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1. Introduction
It has been agreed in RAN1#66bis that the feedback scheme for CoMP transmission should be composed of one or more of the following:

· 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 

In this contribution, we compare the relative merits of individual feedback per CSI-RS resource and feedback aggregated across multiple CSI-RS resources. We evaluate the following two feedback methods for joint processing.
Individual feedback:
The method consists of feeding back 

1. PMI/CQI for each of the CSI-RS resources
2. 2 bits inter-CSI-RS phase for each CSI-RS resource
Aggregated feedback:
Here the feedback consists of  
1. PMI for each of the CSI-RS resources
2. 2-bit inter-CSI-RS phase  (jointly selected with PMI)
3. Aggregated CoMP CQI and serving cell/strongest CSI-RS CQI (for fallback mode)
4. 2 bits magnitude information (optional)

The individual feedback method is flexible enough to support joint processing (JP), dynamic point selection (DPS) and coordinated beamforming (CB). With this feedback method, the eNB can recalculate the MCS levels for JP/CB based on its scheduling decisions. However, the predicted MCS at the eNB is not accurate enough since the CQIs computed at the UE did not assume CoMP transmission. A natural question is whether or not this leads to considerable performance degradation. For the case of aggregated feedback, the CQI can be computed assuming joint transmission hypothesis. Further, single cell CQI/PMI report corresponding to the CSI-RS resource with the highest CQI can be added to the report for fallback mechanism. 
With regard to feedback overhead, the aggregated feedback is more attractive since CQI for each of the CSI-RS resources is avoided. Instead the additional bits can be used to provide the relative strength of the CSI-RS resources to harness better precoding gain and enhanced spatial separation of the UEs. Further, the aggregated CQI is more amenable to testing as the aggregated CQI represents the SNR at the UE during CoMP transmission. 
2. Aggregate CQI Definition
The recommended JP precoder for the UE takes the form
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where vi , mi, 
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 correspond to the precoder, the relative amplitude, and the relative phase for the ith CSI-RS resource respectively.  The CQI can be computed based on SU or MU hypothesis as given  below:
Consider the case of CoMP transmission from two transmission points. For the case of SU JP, the CQI is calculated based on the hypothesis that there are no-co scheduled UEs during the transmission as given below:
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For the case of multiple co-scheduled UEs which is the typical case, CQI is calculated based on the hypothesis that there are multiple co-scheduled UEs whose directional information is not known. Statistically this is also equivalent to having a single directional interference as shown below:
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were T is the unknown joint precoder. The UE assumes that the component precoders of T can lie isotropically in all directions orthogonal to its respective component precoder.
In the next section, we provide simulation results to highlight the benefits of aggregated CQI. 
3. Simulation Results
The following table provides the network level performance of  the aggregated and individual feedback methods.   Since the CQI feedback of the UE is better matched to the transmission scenario, aggregated feedback shows 7% gain in average throughput and 16% improvement in 5% UE throughput.  Further, we expect that CQI computed based on the hypothesis of multiple coscheduled UEs will improve the performance of aggregated feedback. 
	4x2 XPOL, 0.5 lambda, Joint Processing, Scenario D
	Cell Average
(b/s/Hz)
	Cell Edge
(b/s/Hz)

	Per-resource feedback
	2.7633  (0%)
	0.1141  (0%)

	Aggregated Feedback

(based on SU JP hypothesis)
	2.9534 (7%)
	0.1320 (16%)


Importance of Magnitude Information:

While computing the aggregated CQI at the UE, it is very important to ensure that the individual precoders are scaled in accordance with the corresponding channel strength.
4. Conclusions
Based on the simulation results, we find the aggregated feedback method to be superior to individual feedback. Furthermore, aggregated feedback has lower overhead and is more amenable to testing. However, the per-CSI-RS resource feedback is a unified scheme that can accommodate all CoMP transmission modes albeit with considerable performance loss. 
5. Reference

[1] 3GPP TR 36.819 V1.2.0(2011-09) Coordinated Multi-Point Operation for LTE Physical Layer Aspects 
[2] R1-113891, Common feedback for Coordinated Multi-Point Operation for LTE, Renesas Mobile Europe Ltd.
[3] R1-113292, CSI feedback scheme for JT CoMP, NTT DOCOMO. 
6. Appendix
Simulation Assumptions
	Parameter
	Assumption

	Antenna Configuration
	4 Tx eNB 0. 5  lambda XPOL per transmission point

2 Rx at UE 0.5 lambda  XPOL

	Deployment Model 
	Scenario D

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	UE Feedback
	Implicit 

	Feedback Granularity
	Subband CQI/PMI  1 Subband=5RBs

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	DM-RS
	Ideal

	CSI-RS 
	Ideal 

	Scheduler Type
	Proportional fair

	Precoder
	Zeroforcing

	Scheduling
	Based on maximum sum rate

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	6 strongest interfering cells are explicitly modelled.
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