La-

grangian function of problem (12) is

pgp,_,,,ldcsipw,_”,ll || hgp,,,,u || 2) _
Ny
N

1
Y( 2 ;PQ,H,,LACS + NP, +Ngf{ PBH)_

u=1

N
Lw%m=20mm%@+
u=1

N

N
ZT "mRmin - Z{ eu(l’%,,,,mcs

{771 ’nz,"',nN} =0 and 0 = %01 ’029"301\/% =
0 are the introduced Lagrange multipliers. After differen-

=Py (19)

where »n =

tiating (19) with respect to p_ s, We obtain
aL(P,n,0)
3P¢,,,,:4\cs =+ K )
Vo B’ v,
0 2P, estly, ol B |7 +N) &
(20)

Similarly, applying the KKT conditions, power alloca-
tion for mobile users under the CoMP-CS transmission
scheme can be obtained by

2] (21)

The multipliers are given by

+p‘p,“,u\CSl//‘p, N || h¢ u ||

}Vo 2)_Rmm)]*

1+n,
[m (L vg) o]

Py uics =

= [ g s 1

(22)
0m+] = [eu _§04 (Pmax p¢,_,,<u\CS) I (23)
where ¢ =0 and ¢, =0 are the step sizes.
3.4 CoMP scheme selection algorithm
With optimal power allocation policy P* (JT) and

P’ (CS) obtained from the above procedures, EE is giv-
en by

N N
2 logz (1 + [,Z l/,b‘u ||

u=1

2
hb,u I pb,uIJT/NO)

Y o= (24a)
! P‘(n:»\lP
v
Z 10%2(1 + ‘//%,u I hgp,“,u [ ZP‘:_,,,mcs/No)
yor = s = (24b)
CoMP
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The CoMP scheme with higher EE is selected as fol-
lows:
it Y =Y

25
others (25)

. T
0 ={
cs

4 Simulation and Analysis

The performance of the proposed CTSES algorithm is
validated through simulations. In order to facilitate illus-
tration and reduce complexity, only two-user two-BS sit-
uation is considered. We assume that users are distributed
on the straight line between two BSs. Main system pa-
rameters are listed in Tab. 1. The 3GPP urban path loss
model is adopted ™. Let d, , represent the distance be-
tween user # and BS b, in km. The minimum rate re-
quirement of each user is 0.5 bit/(s « Hz).

Tab.1 Simulation parameters

Parameter Value
Cell radius R/m 500 to 1 000
Maximal transmit power P1**/dBm 5 to 50
Noise power N,/ (dBm + Hz ") -134

Path loss from BS b to user u 131.1 +42.8lgd, ,

Standard deviation of shadow fading/dB 8

Efficiency of the power amplifier & 1/6
Signal processing power P./dBm 40
Power consumption of each back link Pgy/W 15

4.1 EE performance comparison of CTSES, CoMP-
JT and CoMP-CS

Fig. 3 shows that the proposed CTSES algorithm out-
performs the conventional CoMP-JT transmission and
CoMP-CS transmission. Here, we assume that users are
located around BSs with the same distance, namely d, | =
d,,. Maximum transmit power Pi" =40 dBm, and cell
radius R =500 m. When 4, , =500 m, CTSES outper-
forms CoMP-CS and CoMP-JT by 7.5% and 2.2% , re-
spectively. From Fig. 3, we can see that system EE de-
creases gradually as the distance between BS and users in-
creases. In addition, CoMP-CS transmission is more effi-
cient than CoMP-JT transmission when the users are clos-

o 0.32r £SS CoMP-CS

= 0.30LF £z CoMP-JT

= § TSES

S 0.2 § §

. N

g 0.26 % %

= \ N

£ 0.24 § §

Nt N

g ox § §

g 0.20 § § NE NE R

BT 250 300 350 400 450 500
Distance/m

Fig.3 Normalized EE performance comparison between CT-
SES algorithm, traditional COMP-JT and CoMP-CS ( Pt =40
dBm, R =500 m)

er to the BS. CoMP-JT achieves higher EE than CoMP-
CS when users are located around the edge of the cell.

4.2 EE of CTSES vs. maximum transmit power

Figs.4(a) and (b) show the normalized EE vs. the
maximum transmit power P7". We can see that the EE

max

increases with P at lower transmit power and saturates at
high transmit power. Furthermore, when P7™ =30 dBm,
cell radius R =500 m, EE performance achieves 9.6% im-
provement as users move from 0. 8R to 0. 6R. When P
=30 dBm and users are located at 0. 8R, EE performance
achieves 27% improvement as the cell radius changes from
900 m to 500 m. We can infer that EE increases when the
cell range reduces or users move to the center. The latter
has a larger impact on EE. In Fig.4(b), when Py =30
dBm, CoMP-CS achieves 34. 5% performance improve-
ment as users’ location varies from R to 0.5R, while
CoMP-JT achieves 11.2% improvement. Fig.4(b) indi-
cates that CoMP-CS transmission scheme is more suscepti-

ble to users’ location compared with CoMP-JT.

~ 0.307
S
s
. 0.25f
T
= AT
2 AT TAETET
= 0.20 LA Distance/m
) = —o— 500(0. 6R)
€ 0.15 —o--500(0.7R)
g w0 500(0. 8R)
& ——900(0.6R)
g 0.10¢, —a- 900(0.8R)
= w900 (0. 7R)

5 10 15 20 25 30 35 40 45

Maximum tran(sm;t power/dBm
a

20307
N Vi VgV
T 0.25 M
=
£ 0.20
>
g 0.15 |,
-5 3 —— JT(0.5R)
& —o— JT(1.0R)
o -
g 10T .° -+ CS(0.5R)
g - -0- ¢S(1.0R)
= 0.05

10 15 20 25 30 35 40 45
Maximum tran?rll)li)t power/dBm

Fig. 4 Normalized EE performance vs. maximum transmit
power. (a) PP™ =30 dBm; (b) P7** =30 dBm, R =700 m

4.3 EE of CTSES vs. users’ location

Fig. 5 shows the normalized EE vs. the distance be-
tween the BS and users for the proposed algorithm with
the fixed maximum transmit power. Assume that maxi-
mum transmit power P7* =46 dBm, the cell radius R va-
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ries from 500 to 1 000 m, and users are distributed from
0.5R to R. We find that when R increases from 500 m to
1 000 m, system EE decreases approximately 36% due to the
increasing transmit power and decreasing total capacity.

)

=
w
]

(J+Hz) ™!

Energy efficiency/ (bit +

Fig.5 Normalized EE performance vs. the distance between
the BS and users ( Pt™* =46 dBm)

4.4 Scheme selection region

Herein we put forward CoMP transmission scheme sug-
gestions based on user’s location. For conveniently de-
scribing the advice, we define 0 < d, <1 as the ratio of
the distance between user and nearer BS to the cell radi-
us. Extensive simulation experiments have been done and
we summarize some regularities. An example is shown in
Figs. 6 to 7, showing the selection region of the CoMP
system. The horizontal and vertical axes represent the ra-
tios of two users’ distance to cell radii, respectively.
Maximum transmit power P7* =46 dBm. The CoMP-CS
scheme is recommended for the black region where users
are relatively far away from the edge. When users are lo-
cated in the gray area, the CoMP-JT scheme is selected
according to the proposed CTSES algorithm.

From Fig. 6, we can give similar suggestions for
scheme selection under different cell radii for a fixed
maximum transmit power. We can infer that scheme se-
lection mainly depends on the relative locations of the us-
ers. The different cell radii affect the absolute value of
EE.

Figs.7(a) and (b) indicate the suggestions when R =
500 m and R =1 000 m, respectively. We divide the area

CoMP-JT scheme

+ CoMP-CS scheme;
L Py**=46 dBm,R =500 m

/
D)
e
w
(=)

R

| P"=46dBm,R =1 000 m "

0.18
0.9 0.8 0.7 0.5

0.7 0.6
0.6 0~8 *
R 0.5 0.9

dy/R
Fig. 6 Spatial distribution of different CoMP schemes

Energy efficiency.
(J+H

(bit
e
(3]
[\S)

CoMP-JT scheme ; @ CoMP-CS schem
0.5r 2 2 :

0.6

d,/R

0.7¢

0.8 1

0.9

0.9 0.8 0.7 0.6 0.5
d,/R
(a)
CoMP-]JT scheme ; @ CoMP-CS schem
0.5r . ;‘ ;
X
0.6

0.7

d,/R

0.8 ¢

0.9

09 08 07 06 0.5
(b)

Fig.7  Spatial distribution of different CoMP schemes. (a)
PP™ =46 dBm, R =500 m; (b) PF* =46 dBm, R=1 000 m

into three parts based on the user distribution. The
CoMP-CS scheme is selected in area (1), where two
users’ location satisfies d; + d> —2d, —2d,< -0.41. The
CoMP-JT scheme is recommended in area @), d: + d> -
2d, -2d,= -0.384 4. When the users are distributed in
area @), -0.41 <d; +d; —2d, -2d, < —0.384 4, we
can choose any of the CoMP transmission schemes at ran-
dom since simulations demonstrate that CoMP-JT and
CoMP-CS achieve nearly the same EE in area 2).

5 Conclusion

In this paper, the CoMP transmission scheme selection
energy saving algorithm is proposed. The problem of
maximizing EE is formulated as a non-convex problem
considering the transmit power consumption, circuit pow-
er consumption and backhaul power consumption. It is
transformed into an equivalent problem using the paramet-
ric method and power allocation is obtained by an itera-
tion algorithm in both CoMP-JT and CoMP-CS schemes.
Then, the scheme with maximum EE is selected. Simula-
tion results show that the proposed algorithm achieves
higher EE compared with CoMP-JT or CoMP-CS only.
We summarize the regularity for a fixed maximum trans-
mit power based on a large number of simulations. It is
worthy of further detailed study on the impact of more
complicated user distribution.
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