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1 Introduction
In RAN1 #68bis meeting, a working assumption is proposed as for :

· The maximum size of the CoMP measurement set is 3 CSI-RS resources.
Check performance, complexity and implications for feedback until RAN1#69.
As a result of some companies want more time to consider, a preliminary agreement is achieved:

· The maximum size of the CoMP measurement set is FFS between 2 and 3 CSI-RS resources – to be decided at RAN1#69.
In this contribution, we express our views that maximum size of COMP measurement set equal to 3 is a better choice than 2 which is supported by system simulation results.
2 Maximum CoMP measurement set size 2 versus 3 
The need of limiting the CoMP measurement set size is mainly because of the following aspects: 

· Complexity of UE measuring multiple CSI-RS resources to obtain channel and interference information
· CoMP control signaling overhead
· Uplink CSI feedback design overhead
The question is whether limiting the size to 3 is sufficient to address these concerns.  If complexity and overhead really are concerns when the size is 3, some restrictions can be put for Rel-11 UEs, e.g.

· Restrict the number of hypotheses for CQI calculation

- Number of hypotheses on the transmitting and interfering points can be increased when measurement size is 3 if we consider all the possible combinations among the 3 points.  We can limit the number of hypotheses to be less than the number of all possible combinations. For example, we can restrict the number of interference hypotheses to two even when the CoMP measurement set size equal to 3.
· Offload partial configuration to RRC signaling 
· RRC signaling overhead is a less concern than DCI overhead .  Partial configuration can be done by RRC signaling to reduce required DCI bits for CSI triggering and PDSCH rate-matching information.  

· Control of uplink CSI overhead

· Network can configure the number of measurement points according to the uplink CSI overhead.  If uplink traffic loading is too heavy to afford increased uplink overhead for CoMP feedback, the network should avoid configuring UEs to measure and report 3 points. Also, CSI dropping rule can be defined for CoMP when collision occurs.

By putting these measures, the complexity and overhead can be reduced.  Next we are going to check how much portion of the UEs can benefit from measurement set size of 3 and how much performance gain in different scenarios.  The following analysis is done in these two perspectives.
Table 1: Distribution of CoMP measurement set size
	CoMP threshold
	Scenario
	Percentage of

Single Point
	Percentage of

2 Points
	Percentage of

3 Points

	6 dB
	Scenario 1
	84.64%
	11.55%
	3.81%

	
	Scenario 2
	78.93%
	16.19%
	4.88%

	
	Scenario3/4
	76.09%
	16.32%
	7.59%

	10 dB
	Scenario 1
	74.76%
	20.12%
	5.12%

	
	Scenario 2
	65.95%
	25%
	9.05%

	
	Scenario3/4
	58.64%
	32.09%
	9.27%


1. UE proportions of different CoMP measurements set size 
Proportions of UEs with CoMP measurement set size of 1, 2 or 3 for 6dB and 10dB CoMP threshold under scenarios 1-4 are shown in Table 1.  It can be observed that CoMP measurement set of 1 occupies most of the proportion in all scenarios.  Percentage of UEs with measurement set size of 3 ranges from about 4% to 9% depending on different scenarios.  In particular for heterogeneous network scenarios, number of measurement points tends to be larger.  

Keep in mind that CoMP is a technique particularly improves cell edge performance which is an important performance metric in real network.  5% worst UE is usually the metric we used in simulations.  Therefore, it is clear that 4 to 9% of UEs is not the percentage we can ignore in the perspective of cell edge performance.
2. Performance comparsion
System level simulations were performed to compare the case with the size equal to 2 and with the case equal to 3.  The detailed simulation parameters can be referred to Appendix A.
Table 2 Performance comparison between measurement set sizes of 2 and 3 in Scenario 1.
	Transmission scheme and measurement set size
	Cell average spectral efficiency(bps/Hz)
	Cell edge spectral efficiency(bps/Hz)

	Non-CoMP
	1.9738
(0%)
	0.0446
(0%)

	JT of scenario 1
	Max measurement set size of 2
	2.0146
(+2.08%)
	0.0528
(+18.39%)

	
	Max measurement set size of 3
	2.0543
(+4.08%)
	0.0556   
(+24.66%)

	JT of scenario 2
	Max measurement set size of 2
	2.014
(+2.04%)
	0.0537
(+20.4%)

	
	Max measurement set size of 3
	2.0545   
(+4.09%,)
	0.0571
(+28.4%)


Table 2 shows the extra performance gains in scenario 1 of having 3 coordinating points over 2 points are around 2% and 6% on cell average and cell edge respectively.  The additional gains observed for scenario 2 of having 3 coordinating points over 2 points are about 2% and 8% on cell average and cell edge respectively.  Selection of CoMP measurement set is done based on 10dB CoMP threshold.  As shown Table 4 for heterogeneous network cases, having maximum measurement set size of 3 provides additional 9% gain on cell edge.  We believe 9% gain cannot be considered as a marginal gain. It is significant part of total CoMP gain.  
Table 3 Performance comparison between measurement set sizes of 2 and 3 in Scenario 3/4.

	Transmission scheme and measurement set size
	Cell average spectral efficiency(bps/Hz)
	Cell edge spectral efficiency(bps/Hz)

	Non-CoMP
	11.4114
 (0%)
	0.0459
 (0%)

	JT of scenario 3/4
	Max measurement set size of 2
	11.6852
(+2.40%)
	0.0605
(+31.81%)

	
	Max measurement set size of 3
	11.6870
(+2.42%)
	0.0648  
(+41.18%)


Another performance benefit from measurement set size of 3 is the support of transparent coherent JT. The third CSI-RS resource can be used for inter-point feedback. It can be shown in [5] that more than 10% gain over non-coherent JT can be obtained.  Moreover, support of feeding back aggregated PMI and per-point CSI at the same time also requires 3 CSI-RS resources.  
Keep in mind that the evaluated scenarios are quite limited.  If we consider a denser network like homogeneous UMi network or heterogeneous network with larger number of LPNs, the gain is expected to be more significant and more UEs are expected to enjoy the benefit.  In our views, maximum size of CoMP measurement set equal to 3 is a good choice.  Complexity increase and little more specification work are worthwhile.
Proposal：Maximum size of CoMP measurement set equal to 3 should be specified in Rel-11.
Conclusion
In this contribution, we discuss the size of CoMP measurement set for CSI feedback.  Our proposal on CoMP measurement set size is:
Maximum size of CoMP measurement set equal to 3 should be specified in Rel-11.
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Appendix A
Table 4 Simulation assumptions for homogeneous network simulation 
	Parameters
	Assumptions

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

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz FDD

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 3D -  SCME- UMa  (High Spread)
ITU-UMi 3D

	Antenna configuration
	Transmitter: 2 Tx cross-polarized antenna at eNB

Receiver: 2Rx cross-polarized antenna at UE

Antenna tilt etilt = 15 degree

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB

	Feedback scheme
	For  CoMP UEs, 4bit CQI + 2/4bit PMI using Rel-8 codebook for 2 antenna ports with phase correction (2bit phase with π/2 resolution). 
For non-CoMP UEs, Rel-8 RI/CQI/PMI is reported.

	CoMP scheme
	Joint Processing

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE receiver (Option1 in [4])

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
Channel estimation error modeling 
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Table 5 Simulation assumptions for heterogeneous network simulation 
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 sites, 3 Macro cells per site, wrap‑around 

	LPN Configuration
	Configuration #4b with 4 low power nodes per macro cell

	Number of UEs dropped within each macro geographical area
	30

	Channel Model 
	ITU UMa for Macro, UMi for low power node

	Operating bandwidth (BW)
	10 MHz

	Tx Power 
	46dBm for macro and 30dBm for LPN

	UE Speed
	3km/h

	Association bias
	6dB

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at macro eNB, 2Tx cross-polarized antenna at LPN RRH

Receiver: 2Rx cross-polarized antenna at UE
Antenna tilt  15 degree

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB 

	Feedback scheme
	 Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook and Rel-8 4Tx codebook for JT

	CoMP scheme
	Joint Transmission (JT)

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Traffic Model 
	Full Buffer

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
Channel estimation error modeling 
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