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1. Introduction

Coordinated multi-point transmission/reception (CoMP) is considered as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1-10]. According to [1], CoMP is mainly characterized into two categories:

· Coordinated scheduling/beamforming

· Joint processing/reception

In the category of joint processing, data to intended UE is simultaneously transmitted from multiple transmission points to improve the received signal quality and/or cancel interference for other UEs. Joint processing can be further classified into SU-CoMP and MU-CoMP according to the number of UEs served by multiple transmission points on the same time-frequency resources. As pointed out in [11], SU-CoMP is beneficial for cell edge UE only, but MU-CoMP provides gains for both cell center and cell edge UEs. 
In the category of coordinated scheduling/beamforming, “data is only available at serving cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set”[1]. Interference generated in the CoMP cooperating set is then well controlled.
In this contribution, system-level simulation results are provided to demonstrate the performance of downlink CoMP. Both the performances of MU-CoMP and coordinated scheduling/beamforming are presented. This is a revised version of R1-091987.
2. Performance Evaluation
2.1. Coordinated scheduling/beamforming
System description

Beamforming has been proven beneficial for increasing cell throughput, particularly, essential to users at cell edge in the commercial network of LCR-TDD. Single-layer beamforming is already supported in R8 and multi-layer beamforming has been proposed in R9 which is expected to provide clear benefits comparing to single-layer BF. It is also reasonable to apply this technique in CoMP scenarios for a higher system capacity and larger coverage. Based on such a consideration, coordinated scheduling/beamforming with dual-layer BF is studied. Their assumptions are detailed in the following Table 1.
Table 1 BF schemes assumptions and coordinated BF procedure

	Scheme
	Technical features
	Procedure and assumption
	BS antenna configuration

	1
	Dual-layer beamforming[3]
	· EBB beamforming by the channel estimation using SRS

· SRS period: 20ms
	· 8 elements with (4+4) cross polarization,

· 0.5lamda spacing

	2
	Coordinated dual-layer beamforming
	· Centralized scheduler within a cluster of 57 sectors

· Interference avoidance considering the max number of 3 sectors(ordered by path loss) based on the AOA distinction
	· 8 elements with (4+4) cross polarization,

· 0.5lamda spacing


Evaluation results
Performance of the beamforming schemes are summarized and presented in Table 2. The details of evaluation parameters are given in Appendix I.
Table 2 Simulation results of coordinated scheduling/beamforming
	Scheme
	Tech-Features
	Average spectral efficiency

[bps/Hz/cell]
	Relative gain
	Cell-edge UE spectral efficiency

[bps/Hz/cell/user]
	Relative gain

	1
	Dual-layer beamforming
	2.26
	100%
	0.069
	100%

	2
	Coordinated dual-layer beamforming
	2.58
	114%
	0.089
	129%


The simulation results show that compared with the performance of single cell dual-layer beamforming, the coordinated scheduling/beamforming provides 14% gain for the average cell spectrum efficiency and 29% gain for the cell edge UE spectral efficiency. 
2.2. MU-CoMP
System description

The 57 sectors are divided into 19 non-overlapping sector groups, as shown in Fig. 1. Sectors labelled with the same index constitute a sector group. All the UEs in the system are served by MU-CoMP. Specifically, a UE is served by the group that contains the UE’s serving cell.
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Fig. 1 Grouping of sectors

Scheduling and UE pairing
Within each sector group, a resource block will be allocated to multiple UEs belonging to the same sector group. Each UE is fixed to one layer transmission, and maximum 3 UEs are served simultaneously on a resource block. 
PF scheduler selects UE with the largest metric and allocates resources for the UE. Then the scheduler tries to find companion UEs belonging to the same group but in different sectors. After a successful pairing, the scheduler marks the allocated resources in the three sectors as occupied and moves on to the UE with the next largest metric.
Preprocessing

A simple Block Diagonalization (BD) algorithm is implemented to mitigate inter-user interference. The basic idea behind BD algorithm is that a UE’s precoding matrix is designed to be orthogonal to all of its companion UEs’ channels. Theoretically, inter-user interference can be eliminated. In practice, the interference may not be mitigated completely due to channel estimation errors and channel variations in time and frequency domain. 

Evaluation results

Performance of MU-CoMP is summarized and presented in Table 3. The details of evaluation parameters are given in Appendix II. For comparison, the performance of a reference system with single user non-codebook precoding is also given. The simulation parameters are the same as those of MU-CoMP, except that data transmission is from the serving cell with a non-codebook based precoding matrix.
Table 3 Simulation results of MU-CoMP
	Configuration
	Average spectral efficiency

[bps/Hz/cell]
	Relative gain
	Cell-edge UE spectral efficiency

[bps/Hz/cell/user] 
	Relative gain

	SU with non-codebook precoding
	1.50
	100%
	0.039
	100%

	MU-CoMP
	1.67
	112%
	0.057
	150%


The simulation results show that compared with the reference system, MU-CoMP provides 12% gain for the average cell spectrum efficiency and 50% gain for the cell edge user throughput.
3. Discussion and Conclusions
Several observations can be made from the evaluation results:

1. MU-CoMP provides significant gains on both cell-edge UE spectral efficiency and average spectral efficiency.
2. Coordinated scheduling/beamforming can provide gains comparable to MU-CoMP on both cell-edge UE spectral efficiency and average spectral efficiency.
It is conjectured that MU-CoMP is more sensitive to non-ideal factors, such as channel estimation error and feedback delay. Also large backhaul overhead and feedback overhead are needed to enable the function of MU-CoMP. On the other hand, the backhaul and feedback requirement in support of coordinated scheduling/beamforming is much lower than MU-CoMP. From standardization perspective, it is well recognized that coordinated scheduling/beamforming may have less impact on physical layer specification. These characters make coordinated schduling/beamforming a promising technique.
According to the simulation results and discussion above, coordinated scheduling/beamforming shall be regarded as one of the high priority technical features for the ITU submission and further study.
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5. Appendix I

The assumptions of system-level evaluation for coordinated scheduling/beamforming are summarized in Table 4.
Table 4 System-level simulation parameters

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Simulation scenarios
	Case1-2D

	Inter-site distance
	500m

	Users per cell
	10

	Channel model
	SCM

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	 SHAPE  \* MERGEFORMAT 




	Users dropped uniformly in entire cell
	 SHAPE  \* MERGEFORMAT 




	Minimum distance between UE and cell
	>= 35 meters

	BS antenna configuration
	4+4 cross-polarized/8, 0.5 wavelength

	UE antenna configuration
	2, 0.5 wavelength

	Antenna unit pattern (horizontal)
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	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8dB

	Shadow correlation
	Inter site
	1

	
	Intra site
	0.5

	Penetration loss
	20dB

	Bandwidth
	10MHz

	Carrier frequency
	2GHz

	UE speed
	3km/h

	Subcarrier spacing
	15kHz

	Scheduler
	PF

	Channel estimation error
	Ideal estimation

	Receiver processing
	MMSE

	Link to system
	EESM

	eNodeB Tx power
	46dBm

	BS antenna gain plus cable loss
	14 dBi 

	Service type
	Full buffer

	HARQ
	Asynchronous adaptive

	Maximum number of retransmission
	4


6. Appendix II
The assumptions of system-level evaluation for MU-CoMP are summarized in Table 5.

Table 5 System-level simulation parameters

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Simulation scenarios
	Case1-2D

	Inter-site distance
	500m

	Channel model
	SCM

	Antenna bore-sight points toward corner of cell (for 3-sector sites with fixed antenna patterns)
	
[image: image6]

	Users dropped uniformly in entire cell
	 SHAPE  \* MERGEFORMAT 




	Minimum distance between UE and cell
	>= 35 meters

	Number of antennas (Tx, Rx)
	(2, 2)

	Antenna separation in wavelength (Tx, Rx)
	(4, 0.5)

	Transmit antenna pattern
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	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8dB

	Shadow correlation
	Inter site
	1

	
	Intra site
	0.5

	Penetration loss
	20dB

	Bandwidth
	10MHz

	Carrier frequency
	2GHz

	UE speed
	3km/h

	Subcarrier spacing
	15kHz

	Scheduler
	PF

	Users per cell
	10

	Receiver processing
	MMSE

	Channel estimation error
	Ideal estimation

	Link to system
	EESM

	eNodeB Tx power
	46dBm

	Service type
	Full buffer

	HARQ
	Asynchronous adaptive

	Maximum number of retransmission
	4
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