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1 Introduction

This contribution provides the system evaluation of DL CoMP CB, including both CBF (Coordinated Beamforming) and CBS (Coordinated Beam Switching), based on the agreed system assumptions [1] for Phase 1.
2 Schemes 
2.1 CBF
1. Coordination scope 
· Coordination threshold: find the strong interfering cells for each user based on large fading signal as following, 
· RSRPserving_cell  – RSRPcoordinate_cell <10dB 

· Iteratively, to find actual victim UE group based on the scheduling results of all cells in the last iteration.

2. Precoding scheme
Define SLNR to calculate the precoding matrix, as following,
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It is shown in [3] that the solution of maximize SLNR is given by
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Where (.)H means Hermitian conversion, 

 is the precoding matrix for UE i of cell k, 

 is the covariance matrix observed by UE i of cell k, 

 is the victim UE set, α is a regularization actor.
3. Scheduler 

· Iterative and distributed scheduler.

· Iteration 1

· Step 1: Perform scheduling at cell_1

· Step 2: Perform scheduling at cell_2 based on the schedule result and precoder of cell_1

· Step 3: Perform scheduling at cell_3 based on the schedule result and precoder of cell_1,cell_2

· …

· Iteration 2

· Step 1: Perform scheduling at cell_1 based on the schedule result and precoder of cell_2,cell_3

· Step 2: Perform scheduling at cell_2 based on the schedule result and precoder of cell_1,cell_3

· Step 3: Perform scheduling at cell_3 based on the schedule result and precoder of cell_1,cell_2

· …

· …

· Limit the maximum number of UEs that need to be coordinated to 2.

4. CQI recalculation 

· Based on SLNR precoder 
· OLLA
2.2 CBS
1. Coordination scope
· In CBS, all the eNBs in a coordination cluster are synchronized with each other across time/frequency resources. 
2. Feedback & Pattern generation
· Each cell will generate a beam pattern based on UE’s wideband PMI report, UEs’ distribution and traffic load. The size of this beam pattern for each cell is pre-defined, e.g. 8 beams per pattern for all cells. 
· The cell will transmit data by using the precoding vector according to its beam pattern, e.g. one beam per TTI. 
· UE measures the channel state information (CSI) periodically in the beam pattern for each time-frequency resource unit, e.g. subband per TTI. Then UE reports one or multiple best CSI in the beam pattern period to the eNB. The CSI consists of one or more CQI and related subband and subframe index.
3. Scheduling

· eNB performs scheduling, selecting the best UE for the corresponding beam in the beam pattern in each TTI, based on the received CSI related to specific beam.
3 System Evaluation Results
3.1 CBF
Single-cell CBF is evaluated for both scenario 1 & 2, to be compared with single-cell SU-MIMO. The results are provided in Table 1. It could be observed that at least cell edge UE throughput could be enhanced by 15%~20% by CBF. 
	Table 1 System Performance of CBF over single cell SU-MIMO
　
	Antenna Configuration
	Impairments modeling 
	Scenario 1 
	Scenario 2 

	
	
	
	Cell Avg Gain over single cell SU-MIMO 
	Cell Edge Gain over single cell SU-MIMO 
	Cell Avg Gain over single cell SU-MIMO 
	Cell Edge Gain over single cell SU-MIMO 

	Case1 AS=15°
	CPA*
	Ideal 
	1.88%
	13.62%
	2.69%
	20.04%

	
	ULA
	Ideal 
	1.21%
	16.14%
	1.82%
	15.17%


*CPA means cross-polar antenna array.
3.2 CBS 
Single-cell CBS is evaluated. Since each cell simply switches beams periodically, the amount of coordination achieved in the network is the same for scenarios 1 and 2. So this type of CBS will have the same performance in scenarios 1 & 2. The results are provided in Table 2 & Table 3. It can be observed that even with practical 8ms feedback delay, CBS will provide about 5% and 10~15% performance gain on cell average and cell edge. 
Table 2 System Performance of CBS over single cell SU-MIMO, 2x2, with no Feedback Delay
	Tx mode
	Antenna Configuration
	Receiver
	Cell Avg Gain
	Cell Edge Gain

	SU-MIMO
	2x2 ULA
	MMSE-IRC
	0.00%
	0.00%

	SU-MIMO
	2x2 ULA
	MMSE option 1
	0.00%
	0.00%

	SU-CBS
	2x2 ULA
	MMSE-IRC
	5.06%
	10.14%

	SU-CBS
	2x2 ULA
	MMSE option 1
	5.40%
	15.01%

	SU-MIMO
	2x2 CPA
	MMSE-IRC
	0.00%
	0.00%

	SU-MIMO
	2x2 CPA
	MMSE option 1
	0.00%
	0.00%

	SU-CBS
	2x2 CPA
	MMSE-IRC
	5.99%
	11.48%

	SU-CBS
	2x2 CPA
	MMSE option 1
	4.09%
	11.12%


Table 3 System Performance of CBS over single cell SU-MIMO, 2x2, with 8ms Feedback Delay
	Tx mode
	Antenna Configuration
	Receiver
	Cell Avg Gain
	Cell Edge Gain

	SU-MIMO
	2x2 ULA
	MMSE-IRC
	0.00%
	0.00%

	SU-MIMO
	2x2 ULA
	MMSE option 1
	0.00%
	0.00%

	SU-CBS
	2x2 ULA
	MMSE-IRC
	4.32%
	14.16%

	SU-CBS
	2x2 ULA
	MMSE option 1
	5.13%
	11.67%

	SU-MIMO
	2x2 CPA
	MMSE-IRC
	0.00%
	0.00%

	SU-MIMO
	2x2 CPA
	MMSE option 1
	0.00%
	0.00%

	SU-CBS
	2x2 CPA
	MMSE-IRC
	3.56%
	9.80%

	SU-CBS
	2x2 CPA
	MMSE option 1
	3.65%
	9.64%


4 Conclusions
This contribution provides the system evaluation of DL CoMP CB, including both CBF and CBS, based on the agreed system assumptions for Phase 1. From the evaluation results, it can be observed that:
· Compared with single-cell SU-MIMO, CBF could provide about 13%~16% gain on cell edge and with no loss on cell average throughput for scenario 1. For scenario 2, about 6.5% more gain on cell edge UE throughput will be achieved for CPA Case.
· Compared with single-cell SU-MIMO for 2x2 cases, CBS will provide 5% and 10~15% performance gain on cell average and cell edge, if feedback delay is not considered. A practical 8ms feedback delay has a very small impact on the gain for 2x2 cases.
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Appendix A. System Assumptions
Table 4 System Assumptions for CBF evaluation
	Parameter 
	Values used for evaluation 

	Deployment scenarios 
	1:Homogeneous network with intra-site coordination
2:Homogeneous network with 9 high Tx power RRHs coordination

	Number of UEs per cell 
	10 

	System bandwidth 
	10 MHz (FDD) 

	Network synchronization 
	Synchronized 

	eNB Antenna tilt 
	3D 

	Feedback scheme 
	Short-term and subband first eigen vector of channel covariance matrix without quantization. 

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	CSI feedback delay 
	4ms 

	CSI feedback period 
	5 ms 

	UE receiver 
	MMSE option 2 [2]
Ideal channel estimation based on DM-RS 

	Placing of UEs 
	Uniform distribution for homogeneous networks 

	Scheduler 
	Proportional Fair + iteration (3 times) 

	Precoding Scheme 
	SLNR 

	Transmission Scheme 
	Single layer SU-MIMO 

	Traffic model 
	Full buffer 

	Backhaul assumptions 
	Step 1: point-to-point fiber, zero latency and infinite capacity 

	HARQ 
	Chase Combining, Maximum 3 transmission 


Table 5 System Assumptions for CBS Evaluation
	Parameter
	Values used for evaluation

	Deployment scenarios
	Homogeneous network
1:Homogeneous network with intra-site coordination
2:Homogeneous network with 9 high Tx power RRHs coordination

	Simulation case
	3GPP-Case1 with 8 degree angle spread

	Number of UEs per cell
	10

	Duplex mode
	FDD

	System bandwidth
	10MHz

	Possible transmission schemes in DL
	Single layer SU-MIMO
Single layer SU-CBS

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	2

	Number of antennas at UE
	2

	Antenna configuration
	2 Tx antennas
1 columns, cross-polarized on each column, closely-spaced: X
2 columns, co-polarized, closely-spaced: | | 

	Antenna pattern
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2

	eNB Antenna tilt
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2 
3D

	Feedback scheme
	Rank 1 Rel 8 Codebook is used.
SU-MIMO: PUSCH subband CQI and PMI
SU-CBS: Wideband PMI, PUSCH subband CQI

	Channel estimation
	Ideal

	UE receiver
	MMSE-IRC
MMSE option 1 [2]

	DL overhead assumption
	3 symbols for DL CCHs, 4 ports CRS

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer 

	HARQ
	CC, Maximum 3 transmission 
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