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Abstract— It is known that Coordinated Multiple Point (CoMP)
transmission can increase data rates as more than one copies of
signals are coordinated transmitted by multiple points. For the
wideband communication system with frequency selective fading
channel, the optimal power allocation will be different for each
fading block. The Water-Filling (WF) power allocation is optimal
for single transmission point. However, it is hard to get closed-
form optimal solution for the CoMP transmission as the power
allocation for fading blocks of one point is simultaneously
affected by other coordinated points. This paper analyzes the
power allocation of coherent coordinated transmission in CoMP
block fading communication system with two transmission points,
and the optimal solution is given by Lagrange method. The
numerical simulations show that it has a near constant
performance gap between the optimal allocation and equal power
allocation, and the performance of separate WF power allocation
is between optimal allocation and equal power allocation.
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l. INTRODUCTION

Transmit power allocation among fading blocks is an
efficient way to enhance the throughputs of frequency selective
wideband communication system. For the power constraint
system, the frequency WF (Water-Filling) power allocation is
known as the optimal power allocation method for block fading
channel [1]. In WF, the fading blocks with large channel gain
will be allocated more power than blocks with small channel
gain. In high SNR (Signal-to-Noise Ratio) region, the capacity
of EPA (Equal Power Allocation) is asymptotically to the
capacity of WF [2][3]. That means the performance gain
achieved by power allocation among frequency-selective sub-
channels would be disappearing with SNR increasing.

Recently, cooperative MIMO (Multi-Input Multi-Output) is
widely discussed for cellular mobile systems [4]. There are
mainly two types of cooperative MIMO schemes: fixed/mobile
relay [5][6] and CoMP (Coordinated Multiple Point)[7]. The
CoMP technique has been introduced into 3GPP LTE-A (3"
Generation  Partnership Project Long Term Evolution
Advanced) [8] and it is still being discussed in Release 11 Sl
(Study Item) [9]. In CoMP scheme, multiple BSs (Base
Station), sharing channel and data information between each

other, coordinated transmit signals to one or multiple UEs
(User Equipment).

Many transmission and reception strategies are researched
for CoMP scheme [10-12]. Most of former researches are focus
precoding design on flat channel or resource allocation in
multiple BSs and UEs. However, while CoMP transmission is
adopted in the frequency selective fading channels, power
allocation between fading blocks also need to be paid attention
because simple power allocation strategies can not touch the
maximum throughputs brought by optimal power allocation.
Moreover, unlike the case of single BS transmission, the power
allocation among fading blocks for CoMP is simultaneously
related to both multiple BSs and multiple fading blocks. For the
scheme of non-coherent downlink coordinated transmission
with single transmitted antenna, Reference [13-15] gives the
exact solution form of optimal power allocation among fading
blocks.

In this paper, the scheme of coherent downlink coordinated
transmission with single transmitted antenna is studied. The
optimal power allocation for objective of maximum
throughputs is got by Lagrange method. Further more a fast
search method is proposed for the solution to reduce computing
complexity.

The paper is organized as follows. Section II introduces
CoMP block fading communication system with coherent
coordinated transmission. Section III gives the optimal power
allocation and proposes a fast search method. Section IV gives
the numerical simulation. Section  Vprovides some
conclusions.

II.  SYSTEM MODEL

In this paper, the CoMP transmission with frequency
selective fading channel is considered. It assumed a certain
user is served by two BSs as depicted in Figure 1. In this model,
data and control information are shared between 2 BSs through
wired connection. The transmission occupy a frequency
selective channel of bandwidth B, and the whole band can
divide into n sub-channels of bandwidth A B, where channel
response is constant over each sub-channel, so the frequency
downlink channel can be expressed as


mailto:buptlishiyuan@gmail.com

H(f)=[h,e" - h "] (i=12), 1)

where subscript 7 is the sequence number of two BSs,
h, is the amplitude response of k-th sub-channel, and ¢, is
phase shifting of k-th sub-channel.
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Figure 1. CoMP Block Fading Transmission Scheme

It is assumed that BS knows the perfect downlink channel.
So BS can adjust the phase of transmission signals and then the
coordinated coherent transmission is performed, which means
the signals of two transmit point are adjusted to same phase
while UE receive these signals.

So the transmit signal of k-th sub-channel is
z, =p.e s, (i=12), )

where p, is the signal amplitude of k-th sub-channel, s, is

phase adjusting factor of k-th sub-channel, s, is normalized

transmit symbol of k-th sub-channel and the two BSs send
same symbol in same sub-channel. The maximum power is
constraint in the whole transmission band for each BS,

Z p, < ®3)

where P is the maximum transmit power of i-th BS.
The received coherent coordinated signal of UE is
yl; = (plkhlk + p?l.:th )sk + nk ! (4)

where n, is the system noise with variance af of k-th sub-
channel.

So the total throughput of UE is

C =) log,(L+(pyhy + pyyhy,)" /o)) )
k=1
I11.  OPTIMIZATION SOLUTION

To maximum the throughput, the power for each sub-
channels need to be carefully allocated as the channel response

of each sub-channel is different. So the problem can be rewrite
as optimization problem.

max C = Zlogz(l +(phy, + p%h%)2 /O’;j)

k=1

prm <P; (6)
Zp% <

The Lagrange function is adopted here to solve this
optimization problem,

p7k7)\1 AZ)
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The local optimal solution can be got while the first-order
derivative of Lagrange function equals to zero. Let

L(p,,\,\) =0, itcan get a series of equations (8) and (9),
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2h, (py, + Pyl / 0,
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+2\p, =0; (k=1..,n) (8)
Qth(plkh]k + Dy QA)/U

L+ (phy, +pyhy,) /o)

It is easy to know the maximum throughputs will be got
while all the power of BS is allocated, so the optimal solution
is at the upper boundary of constraint and the constraint can be
rewrite as

prk =B Zp; =F. (10)
k=1 k=1

From equation (8) and (9), the relevance of allocated
powers of two BSs in a sub-channel can be got

h
Pu Mg ). (11)
Dy Ay,
Define A = X /A, , then substitute (11) into (8), it can get
RURZUANE
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Then substitute it into constraint (10), it can get
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)\ — k=1 (thL + Ahjk)

1

— - > (13)
R %

=1 hlzlc + >\h22k)2 /hfx

Similarly to p?, and ), , it can get equations (14) and (15)
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Solve the two equations (13) and (15), A, and A, can be got.

Due to the complexity of equations (13) and (15), it is
difficult to got the closed-form solution for A and A, . The

value of them can be got by two-dimensional search. To reduce
the computing complexity of two-dimensional search, a one-

dimensional search method for \ is proposed, then A , A, can
be got through equation (13) and (15).

The value of \can be got as follows. Equation (13) divide
equation (15), it can get

n h fk 2
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While f(X\) = 0, the value of X\ is the solution of equation

(16). The function f(\) has the following property. The
proven see appendix.

(1) f(0)>0;
(2) f(Ho0) <0;

The function f(X) is continuous, so through the property, it
easy to know it has at least one solution of f(A\)=0 in
region (0,+o0c) . Base on this conclusion, the fast search

algorithm based on dichotomy method can be used. The detail
of the fast search algorithm for \ is described in Algorithm 1.

2. I f(S,,+L)>0,8_,
2, else go to step 3;

=S, +L;L =10L, go to step

3. If abs(f((S,,, +S,,)/2)) <o .90 to step 5, else go to

step 4;

4' Iff( (Sstmt e-nd) / 2) < 0 Send = (Sstdzf en(l) / 2 else
Sy = (S, +S..)/2.Thengo to step 3;

5' )\ = (szart end) / 2 end

Algorithm 1 Fast search algorithm for A

lower bound S, =0;

start

= L ;error accuracy o = 107°;

1. Initialization: search step L ;

upper bound S_

IV. SIMULATION

In this section, the numerical simulations are performed to
shows the performance of the optimal power allocation for
coherent downlink coordinated transmission. In the simulation,

system noise aZ is set to constant for all sub-channels. The

channel response of each sub-channel is independent and
follows gauss distribution. The maximum transmit power of

BS is shown through SNR, which equals to P, / Z"Z , and the
k=1

same maximum power is set to 2 BSs. The spectrum efficiency

shows the performance of power allocation as it removes the

influence of bandwidth.

At first, to verify the optimal solution and simulation
platform, the comparison between optimal solution and exhaust
search of 2 and 3 sub-channels is performed. The simulation
results are showed in figure 2. In the exhaust search, the search
step of power allocation for each sub-channel is 0.1w. It can be
seen that the optimal solution is accordance to exhaust search,
so the solution and simulation platform are right.

To show the performance of optimal power allocation for
coherent downlink coordinated transmission, the other two
simple power allocation methods are compared with the
optimal solution. A) Equal Power Allocation (EPA): the power
is equally allocated to each sub-channel for both two BSs; B)
Single Water-Filling allocation (SWF): each BS adopts Water-
Filling method to allocate the power based on its own channel
response respectively.

Figure 3 shows the performance comparison in the normal
SNR region. It can be seen that, in this region, the optimal
solution has the best performance and EPA has the worst
performance. The performance gap between optimal and EPA
is nearly constant, about 0.3 bits/Hz. The performance of SWF
is between optimal and EPA. While the SNR is low, the
performance of SWF is closed to optimal, and while SNR is
high, the performance of SWF is closed to EPA.

Figure 4 shows the performance comparison in very low
SNR region. It can be seen that, in this region, the EPA also
has worst performance and the performance of SWF is almost
same to the optimal. So for low SNR, the SWF method can be
adopted to reduce the computing complexity.
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Figure 3. Performance Comparison (normal SNR region)
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Figure 4. Performance Comparison (low SNR region)
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Figure 5. Performance Comparison (high SNR region)
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Figure 6. Performance Comparison for different max power constraint

Figure 5 shows the performance comparison in very high
SNR region. It can be seen that, in this region, the EPA and
SWF have the same performance and the performance gap
between optimal and EPA is also constant, about 0.3 bits/Hz.

Figure 6 shows the performance comparison while two BSs
have the different max power constraint. The X axis shows the
maximum power ratio of two BSs, P2/P1 in dB form. It can be
seen that, the EPA also has worst performance, and the
performance gap is also about 0.3 bits/Hz for different power
ratio. While P1 and P2 are both small, the performance of WPF
is much closed to optimal.

V. CONCLUSION

In this paper, it analyzes the power allocation for coherent
coordinated transmission in block fading communication
system of two transmission points, and the optimal solution
with fast search method is given. The numerical simulations
show that the EPA method has the worst performance, and the
performance gap between optimal and EPA is constant, about
0.3 bits/Hz. The performance of SWF method is between



optimal and EPA. It is closed to optimal in low SNR region
and is closed to EPA in high SNR region.

ACKNOWLEDGMENT

This work is sponsored by the International Scientific and
Technological Cooperation ~ Program  (Grant  No.
2010DFA11060), China-EU International Scientific and
Technological Cooperation Program (0902), the National S&T
Major Program (Grant No. 2012ZX03001039), Beijing
Municipal Science and Technology Project under Grand
D121100002112002, and the Research Councils U.K. (RCUK)
under the UK-China Science Bridges Project: R&D on (B)4G
Wireless Mobile Communications (EP/G042713/1).

APPENDIX
PROOF THE PROPERTY OF FUNCTION (17)

The proof will adopt following axiom:

¢ 1/0=o00;

’ 1/00=0;

. 00 * 0o = 00;

¢ 1400 =00;

@ f0)>0

Substitute A = 0 into equation (17), then the f(0) equal to
n h? " o}

> e b Z ‘

= (b, +0%h) {(h2 JO+h,) )R 0
n h2 n 2 B
227 P1 + 2 0k2 2 2
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2
n 0—2
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The property (1) is proved.
(2) f(Ho0) <0

Substitute A = +oco into equation (17), then the f(oo)
equal to

1
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The property (2) is proved.
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