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1. Introduction

CoMP measurement set is defined as a set of CSI-RS resources on which CSI feedback is provided. Since the size of CoMP measurement is tied with CoMP performance and complexity of UE, a careful consideration of this issue is required. In this contribution we provide our views on the maximum size of CoMP measurement set as well as on relation of CoMP measurement with CoMP reporting sets.
2. Size of CoMP measurement set for different CoMP schemes
The CoMP measurement set is defined as a set of CSI-RS resources on which CSI feedback is provided. Proper selection of the maximum size of CoMP measurement set is important task, since each additional CSI-RS resource for CSI processing adds complexity to the UE and also increases the uplink overhead required for the CSI reporting. Therefore reasonable limiting of CoMP measurement size without deterioration of CoMP performance is required. 
In principle different CoMP schemes may have different requirements on maximum size of CoMP measurement set. For example, for DPS scheme providing performance benefits primary in heterogeneous deployments by balancing the traffic load across high and low power nodes the maximum size of CoMP measurement set may be limited to two CSI-RS resources, where CSI-RS resource in CoMP measurement set will correspond to high or low power node. Similar in SU-MIMO JT CoMP the significant gains can be already achieved by converting single strongest interference point to the useful transmitting point. Further increasing the CoMP transmitting point set size (and i.e. the CoMP measurement size) for SU-MIMO JT CoMP is not attractive approach due to linear consumption of the radio resources vs. logarithmic UE throughput increase.
Observation #1: The maximum size of CoMP measurement set for DPS and SU-MIMO JT CoMP can be limited to 2, i.e. up to two CSI-RS resources should be used for CSI reporting.

The requirement on CoMP measurement set size may different for CSCB CoMP scheme, since the performance advantage for this scheme is coming from interference avoidance by beamforming nulling and scheduling coordination on several interference links. In this case the maximum size of CoMP measurement set should be primary determined by the number of strongest interfering points, which is indeed a deployment dependent.
Table 1 shows the ratio of CoMP UEs in each CoMP evaluation scenarios. The number of CoMP cells of each UE is determined based on RSRP difference between serving cell and neighboring cells within the CoMP cluster. The RSRP threshold is assumed 10 dB.
Table 1: CoMP UE statistics
	CoMP scenario
	UEs with 4 cells CoMP
	UEs with 3 cells CoMP
	UEs with 2 cells CoMP

	Scenario 1, 3 cells
	N/A
	3.9%
	20.1%

	Scenario 2, 9 cells
	0.0%
	9.1%
	25.6%

	Scenario 3, 5 cells

 (Config. 1)
	0.0%
	6.3%
	26.9%

	Scenario 3,4, 5 cells (Config. 4b)
	0.0%
	5.9%
	28.2%


It can be seen that that at least for CoMP Scenario 3 there is not negligible fraction of the UEs having 3 cooperating cells.
In order to demonstrate the corresponding performance dependency from the size of CoMP measurement set a system level performance analysis of CSCB CoMP scheme was carried out in CoMP scenario 3, 4. The results are provided in Table 2 for simulation assumptions summarized in the Appendix of this document. It can be seen that the size of CoMP measurement set equal 3 provides the best trade-off between CoMP performance benefits and UE complexity.

Table 2: CSCB CoMP performance
	
	Average cell SE
(bpsHz)
	Cell edge user throughput (kbps)

	CoMP measurement size 1
	2.227 (0%)
	0.085 (0%)

	CoMP measurement size 2
	2.380 (+6.9%)
	0.093 (+9.4%)

	CoMP measurement size 3
	2.389 (+7.3%)
	0.099 (+16.5%)

	CoMP measurement size 4
	2.395 (+7.5%)
	0.100 (+17.6%)


Observation #2: The maximum size of CoMP measurement set for CSCB CoMP should be limited to 3, i.e. up to three CSI-RS resources should be used for CSI reporting.

For MU-MIMO JT the requirement can be considered similar to that of CSCB CoMP scheme. However assuming that CoMP Scenario 1 (3 cells CoMP cluster) is the main usage scenario, the maximum size of 2 CSI-RS resources for CoMP measurement set might be a reasonable assumption (see Table 1). However assuming that additional CSI-RS resource may also be needed to provide inter-point phase information (as described in [2]) the maximum size of CoMP measurement set should be increased from 2 to 3. 
Observation #3: The maximum size of CoMP measurement set for MU-MIMO JT CoMP can be limited to 3 (2 CSI-RS resources for per point + 1 CSI-RS resource for inter-point CSI feedback), i.e. up to three CSI-RS resources should be used for CSI reporting.

Assuming that all CoMP schemes should be equally supported by specification as described in conclusion of CoMP TR 36.819 the following proposal can be made:
Proposal #1: The maximum size of CoMP measurement set is 3 CSI-RS resources.
3. Relation of CoMP reporting and measurement sets
CSI-RS configuration may potentially include a larger set of CSI-RS resources that is used for CSI feedback. In this case the actual CSI-RS resources that will be used for CSI feedback should be down selected from the configured set in order to reduce CSI reporting overhead and UE processing complexity. Such down selection can be performed either at the UE or eNB sides. The UE based approach allows selection of the CSI-RS resources using instantaneous channel conditions, which might be useful for HetNet scenario with UE mobility. However the CSI-RS resource selection at the UE side doesn’t account eNB loading information, which is important parameter for some of the CoMP schemes (e.g. DPS and CS/CB). For example, in case of CSCB CoMP, CSI feedback for points may be useless unless coordinating points are active, i.e. transmitting PDSCH. Setting UE to measure CSI-RS, derive feedback and select the best CSI-RS resources to transmit feedback in this case leads to unnecessary UE complexity, power consumption and possible wasting of uplink resources if such information is not needed at the eNB side. In contrary for eNB based approach the loading information is available and can be utilized in the CSI-RS resource selection for CSI feedback; however for proper handling mobility and dynamicity of the traffic special downlink control signaling (e.g. MAC CE instead of RRC) should be considered.

Proposal #2: CSI-RS configuration should include larger set of CSI-RS resources, but CSI feedback should be provided for CSI-RS measurement set, which is determined only by the network and signaled to the UE via higher layers (e.g. using MAC CE).

Conclusions

In this contribution we have discussed the size of CoMP measurement set. We have observed that the size of CoMP measurement set depends on the CoMP scheme. It has been found in simulation that up to 3 CSI-RS resources seems to be reasonable option to (1) ensure high efficiency of all CoMP schemes and (2) minimize impact on UE processing complexity. Additionally it was recommended to configure larger set of CSI-RS resources than CoMP measurement set and indicate (activate) the CSI-RS resources for CSI feedback using higher layer signaling (e.g. using MAC CE), to allow fast activation of CoMP measurement set in dynamic traffic and mobility conditions. The proposals above can be summarized as follows:
Proposal #1: The maximum size of CoMP measurement set is 3 CSI-RS resources.

Proposal #2: CSI-RS configuration should include larger set of CSI-RS resources, but CSI feedback should be provided for CSI-RS measurement set, which is determined by the network and signaled to UE via higher layers (e.g. using MAC CE).
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Appendix
	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	(2, 4)

	Maximum number of  feedback set
Tx node selection RSRP threshold

Tx Point selection RSRP node/RSRP interference 
	(3, 10dB, -3dB) 

	Antenna configuration 
	eNB: co-polarized antennas

UE: co-polarized antennas 

	Transmission scheme
	MU-MIMO

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	1 for MU-MIMO

	Maximum number of UEs in MU-MIMO per node
	2 

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586) 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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