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1 Introduction

A set of CSI-RS resources can be signaled to a UE for CSI feedback to support DL CoMP operation. This set of CSI-RS resources, defined as the CoMP measurement set, is used by the UE to measure and report channel state information. The CoMP measurement set can be managed by eNodeB based on CSI-RS based received signal quality measurement (e.g. RSRP) and reporting [1]. The maximum size of this set would need to be limited in the specifications in order to ensure reasonable implementation in the UE. In this contribution, a maximum size of the CoMP measurement set is proposed.
2 Size of CoMP measurement set
It is important to define the maximum size of the CoMP measurement set to ensure practical eNB and UE implementations. More precisely, when we choose the maximum size of the set, i.e. the maximum number of non-zero-power CSI-RS resources in the set, the following three motivations should be considered:
· Criterion 1: to ensure performance gain of CoMP

· The size of CoMP measurement set should be large enough
· For CoMP JT and CS/CB in scenarios 1 and 2: coordination of 3 TPs is necessary (cf Appendix).
· For CoMP DPS/DPB in scenarios 3 and 4: coordination of 3 TPs is necessary (cf Table1).
· Criterion 2: to limit UE processing complexity for CSI measurements
· The size of CoMP measurement set should be small
· The size of the set is not the only factor that contributes to UE implementation complexity. RSRP measurements based on CSI-RS, and interference measurements, which are likely based on CSI-RS resources [2]
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[4], also contribute to UE implementation complexity.
· Considering multiple interference hypotheses may enlarge the number of CSI (RI/PMI/CQI) processes, and CSI measurement results may be different based on different interference hypotheses (e.g., neighbor TP is blanking or not), the size of the CoMP measurement set does not directly impact on UE processing complexity for CSI measurements. To limit UE processing complexity for CSI measurements, eNodeB could limit UE to feedback CSI based on certain hypotheses by high layer signalling, including based on certain transmission hypotheses and interference hypotheses. This means not all possible combinations of CoMP transmission hypothesis and interference hypotheses should be supported simultaneously.
· Criterion 3: to limit CSI feedback overhead
· The size of CoMP measurement set should be small
· The size of the set is not the only or direct factor that contributes to CSI feedback overhead. CSI with different interference hypothesis also increases feedback overhead. The feedback overhead is mostly determined by the number of CSI hypotheses, including transmission hypotheses and interference hypotheses that UE needs to feedback. This means not all CSI based on possible combinations of CoMP transmission hypothesis and interference hypotheses should be reported.
Although there is no direct mapping between the number of CSI-RS resources in the CoMP measurement set and the number of CSI processes assigned to a UE, it is likely that the number of CSI processes would not need to exceed the size of the set by more than 1. The only case where this would happen is for the support of DPS/DPB with separate CSI and interference resources in heterogeneous networks [5].
In Table 1, we list the typical and maximum sizes of the CoMP measurement set for different CoMP schemes in different scenarios. It is assumed that 
· for DPS, the eNB can configure two CSI-RS resource corresponding to two strongest TPs in homogeneous or configure two CSI-RS resource corresponding to two strongest Macro TPs and one CSI-RS resource corresponding to one strongest Pico TP in heterogeneous networks.
· for JT, the eNB can configure one additional CSI-RS resource corresponding to aggregated TPs or implicit inter-CSI-RS resource phase.
Table 1 size of the CoMP measurement set
	Scenarios
CoMP schemes
	1
	2
	3
	4

	DPS + JT (TPs aggregated in one CSI-RS resource)
	2+1*
	2+1*
	2+1*
	2+1*

	DPS + JT (inter-CSI-RS resource phase implied in one CSI-RS resource)
	2+1**
	2+1**
	2+1**
	2+1**

	DPS/DPB (separate CSI and interference resources)
	2
	2
	3
(2Macro+1Pico)
	3
(2Macro+1Pico)

	CS/CB
	2 or 3
	2 or 3
	2 or 3
	2 or 3

	Max size
	3
	3
	3
	3


*2 for DPS, 1 for JT with aggregated feedback

**2 for DPS, 1 for JT with implicit inter-CSI-RS resource phase feedback
Based on this analysis, we conclude that the maximum size does not need to be larger than 3, and it should not be smaller than 3. So the maximum size should be 3, and the size of the number of CSI-RS resources in the CoMP measurement set can be configured to be 0, 1, 2 or 3.
3 Conclusions
In this contribution, the maximum size of the CoMP measurement set is proposed.
Proposal: The maximum size of the CoMP measurement set is 3. 
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Appendix
In this section, we analyse the size of CoMP measurement set in scenarios 1 and 2. In scenarios 3 and 4, JT or CS/CB could be used for macro cell coordination at least, in this case, the size of CoMP measurement set should be even larger than the size in scenarios 1 and 2.
Two criteria for CoMP measurement set management will be used. 

· Criterion 1: strongest point RSRP - neighbour point RSRP < threshold_1

· According to this criterion, points with large RSRP will be selected into CoMP measurement set.

· Points in CoMP measurement set will offer significant signal power for CoMP UE.

· Criterion 2: neighbour point RSRP - total interference point RSRP > threshold_2 

· Where total interference point RSRP is received power of all points excluding strongest point.
· According to this criterion, points which may cause large interference will be selected into CoMP measurement set.

· Interference from points in CoMP measurement set may be cancelled by JT, CS/CB or blanking.

Figure 1 shows the percentage of UEs with different CoMP measurement set size. According to criterion 1, there is only a very low probability that CoMP measurement set size equals three. But according to criterion 2, about 25% of UEs need a CoMP measurement set that includes 3 points. 
Observation: coordination of 3 TPs is necessary in scenarios 1 and 2.
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Figure 1 Percentage of UEs with different CoMP measurement set size
Table 2. System evaluation parameters

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 1: homogeneous network with intra-site CoMP
Scenario 2: homogeneous network with inter-site CoMP
The central entity can coordinate 9 cells

	Simulation case
	3GPP-Case1 with 15 degree angle spread 

	Number of UEs per point
	10

	Duplex mode
	FDD 

	System bandwidth
	10 MHz 

	Number of antennas at transmission point
	2

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB, high power RRH and UE:

1 column, cross-polarized: X

	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

	Placing of UEs
	Uniform distribution for homogeneous networks

	Threshold in criterions
	threshold_1 = 6dB
threshold_2 = -6dB


