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1. Introduction

In RAN1#66bis meeting a CoMP WI has been started and the following working assumption for of DL CoMP CSI feedback design principles has been made [1]:

“Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above. ”

Following the agreement above we provide our proposal on CSI feedback principles that allow supporting all DL CoMP scheme within a common framework.

2. Discussion on CoMP CSI feedback
Per-CSI-RS-resource feedback is a promising feedback scheme which assumes that multiple CSI feedback reports are calculated for each non-zero power CSI-RS-resource configured at the UE. The CSI feedback includes RI, PMI and CQI reports for each CSI-RS-resource and therefore can be potentially used to derive the desired transmission parameters for DPS and CS/CB CoMP schemes [2]. If each CSI-RS resource is separately configured for each transmission point, per-CSI-RS-resource feedback scheme may not be suitable to support JT CoMP scheme due to uncertainty in inter-point CSI information. A straightforward approach to provide such inter-CSI-RS feedback information to the eNB is to configure an additional aggregated CSI-RS-resource for feedback that spans a set of the original CSI-RS resources (see in Figure 1 an example of CSI-RS aggregation for 2 points transmitting 4 ports CSI-RS). 
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Figure 1: Illustration of aggregated CSI feedback via per-CSI-RS-resource feedback and CSI-RS-resource aggregation

Such aggregation of CSI-RS resources relies on the nested structure of CSI-RS patterns and the same scrambling code applied to different antenna ports (e.g. by using the same scrambling code seeds for different cells). Therefore CSI feedback for JT CoMP can be supported by using per-CSI-RS-resource feedback framework which has minimum impact on the UE implementation. However due to Rel-10 constraints on the supported set of antenna ports for CSI feedback (CSI-RS are supported only for 1, 2, 4 and 8 antenna ports) this approach has limitation in aggregating arbitrary set of CSI-RS resources and other alternatives should be considered.
Observation #1: Per-CSI-RS-resource feedback can be used to support DPS and CS/CB CoMP, however support of JT CoMP with per-CSI-RS-resource feedback is suboptimal.
To address the sub-optimality problem of per-CSI-RS-resource feedback for JT CoMP some extensions can be considered. For example, per-CSI-RS-resource feedback can be supplemented by inter-CSI-RS-resource feedback information (e.g. relative phase). Then a desired post-combining CQI for JT CoMP can be derived at the eNB from per-CSI-RS-resource CSI feedback under assumption of coherent transmission. For example for MU-MIMO JT CoMP the following expression can be used [3]
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 is a PMI feedback per-CSI-RS-resource j with incorporated inter-CSI-RS-resource feedback information, 
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 is the actual beam forming vector for layer k and 
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 is per-CSI-RS-resource CQI feedback. The inter-CSI-RS-resource feedback information in the equation above facilitates calculation the received power for the serving channel as well as for interference channels from co-scheduled layers (UEs) in MU-MIMO JT CoMP. For SU-MIMO JT CoMP, where post-combining CQI can be simplified to 
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, the inter-CSI-RS-resource feedback information is affecting the serving channel only and therefore has smaller impact on the performance [4].
To illustrate a potential accuracy of this approach a comparison of the actual post-combining CQI observed at the UE and post-combining CQI derived (predicted) at the eNB from per-CSI-RS-resource CQI feedback is shown in Figure 2a for SU-MIMO JT CoMP (for illustration purpose post processing SINR for all resource elements of the sub-band is shown). It can be seen that the actual post-combining CQI seen at the UE is well approximated by the post-combining CQI derived at the eNB when inter-CSI-RS-resource feedback (relative phase) is provided by the UE. Additionally the statistics of equivalent channel is improved due to in-phase combining of the component channels. A similar post-combining channel without inter-CSI-RS-resource feedback information is shown in Figure 2b. It can be seen that the actual post-combining CQI at the UE is mismatched with post-combining CQI derived at the eNB, because the assumption of coherent combining of the component channels (used by eNB) is not valid anymore for all sub bands. Hence when inter-CSI-RS-resource feedback information is not available the post-combining CQI information aggregated across multiple CSI-RS-resources should be reported to the eNB in addition to per-CSI-RS-resource feedback. The per-CSI-RS-resource 
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 in this case should be re-scaled at the eNB as follows 
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(a) With inter-CSI-RS-resource feedback

(b) Without inter-CSI-RS-resource feedback
Figure 2. Post-combining CQI calculation at the eNB and UE with and without inter-CSI-RS-resource information
Observation#2: To support JT CoMP scheme at least one additional CSI feedback should be specified – inter-CSI-RS-resource feedback (relative phase) or aggregated CSI feedback (aggregated CQI)
To provide some insights on the performance benefit of specifying one of the CSI feedback extensions for JT CoMP a system level simulations were carried out for Scenario 3/4 and MU-MIMO transmission mode. Three cases were evaluated: (1) non CoMP, (2) CoMP with per-CSI-RS-resource feedback and inter-CSI-RS-resource feedback, (3) CoMP with per-CSI-RS-resource feedback and feedback aggregated across multiple CSI-RS resources. The detailed simulation assumptions are provided in the Appendix. It can be seen from the results presented in Table 1 that JT CoMP with post-combining CQI (CSI feedback aggregated across multiple CSI-RS resources) and JT CoMP with relative phase information (inter-CSI-RS-resource feedback) provide performance benefit over non CoMP schemes and therefore can be recommended for specification. 
Table 1: Performance analysis of MU-MIMO JT COMP for different CSI feedback schemes

	Scenario
	UE Dropping
	Average per point SE
	Cell Edge SE

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

	SU/MU-JT, Aggregated CQI
	Uniform
	2.08 (1.0%)
	0.052 (8.0%)

	SU/MU-JT, Phase 3 bits
	Uniform
	2.28 (10.9%)
	0.062 (30.0%)

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

	SU/MU-JT, Aggregated CQI
	Clustered
	2.40 (2.8%)
	0.092 (12.3%)

	SU/MU-JT, Phase 3 bits
	Clustered
	2.61 (12.0%)
	0.115 (40.7%)


Although MU-MIMO JT CoMP with relative phase information (inter-CSI-RS-resource feedback) shows the best performance (due to more accurate calculation of post-combining CQI at the eNB), the aggregated CQI may provide additional robustness to higher rank link adaptation decisions made at the eNB. Therefore it is preferable to support both of them by specification.
Per cell Rel-8 CRS-based feedback relies on CRS based measurements for CSI feedback. The motivation of using CRS based schemes for DL CoMP is overhead reduction due to non use of some reference signals [5]. Based on our estimation the expected average gain due to non use of DM-RS is about 9% (2 ports CRS, 2 ports of DM-RS, L=2) and due to non use of CSI-RS is about 2% (10ms periodicity, reuse-9 CSI-RS + zero power CSI-RS). The main concerns of CRS-based CoMP schemes are feasibility of CSI measurements from CRS in Scenario-4 and accuracy of sub-band based CSI feedback measurements for non-serving cells. 
One approach to address the accuracy problem in Scenario 3 is a restricted CSI measurement on almost blank sub-frames, which are usually configured at the high TX power node for eICIC. However as illustrated in Figure 3 for large number of low TX power nodes the accurate CSI measurements may be problematic due a small reuse factor of CRS leading to full collisions between CRSs. 
For Scenarios 1 and 2 which doesn’t employ sub-frame blanking other mechanisms to improve accuracy for CRS-based CSI measurements should be considered. For example, PDSCH muting on CRS resources (that are currently considered in the framework of FeICIC or JT CoMP) can be used, but due to additional overhead incurred by muted resources such solution may not attractive.
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Figure 3: Illustration of CRS collision
Observation#3: CRS based CSI feedback for DL CoMP can provide performance benefit (comparing to CSI-RS), but use cases (CoMP scenarios) are expected to be limited.
3. Conclusions
In this contribution CSI feedback for CoMP schemes is discussed. Based on the provided analysis the following recommendations can be made:
Proposal #1: DPS and CS/CB CoMP schemes can be supported by per-CSI-RS-resource feedback.
Proposal #2: To supports JT CoMP schemes additional specification of inter-CSI-RS-resource feedback (e.g. relative phase) and feedback aggregated across multiple CSI-RS resources (e.g. aggregated feedback) is required. 
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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

UE: co-polarized 

	Transmission scheme
	 MU-MIMO JT CoMP

	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
	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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