Coordinated Beamforming in Downlink CoMP
Transmission System

Li Qiang, Yang Yang, Fang Shu, Wu Gang
National Key Laboratory Science and Technology on Communications
University of Electronic Science and Technology of China
Chengdu, Sichuan 610054, China
Email: {ligiang1, yangyang, fangshu, wugang99} @uestc.edu.cn

Abstract—Coordinated multi-point  transmission/reception
(CoMP) technique for 3GPP LTE-Advanced is to reduce the
inter-cell interference (ICI) effectively, so as to enhance data
rate/coverage and throughput for cell-edge users significantly.
For downlink CoMP, most research work mainly focuses on
joint processing/transmission (CoMP-JP) mode. However this
mode needs the access points (AP) to share the UEs’ data and
channel state information (CSI) simultaneously, resulting in a
high overhead on the network. Coordinated beamforming
(CoMP-CBF), which can avoid the data information exchange
is a better solution to reduce the overhead. In this paper, we
propose a coordinated beamforming scheme in downlink
CoMP transmission system. The proposed scheme exploits the
signal leakage information to other cells to design the
precoding vector to reduce the ICI. The simulation results
indicate that the proposed scheme offers much higher
performance gain compared with the CoMP-JP mode.
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L INTRODUCTION

Multiple-input multiple-output (MIMO) technique can
effectively increase system peak spectrum efficiency in
wireless communication and has been applied in 3GPP long
term evolution (LTE). However, the cell-edge spectrum
efficiency can’t be promoted significantly because of the
severe inter-cell interference (ICI). Therefore, In RAN1
#53bis meeting a key promising technique called coordinated
multi-point transmission and reception (CoMP) is added in
the skeleton [1] for 3GPP LTE-Advanced (LTE-A) to solve
this problem. Up to now, it’s still under discussion. The
CoMP technique can suppress the co-channel interference [2]
from multi-cells, which also further improves the coverage
and increases cell-edge/aggregate system throughputs.
However, the existing problem of CoMP is the tradeoff
between the performance and the feedback, signaling
overhead, processing delays.

The coordinated multi-point system [3][4][5] can be seen
as a single point system with additional Tx/Rx antennas. One
eNodeB contains one or multiple cells and each cell contains
one or multiple access points (AP). The AP is a transmission
and reception point, which is a physical node equipped with
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one or more antenna elements corresponding to one sector.
One UE may be served by one or multiple APs from the
same or different eNodeB simultaneously. Since the different
eNodeB requires huge information exchange to implement
coordination, it’s agreed in RANI1 #59bis meeting that
coordination in the same eNodeB is supported.

To be specific, the downlink CoMP transmission is
mainly divided into two categories: joint
processing/transmission  (CoMP-JP) and coordinated
scheduling/beamforming (CoMP-CBF) [1-5].

In CoMP-JP mode as shown in Fig. 1, the data
information to the UE is simultaneously transmitted from all
APs under the control of the same eNodeB. The UE’s data is
distributed and jointly processed across the APs and the
channel state information (CSI) is required for all the AP-UE
pairs. Although CoMP-JP mode is incurring large system
overhead, it can coherently or non-coherently improve the
received signal quality and cancel actively interference for
the UEs. The CoMP-JP mode can be used for serving one
UE (SU) or multiple UEs (MU) using the given
time/frequency resources at the same time.

Recently, most research work focuses on CoMP-JP mode.
In [6][7], conventional zero-forcing (ZF) precoding scheme
is applied in DL CoMP-JP. A related scheme is block
diagonalization (BD) [8][9], which requires a limitation of
the number of receive antennas and the number of data
streams. And the precoding scheme in [6][7][9][10] based on
signal-to-leakage-plus noise ration (SLNR) maximizes the
sum of the achievable rate through minimizing the leakage
to other UEs, which has no restriction as to the number of
receive antennas per UE. Both DPC and THP (nonlinear
precoding techniques) are considered in [11][12]. Though
the nonlinear precoding can bring the best performance, it’s
difficult to implement in practice for the high complexity.
Therefore, linear precoding in CoMP-JP is an optimized
solution with relatively lower complexity requirements at
both the APs and the UEs.

In the category of coordinated scheduling/beamforming
as shown in Fig. 2, the data information to the UE is
transmitted from its serving cell only but the cells in the
CoMP set coordinate their transmission so that inter-cell
interference can be reduced. Meanwhile, it is not necessary
to share the UE’s data information across multiple APs,
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Fig. 1. CoMP-JP

which alleviates the heavy overhead on the network. To
achieve the coordination, the UE needs to feed back
information about the CSIs of the serving cell and the other
cells in the CoMP set. CoMP-CBF mode can also increase
the cell edge user throughput via interference management.
Recent work on CoMP-CBF mode [9][13] has assumed
implicit feedback which denotes the limited feedback at APs.
Each UE feeds back the preferred precoding matrix indicator
(PMI) for the serving cell. In addition to this, the eNodeB
needs to know the PMIs that would result in minimum
interference when they are used for transmission by other
cells in CoMP set, and the eNodeB schedules corresponding
APs to implement precoding. However, limited performance
improvement arises from CoMP with limited-feedback,
which in particular is suitable for FDD system.

So in this paper, we propose a coordinated beamforming
scheme with explicit feedback which denotes the full
channel state information. We can exploit the channel
reciprocity to get this information in TDD system and use
the feedback of explicit information in FDD system. The
proposed scheme is based on the idea of SLNR [14] and the
precoding metric takes the same form as SLNR. But the
SLNR precoding is independently developed for the
multiuser downlink channel in single cell environment.
Unlike the precoding scheme in [14], the proposed scheme
provides a solution for selecting a UE at each cell to
maximize the total achievable rate, which considers not only
the desired signal power in the serving cell but also the
signal broadcasting to the other UEs in adjacent cells as
interference. The simulation results will show that the
proposed scheme outperforms zero-forcing precoding in
CoMP-JP mode and is close to the optimal linear precoding
in CoMP-JP.

The rest of the paper is organized as follows. Section II
describes the system. In Section III, we present the
coordinated beamforming scheme in downlink CoMP
transmission system. Simulation results are presentd in
Section IV, and conclusion are draw in Section V.

Throughout the paper, we use the following notation.

(-)T and ()+ denote transpose and conjugate transpose.

det(-) and tr(-) denote determinant and trace of a matrix,

respectively. ()" denotes matrix inversion. |-|| denotes

Fig. 2. CoMP-CBF

norm of a vector and ||-||,. denotes Frobenius norm of a
matrix. I represents the identity matrix.

II.  SYSTEM MODEL

Considering the downlink CoMP-CBF mode comprised
of L cells in intra-eNodeB scenario, it is assumed that a
single UE uniformly distributed at the edge of each cell is
selected by the user scheduler of its serving cell. The UE and
the AP are configured with N, receive antennas and

N, transmit antennas, respectively. We restrict ourselves to
one data stream per UE.
The signal received by user & can be represented as
L S
y, =H®w®x, + > HOwx +n, Q)
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where H{” denotes the N, x N, channel matrix from i-th cell
(i-th AP) to the k4-th UE. w”is a N, x1 linear precoding
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vector in the i-th cell, w(’)“ =1, i=1,---L. n, denotes the

N, x1 additive white Gaussian noise (AWGN) vector with
zero mean and universal variance o . x, is the signal data
information for the i~-UE and the total power constraint is
imposed by E("x"z) = P,. The second term on the right hand

side in (1) is the interference from the other adjacent cells.
The signal-to-interference-plus-noise ratio (SINR) at the
input of the receive of user £ is given by
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where N is the power of the noise. We assume that the UEs
belonged to different cells in the CoMP set feed back the
channel state information through reverse channel link under
TDD mode or through feedback under FDD mode. All the
APs share the channel state information under the control of
the same eNodeB.

III. COORDINATED BEAMFORMING SCHEME IN
DOWNLINK COMP SYSTEM

From the receive signal expression (1), the capacity of
the k-th cell can be expressed as [15][16][17]
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where W* is the covariance matrix of the noise and
interference at the UE,
L : . . At
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It’s an optimization problem to find the precoding
vectors for maximizing the total system capacity including
the L cells, which can be further denoted as
Lo
(wf,’,,),,wgf),’) = arg max (ZC(’)) (%)
(w7 @)\t
In order to simplify the optimization problem in (5), we
take L =2 cells as an example to derive the coordinated
beamforming vector. A block diagram of the system is

shown in Fig. 3. We have referred to the derivation in
[14][15][16].
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Assuming SINR® >1, then we can make a close
approximation thatlog,(1+SINR) ~ log, (SINR®"), i=1,2.
Expression (6) will turn into
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Fig. 3. Block diagram of coordinated beamforming in DL CoMP
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Then expression (8) and (9) take the same form as SLNR
metric, and the numerator denotes the signal to the serving
UE, the denominator refers to the noise plus interference
caused by the signal intended for a desired UE on the other
UEs in adjacent cells. So we can directly use the SLNR

solution to get the optimal precoding vector.
-1
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where
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It is shown that the optimal solution is given by (10) in terms
of the eigenvector corresponding to the largest eigenvalue of
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derived under the case L =2, it can be extended to arbitrary
number of cells by adding the channels between the serving
cell and the UEs in other cells in (11). The proposed scheme
in (10) is sub-optimal in terms of SINR maximization, yet
simple enough that one can find the best linear precoding
solution, which has the same identity with SLNR scheme.

For CoMP-CBF mode, some schemes with limited
feedback are under discussion. As mentioned before, the UE
estimates the channel matrices and finds the best-matching
precoder from the codebook known to both the AP and UE.
Then the UE feeds back the best PMI index of the serving
cell and the least interfering PMI of the neighboring cell to
implement coordination. By PMI feedback, beam collision
can be avoided. However, the performance is limited for
implicit feedback. And it is complex for the eNodeB to
schedule different APs to choose the proper PMIs when the
number of APs is increasing. Therefore, it still needs a lot of
work to do.
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w |2 =1. Although this scheme is
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IV. SIMULATION RESULTS

In this section, we present the initial simulation results to
illustrate the performance of proposed scheme. We consider
that each cell has selected one UE with the L =2 APs’
coordination. The detailed simulation parameters are listed in
Table .

Fig. 4 shows the cumulative distribution function (CDF)
results of the sum system capacity. Each AP is configured
with N, =2 antennas. As a reference, we give the non-

CoMP scheme that means there is no coordination among
APs and each UE will suffer from severe interference from
other cells. The CoMP-JP scheme uses zero-forcing (ZF) or
singular value decomposition (SVD) precoding transmitting
two data streams to a single UE with equal power allocation,
which is across two APs’ coordination under the control of
the same eNodeB.

From the results we can see that the CoMP-JP mode or
the CoMP-CBF mode both are better than Non-CoMP
scheme, which confirms that the CoMP technique is a very
promising scheme to improve the cell edge capacity. The
proposed scheme outperforms the CoMP-JP ZF scheme and
it is close to the CoMP-JP SVD scheme. In CoMP-JP mode,
all APs coordinates together to serve the UE, so the
interference from other cell in the CoMP set turns into the
desired useful signal. SVD is an optimal linear precoding
scheme for the single UE when it applies in CoMP-JP mode.
So our proposed scheme is close to the optimal scheme,
however it yields better performance than CoMP-JP ZF
scheme. It can be understood that the proposed scheme based
on the ideal of SLNR which takes noise level into account
differing from the ZF scheme. It’s a sub-optimal solution in
terms of the SINR maximization solution. Compared with
CoMP-JP mode, the CoOMP-CBF mode only requires the
channel information exchange which reduces a heavy
overhead on the network.

TABLEI
SIMULATION PARAMETERS
Parameters Value
Layout Hexagonal grid, 3 cells sites, 3

sectors per site
500m
SCM, urban macro, 1 path
1, dropped uniformly

Inter-site distance
Channel model
Users per cell
Minimum distance between UE

and cell >=35 metres
Number of antennas ( N, , N, ) (4/2,2)
Antennas separation in
(10,0.5)

wavelength (N, , N, )

Distance-dependent path loss 1.=34.5+3510g10R), R in

meters
Shadowing standard deviation 8dB

Bandwidth 10MHz

Carrier frequency 2GHz

UE speed 3km/h

Receiver processing MMSE

Channel estimation error Ideal estimation
AP transmit power 46dBm
Noise density -174dbm/Hz

CDF

Non-CoMP
CoMP-JP ZF

The proposed scheme

CoMP-JP SVD

o G H H
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Sum Capacity (bps/Hz)

Fig. 4. CDF of system sum capacity
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Fig. 5. CDF of capacity in one cell

In Fig. 5, the CDF results of the capacity in one cell are
given. In this case, we choose one UE which denotes the
capacity of its cell to analyze the performance gain, each AP
has N, =4 antennas. The codebook is the DFT codebook

with the size of (16, 4), the quantization vectors are 16 and
each vector has a dimension of 4. The UE feeds back
B =4 bits index PMI. Each AP sends only one data stream
to one UE in all schemes. Because of the severe interference
without coordination, Non-CoMP scheme performs worst. It
can be seen that the proposed scheme performs much better
than the CoMP-CBF scheme with PMIs feedback and shows
an obvious gain. Since the proposed scheme directly exploits
the explicit channel information to achieve beamforming and
takes the noise level into consideration.

V. CONCLUSION

In this paper, we have proposed a coordinated
beamforming scheme in downlink CoMP system. For
CoMP-JP mode, it needs UEs’ data and channel information
to exchange across APs which results in a large overhead.
The proposed scheme has only required the channel state
information to further reduce the overhead on the network



and has provided a considerable performance. The proposed
scheme has utilized the signal leakage information to other
cells to design the precoding vector to mitigate the multi-cell
interference. The proposed scheme can be adopted into
practice system by SRS based feedback under TDD mode.
The simulation results have shown that the proposed scheme
shows a much higher performance gain even outperforms
zero-forcing scheme in CoMP-JP mode. The CoMP-CBF
mode has started to attract much attention for future research
work because of the low overhead and good performance. In
general, CoMP-CBF mode is the trend for CoMP technique
to be deployed into practice, which can meets the
requirements set by LTE-A.
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