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1
Introduction

Coordinated Multi-Point transmission/reception (CoMP) is one of the candidate techniques for LTE-Advanced systems to increase the cell average and cell edge user throughput in both uplink and downlink. Although CoMP naturally increases system complexity, it has potentially significant capacity and coverage benefits, making it worth a more detailed consideration. To be specific, the coordinated multipoint transmission is mainly characterized into two classes:
· Coordinated scheduling and/or beam-forming (CoMP-CS)

· Joint processing/transmission (CoMP-JP)

In the class of joint processing/reception, “data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs” [2]. In this class, data intended for a particular UE is shared among different transmission points and is jointly preprocessed at these transmission points. On the other hand, these transmission points can serve a single UE as in the CoMP-SU-MIMO mode, or serve multiple UEs simultaneously in the CoMP-MU-MIMO mode [3]-[6]. 


[image: image1.emf]CoMP-SU-MIMO
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                    Fig. 1  CoMP-SU-MIMO and CoMP-MU-MIMO

In 55bis meeting, several contributions [7]-[13] about CoMP-SU-MIMO are proposed. In this contribution, we focus on the downlink CoMP-MU-MIMO transmission scheme and present some initial system level performance evaluation which shows that the CoMP-MU-MIMO transmission scheme can bring significant gains to both the average sector throughput and the cell edge user throughput.
2
CoMP-MU-MIMO System
In the CoMP-MU-MIMO system, as shown in Fig.1, the joint preprocessing can be performed in a centralized manner within several transmission points. These cooperative points serve a UE-group which consists of several UEs using the same frequency at the same time. In each CoMP-MU-MIMO group, joint signal preprocessing should be implemented to mitigate inter-cell interference and subsequently improve system spectrum efficiency, especially the cell-edge user throughput.

Assuming that there are 
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 receive antennas at each UE. In the downlink, the M cooperative transmission points and the M paired UEs can form a  
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 virtual MIMO system, depicted in the Fig. 2. The system model and joint precoding algorithms are presented in the Annex A.1 and A.2.

[image: image6.wmf]UE

1

UE

2

UE

M

Point 

1

Point 

2

Point 

M

Joint 

Precoding

CoMP

-

MU

-

MIMO

r

n

r

n

r

n

M

M

t

n

M

t

n

M

t

n

UE

1

UE

2

UE

M

Receiver

Receiver

Receiver


Fig.2  Downlink CoMP-MU-MIMO system structure  

3
CoMP-MU-MIMO System Level Simulation
In this section, the performances of the proposed CoMP-MU-MIMO schemes are evaluated by system level simulation. The TDD frame structure with 10 milliseconds radio frame length and 1 millisecond subframe length is applied. We assume that all the subcarriers are transmitted with equivalent power. The detailed simulation parameters are listed in the Annex A.3. To evaluate the performance gain of CoMP-MU-MIMO, we consider the following two system configurations based on 7-site wrap around layout. There are 2 transmit antennas at each transmission point and 2 receive antennas at each UE. CoMP-MU-MIMO transmission within a fixed cluster of size 3, that is, 3 cooperative transmission points and 3 UE group can form a 6x6 virtual MIMO system.
· Configuration 1: Conventional non-cooperative system
The baseline system is the conventional non-cooperative system with codebook based precoding. Each UE is fixed to two layers transmission with MMSE receiver, that is, no rank adaptation.

[image: image7.wmf]
Fig.3  Conventional non-cooperative system
· Configuration 2: CoMP-MU-MIMO system with 3 sectors cooperation
The same color area denotes the cooperative area. The UEs’ signals within each CoMP group are jointly processed with a downlink joint precoding algorithm. Note that each UE is also fixed to two layers transmission with MMSE receiver, that is, no rank adaptation.

[image: image8.emf]
Fig.4  CoMP-MU-MIMO system with 3 sectors cooperation

The downlink throughput and spectrum efficiency results for non-cooperative and CoMP-MU-MIMO systems are listed in table I. Note that each sector independent PF scheduling is used for both systems.
	Configuration
	Average cell

throughput and

spectral efficiency

[Mb/s] / [bps/Hz/cell]
	Cell-edge user

throughput and

spectral efficiency

[Mb/s] / [bps/Hz/cell]

	Conventional non-cooperative system
	9.49 / 1.58
	0.116 / 0.019

	3 sectors cooperation with BD algorithm
	11.77 / 1.96
	0.169 / 0.028

	Gain
	24%
	45.7%


Note: SE =TP * 5 / 3 / 10MHz.

Compared with conventional non-cooperation system, the proposed 3 sectors in different sites cooperation with BD joint precoding algorithm enhance the downlink average cell throughput by 24% and cell-edge user throughput by 45.7% respectively. Due to no rank adaptation, the cell-edge user throughput of these schemes is a little low.

4
Conclusions

In this contribution, we investigate the downlink CoMP-MU-MIMO scheme and compare it with conventional non-cooperative system. Simulation results show that
· CoMP-MU-MIMO is one of the candidate techniques for LTE-Advanced systems to increase both the average sector throughput and the cell edge user throughput. The CoMP-MU-MIMO area is not limited to the cell edge area. 
· CoMP-MU-MIMO has better performance than CoMP-SU-MIMO.
· In the downlink CoMP transmission, to use whether CoMP-MU-MIMO or  CoMP-SU-MIMO need further study.
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6     Annex
A.1  CoMP-MU-MIMO System Model
Assuming that there are 
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 virtual MIMO system, depicted in the Fig. 2. The system model and joint precoding algorithms are presented in the Annex A.1 and A.2.
The channel matrix from the CoMP to the u-th user in the UE-group on the n-th subcarrier is denoted by 
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where 
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 is the average received signal power at the u-th UE from the i-th transmit antenna of the CoMP.      

Therefore, the composite channel matrix of the cooperative 
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 virtual MIMO system on the n-th subcarrier is given by
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The data vector intended for the u-th UE on the n-th subcarrier is given by
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where l denotes the number of layers for the u-th UE.

The joint precoding matrix for the u-th UE’s data vector is denoted as 
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, the transmit vector of the CoMP is given by
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where 
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The receive vector at the u-th UE can be written as
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where 
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Several different algorithms to obtain the joint precoding matrix 
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 for each UE are described in the next section, and we will show which algorithm is more preferable for the CoMP system in LTE-A.
A.2  Downlink CoMP-MU-MIMO Joint Precoding Algorithms
There are several algorithms to obtain the joint precoding matrix 
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 which are investigated as following.

· Block diagonalization (BD) algorithm

Block diagonalization (BD) algorithm is other suboptimal solution under the constraint that all inter-user interference is mitigated within the cooperative RRUs while each receiver is equipped with multiple antennas.

The principle of block diagonalization is to find the precoding matrix to fulfill the constraint 
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, which means all multi-user interference will be eliminated.  
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The zero inter-user interference constraint forces 
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where the superscript H indicates the Hermitian transpose. 
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The number of independent data streams intended for user i denoted as li should be no more than the column number of 
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So, the precoding matrix can be denoted as
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With the precoding matrix 
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After obtaining 
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 is fulfilled. One way to improve the capacity is using MIMO eigen beamforming. Denote the SVD of the effective channel matrix 
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where 
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 consists of the singular vectors corresponding to non-zero singular values and can be used to maximize the received SINR for user i subject to the zero inter-user interference constraint.
The precoding matrix on the n-th subcarrier then can be defined as
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A.3  Simulation Parameters
Simulation Parameters
	parameters
	value

	layout
	7 sites with 3 cells (sectors) each

	ISD
	500m

	Carrier frequency
	2.0GHz

	Bandwidth
	10MHz

	DL/UL ratio
	2DL/2UL

	Special timeslot
	[10:2:2] for DwPTS, GP and UpPTS

	Ave. Num of users per cell
	10

	Num of TX-antennas per RRU
	2 with 4
[image: image60.wmf]l

 spaced

	Num of RX-antennas per UE
	2 with 0.5
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 spaced

	Num of layers per UE
	Rank=2, no rank adaptation

	Antenna pattern
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 = 70 degrees, Am = 20 dB

	Antenna Gain
	14dBi for sector-antenna

	Traffic
	Full Buffer

	UE speed
	3Km/h

	Penetration loss
	20dB

	Frequency reuse
	1

	Path loss
	128.1+37.6lg(d), d, in km, Minimum path loss 70 dB

	Scheduling method
	PF with each sector independent scheduling

	HARQ
	Synchronous with process number 7 and maximal retransmission times 3

	Channel
	SCM-E

	Link to system model
	EESM
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