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1. Introduction

The CoMP measurement set size of 3 nonzero power CSI-RS resources has been agreed at RAN1#69 meeting [1]. Since the larger number CSI-RS resource typically implies increased CSI overhead and CSI computational complexity, some methods to constrain CoMP CSI feedback should be considered. In this contribution we discuss potential options that could limit the UE processing requirements needed to compute CoMP CSI feedback.

2. Limiting the number of CSI reports
One drawback of CoMP measurement set size with 3 nonzero power CSI-RS resources and without CSI feedback constrains is large number of CSI reports needed to cover all possible transmission cases within a CoMP measurement set. In particular 12 CSI reports would be needed to cover 12 transmission cases within CoMP measurement set size 3. Fortunately as noted in [2] most of the practical CoMP schemes will support coordination with 2 points, which essentially require CSI feedback optimizations for 2 nonzero power CSI-RS resources [2]. If 2 transmission points is considered, in total CSI feedback for 4 different transmission cases as listed in Table 1 would need to be supported. Such 4 transmission assumptions within CoMP measurement set should fully cover CoMP CSI feedback requirements in case of 2 transmission points.
Table 1: Intra-CoMP measurement set transmission cases for CoMP CSI feedback in case of 2 TPs
	Tx assumption
	TP1
	TP2

	1
	Serving
	Interfering

	2
	Serving
	Blanking

	3
	Blanking
	Serving

	4
	Interfering
	Serving


Limiting the number of transmission points to optimize CSI feedback may also be used to constraint the maximum number of interference hypotheses (number of interference measurement resources) UE should use for CSI feedback calculation. For the considered in Table 1 example, the number of interference hypotheses is equal to 3, corresponding to interference from TP1, interference from TP2 and no interference from TP1 and TP2.

Indeed CSI feedback support of 3 transmission points with 4 CSI reports and 3 interference hypotheses will be sub-optimal. One possible example of CSI reports assignments to the transmission assumptions in CoMP measurement set is provided in Table 2, with CSI reports 1-3 calculated for each CSI-RS resource with interference outside of CoMP measurements set and CSI reports 4 calculated for CSI-RS resource of serving point with full intra-CoMP measurement set interference. The CSI report 4 in this case corresponds to non CoMP operation which may be used as a fallback mode. CSI reports corresponding to the remaining transmission hypothesis may be approximated at the eNB.
Table 2: Intra-CoMP measurement set transmission cases for CoMP CSI feedback in case of 3 TPs
	Tx assumption
	TP1
	TP2
	TP3

	1
	Serving
	Blanking
	Blanking

	2
	Blanking
	Serving
	Blanking

	3
	Blanking
	Blanking
	Serving

	4
	Serving
	Interfering
	Interfering


Proposal: 
· To limit CSI processing requirements at the UE, CoMP CSI feedback should be optimized for 2 transmission points.

· The maximum number of CSI reports should be limited to 4.
· The maximum number of interference hypothesis (number of IMRs) should be limited to 3.

3. Common RI for multiple CSI reports
The efficiency of transmission can be improved by selecting a transmission rank that matches to the current channel conditions. Calculation of rank indicator (RI) report is one of the computational consuming procedures in CSI feedback, which typically involves calculation of CQIs for each PMIs indicated by codebookSubsetRestriction parameter and picking the transmission rank that optimizes the performance. Such calculations are often computationally extensive and it is therefore beneficial if the transmission rank can be reused from of one of CSI-RS report to another. If the RI will be reused from one of CSI reports, the computational complexity of CSI feedback calculation could be substantially reduced. 
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Figure 1: Reusing RI reports to reduce the number of evaluated PMIs
Reusing RI from one of CSI reports doesn’t provide any performance loss for some CoMP schemes, like JT CoMP scheme, where the transmission rank should be common across the transmission points. However in general case the option of independent RI calculation should be also considered. For example, independent RI reports is essential for DPS/DPB CoMP scheme, where different channel propagation, antenna configurations and resource blanking assumptions on the transmission points could lead to some difference in the optimal transmission ranks (e.g. higher SINR values due to blanking results to higher RI report). In this case reusing RI from one CSI reports could deteriorate the DPS/DPB CoMP performance as illustrated in Table 3.
Table 3: Performance analysis of DPS/DPB scheme for different RI feedback assumptions

	CoMP scheme
	Average per point SE (bps/Hz)
	Cell Edge Thr. (kbps)

	Non CoMP
	1.73 (0.0%)
	312 (0.0%)

	DPS with common rank
	1.79 (+3.5%)
	369 (+18.2%)

	DPS with independent ranks
	1.80 (+4.0%)
	391 (+25.3%)


It is expected that the performance difference between DPS/DPB CoMP scheme with common and independent transmission ranks will further increase, when asymmetric antenna configurations at the high and low power nodes (e.g. 2 at macro and 1 at pico eNBs) is considered.

Observation: 
· Reusing RI from one of CSI reports may be used to reduce CSI computational complexity. However the negative impact on the CoMP performance is expected. 
4. Relaxing requirements for CSI feedback calculation
Constraining the maximum number of CSI reports and reusing RI reports could minimize the number of calculations needed to obtain CoMP CSI feedback and therefore reduce complexity at the UE. Another approach to limit the UE processing requirements is to allow more time for the UE to process measurements, e.g. by constraining configurations of CSI-RS and IM resources. In particular by scheduling transmissions of CSI-RS and IM resources on non overlapping subframes could minimize CSI-RS and interference measurements processing requirements within a subframe. Otherwise, it should be assumed (e.g. in RAN4 CSI performance requirements) that UE may not perform processing for some overlapping CSI-RS and IM resources.
Proposal: 
· To limit CSI processing requirements at the UE, CSI-RS and IM resources configurations should be constrained, by avoiding their transmission on the same subframes. Otherwise, it should be assumed (e.g. in RAN4 CSI performance requirements) that UE may not perform processing for some of overlapping CSI-RS and IM resources.
In Rel-11 the channel and interference measurement (IM) resources are transmitted with some periodicity, which implies additional CSI feedback latency comparing to Rel-8, where the reference signals for channel and interference measurements are present in every subframe. The additional CSI feedback latency due to periodical of measurement resources transmissions could be leveraged to allow more time for the UE to compute CoMP CSI feedback, i.e. RAN4 CSI performance requirements could be defined in such way to allow UE implementations with less frequent CSI updates (e.g. every 5ms). 
Proposal: 
· The CSI processing requirements can be reduced by relaxing RAN4 CSI measurement performance requirements to allow UE implementations with less frequent CSI updates (e.g. every 5ms).
5. Summary and conclusions
In this contribution we have discussed the remaining issues of CoMP measurement set size. In particular different approaches to minimize CSI processing requirements at the UE were considered. Based on the discussions the following proposals and observations were made:
· To limit CSI processing requirements at the UE, CoMP CSI feedback should be optimized for 2 transmission points.

· The maximum number of CSI reports should be limited to 4.

· The maximum number of interference assumptions (number of IMRs) should be limited to 3.

· Reusing RI from one of CSI reports may be used to reduce CSI computational complexity. However the negative impact on the CoMP performance is expected. 
· To limit CSI processing requirements at the UE, CSI-RS and IM resources configurations should be constrained, by avoiding their transmission on the same subframes. Otherwise, it should be assumed (e.g. in RAN4 CSI performance requirements) that UE may not perform any processing for some of overlapping CSI-RS and IM resources.
· The CSI processing requirements can be reduced by relaxing RAN4 CSI measurement performance requirements to allow UE implementations with less frequent CSI updates (e.g. every 5ms).
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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, 2)

	Maximum number of  feedback set
Tx node selection RSRP threshold

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

	Antenna configuration 
	eNB: 2 cross-polarized antennas

UE: 2 cross-polarized antennas 

	Transmission scheme
	SU-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 
	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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