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1 Introduction
In order to support efficient CoMP operations, UEs in Release 11 should be able to measure CSI-RS transmissions from multiple transmission points (TP). In terms of specification support, UEs should be signalled with multiple CSI-RS configurations in an UE specific manner and in turn they should be able to measure/feedback the channel conditions based on these multiple CSI-RS configurations. Accordingly, in 3GPP RAN1 #66bis meeting, working assumption that allows multiple non-zero-power CSI-RS resources to be configured to a Release 11 UE by dedicated signalling at least for CSI feedback was agreed [1]. In this contribution, Samsung’s view on the maximum number of non-zero-power CSI-RS resources to be measured for CSI feedback for each UE is presented.

2 Size of CoMP Measurement Set
Supporting multiple CSI-RS configurations per UE would require the definition of a CoMP measurement set which would essentially be a set of CSI-RS configurations for which feedback needs to be measured. Such CoMP measurement set would be determined by the eNB and conveyed to the UE using RRC signalling. It is worth to note that such CoMP measurement set would be different from (and might be a subset of) the set of CSI-RS configurations allocated to a UE for the report of received power measurement of CSI-RS ports which discussed in RAN1 #67 [2].
One of the important issues to be determined in relation to the CoMP measurement set is its size. More specifically, the maximum size of the CoMP measurement set would need to be carefully studied and reflected in the specification. Note that the maximum size of the CoMP measurement set has both performance issues as well as implementation issues. If the maximum size of the CoMP measurement set in the specification is too small, CoMP performance might not but fully realizable. On the other hand, if the maximum size of the CoMP measurement set in the specification is too large, it could result in a large UE complexity burden.
In the following subsections, results obtained from system level simulation as well as results obtained from actual LTE deployment in Seoul are presented.

2.1 Simulation Results
In order to determine an adequate maximum size for the CoMP measurement set, statistics were obtained from the agreed upon system level simulation methodology. The percentage of UEs for the size of the CoMP measurement set indicated by eNB in homogeneous and heterogeneous networks is shown in Figures 1 and 2, respectively. In the simulation, the evaluation methodology described in [3] was used and it was assumed that each CSI-RS configuration corresponds to an individual TP. The CoMP measurement set is determined with 3, 6, or 9 dB CoMP threshold. For example, if the CoMP threshold is set as X dB, any TP within X dB of the strongest TP is included in the CoMP measurement set. For the heterogeneous case, 4 RRHs or 10 RRHs are deployed and uniform UE dropping (configuration 1 in TR 36.814) is assumed in Figure 2. Results for clustered UE dropping (configuration 4b in TR 36.814) are listed in Appendix for additional information. 
In the case of homogeneous networks, it is observed that 19%, 36%, and 49% of UEs have more than or equal to two TPs in CoMP measurement sets for 3dB, 6dB, and 9dB threshold, respectively. And more than 20% of UEs have more than or equal to three TPs in CoMP measurement sets for 9 dB threshold case. Furthermore, for the case of 10 RRHs in heterogeneous network, it is observed that 37% of UEs have more than or equal to three TPs in their CoMP measurement sets.
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(a) CoMP threshold = 3dB          (b) CoMP threshold = 6dB          (c) CoMP threshold = 9dB

Figure 1. Percentage of UEs with CoMP measurement set size of N (Homogeneous deployment).
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(a) CoMP threshold = 3dB, 4RRHs   (b) CoMP threshold = 6dB, 4RRHs   (c) CoMP threshold = 9dB, 4RRHs
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(d) CoMP threshold = 3dB, 10RRHs  (e) CoMP threshold = 6dB, 10RRHs  (f) CoMP threshold = 9dB, 10RRHs
Figure 2. Percentage of UEs with CoMP measurement set of size N (HetNet, uniform UE locations).
Observation 1:
· Larger CoMP threshold results in a larger CoMP measurement set size.
· Heterogeneous networks have a larger CoMP measurement set size than homogeneous networks.
· In heterogeneous networks, deploying more RRHs results in a larger CoMP measurement set size.
· For 9 dB CoMP threshold and 10 RRHs, 37% of UEs have more than or equal to 3 TPs in a CoMP measurement set.
2.2 Results from Real Deployment in Seoul Metropolitan Area
Evaluation results in Figure 1 and Figure 2 are based on the RAN1 evaluation parameters (channel models, antenna patterns/tilts, RRH distribution). As a result, concerns might be raised on whether the evaluation results fully reflect the actual situation in real deployment situations. To address such concerns, statistics for the size of the CoMP measurement set were taken based on actual RSRP reporting of UEs served by eNBs deployed in Seoul metropolitan area. The results are shown in Table 1. Note that the results from the real deployment in Seoul shows a similar trend of CoMP measurement set size to that of the system level simulation in Figure 1 and 2. In Table 1, 6.4%, 21.1%, and 38% of UEs have more than or equal to three TPs in CoMP measurement sets for 3dB, 6dB, and 9dB threshold, respectively.
Table 1: Percentage of UEs with CoMP measurement set of size N (Real deployment in Seoul metropolitan area).

	CoMP threshold
	N=1
	N=2
	N=3
	N=4
	N>4

	3 dB
	70.3%
	23.2%
	5.2%
	1.0%
	0.2%

	6 dB
	48.6%
	30.4%
	13.6%
	5.0%
	2.5%

	9 dB
	33.6%
	28.4%
	20.0%
	9.8%
	8.2%


Observation 2:

· The result on CoMP measurement set size obtained from real deployment shows a similar trend of as that of system-level simulation results.
· For 9 dB CoMP threshold, 38% of UEs in the real deployment case have more than or equal to 3 TPs in a CoMP measurement set.
In the above results, only individual TPs which satisfied the CoMP measurement set criterion (i.e. TPs satisfying CoMP threshold) were accounted for. However, in the implementation of CoMP, additional elements could be included in the CoMP measurement set to improve CoMP performance or to provide the network with additional channel information. For example, in CoMP scenario 4, the network may implement coherent JT in a UE transparent manner by aggregating multiple TPs under a single CSI-RS resource. By aggregating multiple TPs under a single CSI-RS resource, the network would be able to realize coherent JT without the UE having knowledge of the aggregation. However, such an approach would require an additional element in the CoMP measurement set. 
Observation 3:

· In addition to the CSI-RS configurations of Figure 1 and 2, additional CSI-RS configurations needs to be added in the CoMP measurement set to realize transparent JT.
Based on the evaluation results and the above discussion, our preference for the maximum size of the CoMP measurement set is 4. With a maximum size of 4, it is expected that CoMP performance can be sufficiently realized while leaving some room for consideration of additional features such as transparent JT and new deployment scenarios. In terms of implementation, a maximum size of 4 would not impose too large a burden on UE complexity.
Proposal: Support CoMP measurement set having the maximum size of 4.
3 Conclusion
This contribution summarizes Samsung’s view on the size of CoMP measurement set for downlink CoMP in Release 11. Following observations were made in relation to the size of CoMP measurement set:

Observation 1 (from system simulation):

· Larger CoMP threshold results in a larger CoMP measurement set size.
· Heterogeneous networks have a larger CoMP measurement set size than homogeneous networks.
· In heterogeneous networks, deploying more RRHs results in a larger CoMP measurement set size.
· For 9 dB CoMP threshold and 10 RRHs, 37% of UEs have more than or equal to 3 TPs in a CoMP measurement set.
Observation 2 (from actual deployment in Seoul):

· The result on CoMP measurement set size obtained from real deployment shows a similar trend of as that of system-level simulation results.
· For 9 dB CoMP threshold, 38% of UEs in the real deployment case have more than or equal to 3 TPs in a CoMP measurement set.
Observation 3:

· In addition to the CSI-RS configurations of Figure 1 and 2, additional CSI-RS configurations  needs to be added in the CoMP measurement set to realize transparent JT.
Based on the above observations, we propose the following:
Proposal: Support CoMP measurement set having the maximum size of 4.
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(a) CoMP threshold = 3dB, 4RRHs   (b) CoMP threshold = 6dB, 4RRHs  (c) CoMP threshold = 9dB, 4RRHs
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(d) CoMP threshold = 3dB, 10RRHs   (e) CoMP threshold = 6dB, 10RRHs   (f) CoMP threshold = 9dB, 10RRHs
Figure 3. Percentage of UEs with CoMP measurement set of size N (HetNet, clustered UE locations).








































































