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1 Introduction

This document shows the updated DL CoMP phase 1 performance evaluation according to the simulation assumptions agreed in [1]. In particular, the evaluations are updated with modelling of channel estimation errors.
2 System Evaluation of Phase 1
10 UEs per cell was assumed in full buffer traffic model for homogeneous networks with high transmission power RRHs. The central entity can coordinate 3 cells in scenario 1 or 9 cells in scenario 2, and the coordinated RRHs are connected by fiber, which means zero latency and infinite capacity is assumed for the backhaul. A greedy and proportional fair scheduler is used for single cell MU-MIMO and CoMP JT to allocate near-optimal resource blocks to UEs to guarantee high cell average throughput and cell edge UE throughput. Further assumptions are listed in Appendix A, and more details are provided in [2].
Table 1. Evaluation of CoMP Gain in FDD (4Tx)
	
	Antenna Config.
	Scenario 1
	Scenario 2
	Jain Index

	
	
	Cell capacity gain over single cell MU-MIMO
	Cell edge [5%] user gain over single cell MU-MIMO
	Cell capacity gain over single cell MU-MIMO
	Cell edge [5%] user gain over single cell MU-MIMO
	Single cell MU-MIMO
	Scenario 1 MU-JT
	Scenario 2 MU-JT

	Case1 AS=15°
	XX
	9.86%
	29.41%
	8.17%
	47.38%
	0.7552
	0.8165
	0.8385

	
	||||
	16.36%
	32.90%
	14.30%
	50.49%
	0.7497
	0.7929
	0.8174

	UMi
	XX
	21.60%
	31.63%
	19.26%
	58.04%
	0.6902
	0.7379
	0.7547

	
	||||
	18.03%
	36.42%
	15.24%
	47.25%
	0.7015
	0.7375
	0.7593


Table 2. Evaluation of CoMP Gain in FDD (2Tx)
	
	Antenna Config.
	Scenario 1
	Scenario 2
	Jain Index

	
	
	Cell capacity gain over single cell MU-MIMO
	Cell edge [5%] user gain over single cell MU-MIMO
	Cell capacity gain over single cell MU-MIMO
	Cell edge [5%] user gain over single cell MU-MIMO
	Single cell MU-MIMO
	Scenario 1 MU-JT
	Scenario 2 MU-JT

	Case1 AS=15°
	X
	9.67%
	36.50%
	8.79%
	58.56%
	0.6881
	0.7682
	0.7932

	
	||
	20.43%
	45.34%
	20.09%
	63.86%
	0.7351
	0.7973
	0.8234

	UMi
	X
	31.64%
	55.88%
	31.25%
	80.62%
	0.6492
	0.7286
	0.7549

	
	||
	37.02%
	48.91%
	36.39%
	69.76%
	0.6959
	0.7317
	0.7576


Table 3. Evaluation of CoMP Gain in TDD (4Tx)
	
	Antenna Config.
	Scenario 1
	Scenario 2
	Jain Index

	
	
	Cell capacity gain over single cell MU-MIMO
	Cell edge [5%] user gain over single cell MU-MIMO
	Cell capacity gain over single cell MU-MIMO
	Cell edge [5%] user gain over single cell MU-MIMO
	Single cell MU-MIMO
	Scenario 1 MU-JT
	Scenario 2 MU-JT

	Case1 AS=15°
	XX
	30.31%
	46.69%
	32.08%
	74.71%
	0.7325
	0.7924
	0.8187

	
	||||
	28.79%
	37.84%
	27.12%
	58.28%
	0.7402
	0.7815
	0.8156

	UMi
	XX
	53.85%
	70.47%
	52.70%
	94.57%
	0.6815
	0.7565
	0.79

	
	||||
	51.57%
	64.90%
	52.47%
	90.31%
	0.7136
	0.7431
	0.7626


Table 4. Evaluation of CoMP Gain in TDD (2Tx)
	
	Antenna Config.
	Scenario 1
	Scenario 2
	Jain Index

	
	
	Cell capacity gain over single cell MU-MIMO
	Cell edge [5%] user gain over single cell MU-MIMO
	Cell capacity gain over single cell MU-MIMO
	Cell edge [5%] user gain over single cell MU-MIMO
	Single cell MU-MIMO
	Scenario 1 MU-JT
	Scenario 2 MU-JT

	Case1 AS=15°
	X
	26.51%
	53.24%
	27.07%
	78.97%
	0.6888
	0.7663
	0.7986

	
	||
	30.99%
	42.22%
	31.00%
	60.26%
	0.731
	0.7849
	0.819

	UMi
	X
	53.19%
	94.61%
	52.57%
	119.51%
	0.6456
	0.7369
	0.7713

	
	||
	58.63%
	69.68%
	61.54%
	94.83%
	0.7253
	0.7426
	0.7637


3 Conclusions

This contribution provides the results of evaluation of single cell transmission and CoMP JT performance in Case1 and UMi scenarios for full buffer traffic. 
Observations:

· Promising gains (especially cell edge) over single cell transmission 

· More CoMP gain is observed in ITU UMi than in 3GPP case 1

· Evaluation results show that most of the cell average gain and part of the cell edge gain come from intra-site 3 cells coordination; inter-site coordination (from scenario 1 to scenario 2) contributes to another part of cell edge gain. These gains are observed with channel estimation error modeling
· Evaluation results show that Jain index can be improved by CoMP without loss in neither cell capacity nor cell-edge user throughput.
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Appendix A. Assumptions in full buffer traffic
The detailed evaluation assumptions for calibration as in Table 4:

Table 5: System simulation parameters

	Parameter
	Values used for evaluation

	Deployment scenarios
	1. Homogeneous network with intra-site CoMP

2. Homogeneous network with high Tx power RRHs 
· The central entity can coordinate 9 cells
· RRH Tx power is 46 dBm for a 10 MHz bandwidth
·  RRH Tx power is 41 dBm for a 10 MHz bandwidth in ITU-UMi

	Simulation case
	3GPP-Case1 with 8 degree angle spread

3GPP-Case1 with 15 degree spread 

ITU-UMi

	Number of UEs per cell
	10

	Duplex mode
	FDD & TDD

	Uplink-downlink configurations in TDD
	Configuration 1: DL subframes: special subframes: UL subframes = 2:1:2; 
11 symbols for DwPTS; 1 symbol for GP, 2 symbol for UpPTS

	System bandwidth
	10 MHz (FDD), 20MHz (TDD)

	Possible transmission schemes in DL
	MU-MIMO

MU-MIMO with JT-CoMP

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	2 or 4

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB and high power RRH:

2 Tx antennas

1.
1 column, cross-polarized: X

2.
2 columns, closely-spaced co-polarized: | |

4 Tx antennas

1.
2 columns, cross-polarized on each column, closely-spaced: X X

3.
4 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
	FDD: 

Single-cell MU-MIMO: adaptive codebook, using short-term subband CSI (2 or 4 bits PMI) + long-term covariance matrix, 4 bits subband CQI
CoMP JT: 

Same CSI with Single-cell MU-MIMO for serving cell;

Long-term channel covariance matrix plus short-term codebook-based CSI with 4 bits per sub-band per neighbor cell; 
Long-term channel covariance matrix is obtained by channel reciprocity;

4 bits subband CQI

TDD: 

SRS, 4 bits subband CQI.

	CSI feedback delay
	4ms

	CSI feedback period
	FDD MU-MIMO: 5 ms for short term;100 ms for long term
FDD CoMP: 10 ms for short term;100 ms for long term
TDD MU-MIMO/CoMP: 5ms SRS period

	Channel estimation
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	UE receiver
	MMSE option 2 [3]

Ideal channel estimation based on DM-RS 

	DL overhead assumption
	3 symbols for DL CCHs (2 symbols for DwPTS CCHs in TDD), 1 port CRS and 12 REs for DM-RS for both single-cell MU-MIMO and CoMP

2 or 4 port CSI-RS with 5ms period for single-cell MU-MIMO and CoMP; 

No muting for single-cell MU-MIMO.

For scenario 1:

 4 port x 1+ 2 port muting with 10ms period for 2Tx CoMP (assuming that 2-port CSI-RS patterns of 3 coordinated cells can combine to form one 4-port CSI-RS patterns and one 2-port CSI-RS pattern), 4 port x 2 muting with 10ms period for 4Tx CoMP.

For scenario 2:

 4 port x 4+ 2 port muting with 10ms period for 2Tx CoMP (assuming that 2-port CSI-RS patterns of 9 coordinated cells can combine to form four 4-port CSI-RS patterns and one 2-port CSI-RS pattern), 4 port x 8 muting with 10ms period for 4Tx CoMP.

	Placing of UEs
	Uniform distribution for homogeneous networks

	Criteria for CoMP
	RSRPserving_cell  – RSRPcoordinate_cell <20dB

	Scheduler
	Greedy + Proportional Fair

	Precoding Scheme 
	Zero Forcing

	Number of simultaneous UEs
	Single-cell MU-MIMO: Adaptive, at most 2UEs/cell for 2Tx, 4UEs/cell for 4Tx

CoMP JT: Adaptive, at most 2UEs/cell for 2Tx, 4UEs/cell for 4Tx

	Traffic model
	Full buffer 

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

	HARQ
	CC, Maximum 3 transmission 


Appendix B. Average SINR of CSI-RS and SRS
Figure 1 and Figure 2 show the average SINR of CSI-RS and SRS, respectively. Each figure shows K different CDF curves corresponding to statistics over all UEs of average SINR of the estimated channel for the k-th strongest transmission point for a UE, where K = number of transmission points in the CoMP cluster. 
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Figure 1.  average SINR of CSI-RS
	
	Scenario 1
	Scenario 2

	Case1
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Figure 2.  average SINR of SRS
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