
3GPP TSG RAN WG1 meeting #56





 



 R1-090822
Athens, Greece, February 09 – 13, 2009
Agenda Item:
12.2
Source:
Huawei
Title:
System Performance Evaluation of Downlink CoMP
Document for:
Discussion 
1 Introduction
Coordinated multi-point transmission/reception (CoMP) is widely regarded as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or increase cell average throughput [1]. In this contribution, a system-level simulation is presented as an example to show the performance of downlink multi-point joint transmission. The evaluation results support that downlink CoMP would greatly increase the cell-edge user throughput as well as the cell average throughput. Moreover, it is observed that the not only 5% cell-edge UE’s throughput are improved, but also more other UEs’ throughput and cell average throughput are improved by applying CoMP in the whole cell coverage. So CoMP should not only be applied in 5% cell-edge area. The conclusion is as following:

· CoMP is beneficial to both cell-edge user throughput and cell average throughput. It is a promising technique to achieve the advanced requirement for E-UTRA.

· UE/cell-average throughput is increased when all UE in the cell coverage would employ CoMP. 5%, 20% and 30% cell-edge UEs’ throughput are increased by more than 65%, even 50% cell-edge UEs’ throughput are increased by 58%.Therefore, CoMP range shouldn’t be limited to the 5% cell edge users.

2 System Model
2.1 Topology

In conventional cellular system, to decrease inter-cell interference, the angle between the normal of adjacent cells are set as large as possible. As a result, cells are arranged as non-CoMP mode (UE is served by one cell), as shown in Figure 1 [2].


[image: image1.emf]
Figure.1  Conventional non-CoMP cellular system
In CoMP system, for multi-cell joint transmission, it would generate much gain if antenna pattern is re-arranged, i.e. Figure 2 [2]. In this case, with joint scheduling, i.e. three cells in different sites could compose a cell group and jointly transmit signal to the UE belong to this cell group. Then in CoMP system, all the area covered by the network is divided into multiple cell groups, and these re-arranged cell groups will be the unit of scheduling.

[image: image2.emf]
Figure.2  CoMP system with 3 cells Joint Transmission
2.2 Downlink CoMP Joint Transmission Design
2.2.1 Active CoMP Set Selection
For downlink intra-eNode B CoMP, UE will be served by multiple cells jointly, and all the cells belong to the same eNode B are divided into cell groups and all the cell groups are not overlapped. In the simulation, we consider that UE would be scheduled and served by a cell group.

So DL CoMP joint scheduling means to allocate radio resources of cells in one cell group to UEs in the same cell group. For each UE, the cell group with highest joint geometry will be selected semi-statically as the serving cell group. Then the need for CoMP mode could be achieved more easily, and joint processing gain could be satisfied.
According to the antenna configuration in CoMP scenario, one cell group contains 3 adjacent cells. So at most 3 cells, which means 3*
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 is the antenna number for each cell) antennas, will jointly transmit signals for each UE.

2.2.2 Multi-cell Joint Scheduling
To further improve spectrum efficiency, Multi-cell MU MIMO is used. For each cell group, each radio resource block will be allocated to 1 or more but no more than 3 (cell number in one cell group) UEs belonging to the same cell group, adaptively per TTI. And the resource allocation is based on feedbacked CQI and other channel status information of these UEs.

PF (Proportional Fair) scheduling should be modified to fit the features of CoMP Multi-cell MU-MIMO. For UE pairing, it will be very difficult to get both absolute fair and high performance improvement. And when doing UE pairing, calculation complexity should be in control and not high. So UE’s priority, single UE throughput increase and sum throughput increase, which are main aspects affecting the cell average throughput and cell edge throughput, should be considered in CoMP PF scheduling method.
2.2.3 Joint Precoding 
For downlink joint transmission, the cells in one active CoMP set serve a UE-group which consists of several UEs using the same radio resource (time and frequency domain). In each active CoMP set, joint signal precoding (non-codebook precoding) is implemented to mitigate inter-user interference and then improve system spectrum efficiency. The detailed procedure of joint signal precoding consists of steps as following:

· Step 1: The channels from the active CoMP set to the UE-group compose a composite channel. The Block diagonalization (BD) algorithm is applied to cancel all inter-user interference among these users. 
· Step 2: For each UE, after the BD precoding, a composite channel matrix is obtained. Then beamforming precoding is applied to this composite channel for higher capacity. So the joint precoding matrix is the combination of BD and single-user (SU) beamforming precoding matrix. 

3 Evaluation results

3.1 Evaluation Description
Reference case is a non-CoMP case, with codebook-based precoding. The topology is as Figure 1, which means one UE is only served by one cell. Overhead is discounted when calculating throughput.
Practical simulation assumption, including CQI feedback delay, interference estimation and so on, is considered in both reference case and CoMP system. So the performance of these two cases is reasonable and close to real system.
3.2 Simulation Results and Analysis 
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Figure 3 Throughput CDF of non-CoMP and CoMP
From simulation results, we can see that cell edge UE throughput and cell average throughput are both improved in CoMP system. The throughput gain is as Table 1. So DL CoMP should not be limited only to the 5% cell edge UE.
Table 1 Throughput/SE enhancement with CoMP over Reference case
	Cell average
throughput gain
	5% UE
throughput gain
	20% UE
throughput gain
	30% UE
throughput gain
	50% UE
throughput gain

	25.4%
	67.7%
	66.7%
	69.9%
	58.1%


4 Conclusions
This contribution gives a system-level simulation as an example to show the performance of downlink CoMP joint transmission. From the evaluation results, we could observe that:
· CoMP is beneficial to both cell-edge user throughput and cell average throughput. Over 25% gain for cell average throughput and over 67% gain cell edge throughput can be seen from the example of downlink CoMP scheme. It is surely a promising technique to achieve the advanced requirement for E-UTRA.
· UE and cell-average throughput are increased when all UEs in the cell coverage would employ CoMP transmission. We can see that 5%, 20% and 30% cell-edge UEs’ throughput are increased by more than 65%, even 50% cell-edge UEs’ throughput are increased by 58%. Therefore, CoMP range shouldn’t be limited to the 5% cell edge users. 
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Appendix A: Simulation Assumption

Table 2 Simulation Assumption

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Channel model
	Spatial Channel Model (SCM)

	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(4, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(4, 0.5) 

	Traffic model
	Full buffer

	Link to system interface
	Mutual information

	CQI / ACK/NAK feedback delay
	4 ms

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC;

8 processes

Maximum 3 transmission times

	Receiver algorithm
	MMSE
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