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1. Introduction

In RAN1#66 meeting CoMP SI has been finished and standardization impact for CoMP schemes was captured in the CoMP TR [1]. One of the possible CoMP enhancements mentioned in the text is a new CQI definition which should take into account coordinated multi-point operation. In this contribution we discuss CoMP CQI candidates and identify standardization impact for each CoMP CQI option.
2. Discussion CQI for CoMP systems
CQI information is important part of CoMP CSI feedback which relies on channel and interference plus noise measurements at the UE. In the conventional non CoMP system the channel part is measured from CSI-RS resource, while interference is estimated on resource elements occupied by CRS. For CoMP systems the channel part estimation for CQI can be straightforwardly extended to multiple points, by considering the channel measurements on each configured CSI-RS resource of the CoMP measurement set. However the assumption on interference part in CoMP CQI can be different than in non CoMP systems. More specifically in CoMP TR [1] document the following alternatives for CoMP CQI definition are defined:

· CQI only accounting for interference outside the CoMP measurement sets or relative received power between CoMP transmission points
· CQI that accounts for post-CoMP channel quality under a certain CoMP scheme assumption (e.g., interfering cell/point precoding or muting)

The first definition implies a common interference assumption, while the second assumes different interference hypothesis for each CSI-RS resource of CoMP measurement set. As captured in RAN1#67 meeting conclusions [2], conventional CRS based interference measurements alone are not suitable for Release 11. Indeed, it is not enough to support the above CQI definitions neither. It was therefore proposed consider configurable resources (e.g. zero-power CSI-RS) for interference measurements. Configurability of the resources potentially allows achieving any interference hypothesis for CQI calculation at the UE side and thus supporting both CQI options [3]. However the standardization impact for two CQI definitions may be different. While the first option assumes only single interference measurement configuration for multiple CSI-RS resources of CoMP measurement set, the second option may need per CSI-RS-resource configuration.

In [4], various alternatives for CoMP CQI definitions were analyzed under assumption that per-CSI-RS resource feedback is used. Based on observations (also provided in the appendix of this document) a common interference assumption in the first CQI definition seems to be enough to support CS/CB and JP CoMP schemes. However for DPS scheme each CSI-RS resource should be complemented with resource elements for interference measurements to reflect multiple interference hypotheses. Further considering operation of eICIC in Release-11 scenarios (e.g. CoMP scenario 4), each CSI-RS resource may be associated with multiple resources for interference measurements to reflect coordinated subframe blanking across multiple CoMP clusters. 
Proposal #1: At least one configuration of the resource elements for interference measurements should be signaled to the UE for each CSI-RS resource to enable CoMP CQI calculation. For eICIC + CoMP more than one configuration of the resource elements might be needed to reflect interference due to coordination across CoMP clusters. 
Another aspect of CQI (and more generally CSI) calculation is the assumption on the receive processing at the UE. In the conventional non CoMP systems receive processing is usually optimized to report the best CSI values for the particular CSI-RS resource. For CoMP systems the straightforward extension could be independent optimization of the receive processing for each CSI-RS resources of CoMP measurement set. However certain CoMP schemes assumes joint calculation of CSI feedback, where the assumption of independent receive processing for each CSI-RS resource may not be valid. More specifically for JT CoMP scheme where the data transmission is performed simultaneously from multiple points the same receive processing for per-CSI-RS resource CQI (and more generally CSI) calculation is more preferable. 
Proposal #2: The option of per-CSI-RS resource feedback calculation under assumption of the same receive processing at the UE across CSI-RS resources of CoMP measurement set should be specified. 

Since the requirement on common CSI feedback calculation may vary for different CoMP schemes and UE is expected to be unaware of CoMP scheme, such option should be configurable via higher layers.
While configurability of the resource elements for interference measurement offers some flexibility, the potential number of interference hypothesis in the network may be rather high due to UE-specific configuration of CoMP measurement set. As noted in [5] the overhead from interference measurement resources may grow exponentially with number of cooperating points in CoMP cluster, which may significantly offset the CoMP gains. To minimize the negative impact from the overhead a limited configurations of interference measurements resources will be used in practice. This implies that depending on CoMP measurement set of the UE and available interference measurement resources in the network the interference measurement results may be mismatched with the desired interference value. In this case some CQI adjustment at the eNB may be required. One approach to correct the potential mismatch is to use CoMP RRM measurements reports from the UE to calculate the CQI compensation factor.
Proposal #3: CoMP RRM measurements reports for CQI adjustments at the eNB should be considered.

3. Conclusions

In this contribution, possible CQI definitions are discussed and analyzed. Regarding CoMP CQI calculation we propose the following:
Proposal #1: At least one configuration of the resource elements for interference measurements should be signaled to the UE for each CSI-RS resource to enable CoMP CQI calculation. For eICIC + CoMP more than one configuration of the resource elements might be needed to reflect interference due to coordination across CoMP clusters. 

Proposal #2: The option of per-CSI-RS resource feedback calculation under assumption of the same receive processing at the UE across CSI-RS resources of CoMP measurement set should be specified. 

Proposal #3: CoMP RRM measurements for CQI adjustments at the eNB should be considered.
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Appendix
Mathematically the CQI for CoMP can be defined as following:
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 for the layer (user) i of the serving node j  for CS/CB and JT CoMP schemes the following equations can be used
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 is the actual beam forming for layer i of the node n and 
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For evaluation of CoMP CQI, HetNet CoMP Scenario 3, 4 with full buffer traffic model was used. The results of CQI evaluations are provided in Table 1.

Table 1: CSCB and JT performance evaluation
	Scenario
	UE Dropping
	Average SE
	Cell Edge SE

	SU/MU-MIMO
	Uniform
	2.06 (0%)
	0.048 (0%)

	SU/MU-CSCB 05
	Uniform
	2.09 (1.3%)
	0.048 (0.0%)

	SU/MU-CSCB 15
	Uniform
	2.12 (3.2%)
	0.055 (14.3%)

	SU/MU-MIMO
	Uniform
	2.06 (0.0%)
	0.048 (0.0%)

	SU/MU-JT 05
	Uniform
	2.15 (4.4%)
	0.053 (10.0%)

	SU/MU-JT 15
	Uniform
	2.14 (4.0%)
	0.060 (26.0%)

	SU/MU-MIMO
	Clustered
	2.33 (0.0%)
	0.082 (0.0%)

	SU/MU-JT 05
	Clustered
	2.51 (7.9%)
	0.102 (24.7%)

	SU/MU-JT 15
	Clustered
	2.52 (8.1%)
	0.112 (37.0%)

	SU/MU-MIMO
	Clustered
	2.33 (0%)
	0.082 (0%)

	SU/MU-CSCB 05
	Clustered
	2.34 (0.7%)
	0.088 (7.3%)

	SU/MU-CSCB 15
	Clustered
	2.37 (1.9%)
	0.097 (19.2%)


	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
	SU-MIMO, 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

2 for SU-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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