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1. Introduction

In RAN1#66bis, the following working assumptions on CoMP CSI feedback were captured in the Chairman’s notes:
Working assumption from RAN1#66bis:

· 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  
It was further agreed in RAN1#67 that 
· CoMP uses at least per-CSIRS-resource feedback. 
Diverging views on additional feedback of inter-point phase combiner and aggregated CSI still exist.
· Inter-point phase combiner (viz inter-CSIRS-resource CSI) includes primarily a co-phasing factor for each CoMP measurement point, aiming to coherently combine the per-point PMI report as a “super-PMI” for coherent JT transmission over the CoMP cluster. Although theoretically appealing, a number of issues have been identified in RAN1#68, including insufficient gain advantage, increased feedback overhead, sensitivity to time/frequency synchronization error, specification efforts and missing details about testing. 
· Aggregated CSI includes two components, i.e. aggregated PMI and aggregated CQI

· Aggregated PMI refers to a single PMI reported over multiple CSI-RS resources. From the specification perspective, Rel.10 specification already supports a standard-transparent aggregated PMI feedback by configuring a single CSI-RS resource over multiple measurements points. On the other hand, standard non-transparent aggregated PMI feedback is limited by the CoMP measurement set size, scheduler restriction, feedback/complexity increase, and may require substantial specification efforts (e.g. new codebooks to match the CoMP measurement set). As such, non-transparent aggregated PMI is considered quite challenging for the timeline of Rel.11.
· Aggregated CQI features additional CQI report(s) derived under multi-point transmission hypothesis. This could be reported in addition to per-CSIRS-resource feedback as to assist accurate CoMP link adaptation and scheduling. 
Aiming to reach a unified design framework for all CoMP schemes in all CoMP scenarios, in this contribution we discuss the details of (1) per-CSIRS-resource feedback and (2) aggregated CQI feedback. 

2. Per-CSIRS-resource CSI
2.1. Legacy CSI definition
It is worthwhile to first review the CSI definition in Rel.8/9/10. Under the hypothesis of single-point SUMIMO, CQI is the quantization of the SNR which the UE is able to observe when the reported PMI is used for a hypothetical PDSCH transmission. The specific UE implementation for calculating the CQI/PMI is vendor-specific and is standard-transparent. Ideally, the reported PMI/CQI should optimize a certain performance metric (e.g. maximum sum throughput) subject to a 10% BLER. This is also used for RAN4 testing where PMI/CQI is tested together. In one example, CQI is derived as
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where W is the PMI,  I is the interference power, N is the noise power, and u is the receiver equalizer. Additionally, the following two observations are noted:
· Legacy CSI report implicitly reflects both channel as well as interference. There is no separate feedback for channel and interference. 
· Legacy CQI does not differentiate the “source” of the interference, i.e., whether it comes from all cells or a subset of cells. As long as the physical resources on which the interference is measured is defined (i.e. CRS in Rel.10), it is expected that the UE simply measures the pre-defined interference measurement resource. 
2.2. Per-CSIRS-Resource CSI
The agreement on per-CSIRS-resource feedback should be considered as a baseline for further CoMP CSI discussion. Several different interpretations on per-CSIRS-resource feedback seem to exist. For instance, 
· As one interpretation, per-point CQI/PMI shall be reported for all configured CSIRS-resource. 
· Alternatively, it could be interpreted that per-point CSI is explicitly reported for a subset of measurement points. 
· For other points without explicit per-point CSI feedback, it is possible that the per-point CSI can be further inferred or estimated from additional CSI reports (e.g. aggregated CQI) when available. 
We believe some clarification on the past agreements should be beneficial. In our view, at least per-point PMI pertaining to Rel.8.9/10 definition should be reported for each configured CSIRS-resource. Such PMI is an indication of the spatial direction for each CoMP measurement point and important for all CoMP transmission schemes (e.g., single-point beamforming in DPS, interference alignment in CB/CS, and coherent/non-coherent beam combining in JT). Hence, we believe per-point PMI should be fed back for each measurement point.
Proposal 1: 
Per-point PMI shall be reported for each configured CSIRS resource. 
Per-point CQI is also needed for all CoMP schemes, e.g. for dynamic point selection, and for interference alignment in CB/CS/JT. However, there are diverging views on whether per-point CQI should be explicitly reported 
Alt-1: Per-point CQI is reported for all configured CSIRS-resource. 
· This provides the maximum scheduling flexibility. With CQI for each point, eNB scheduler is able to dynamically switch between different CoMP transmission schemes and/or dynamically fall-back to single-point transmission, based on the quickly changing radio channel conditions.
· Specification impact is minimal.  
· Overhead/complexity is higher, which grows linearly with the CoMP measurement set size. 
Alt-2: Per-point CQI is reported for one (or a subset of) CSIRS-resources. For instance, a UE-centric feedback for DPS may report CQI for one selected point plus a point selection indicator, while CQI for other points are not reported. 
· Scheduler restriction is expected. For un-reported points, CQI is either unavailable or has to be inferred from other feedback (e.g. aggregated CQI) which may reduce the accuracy of per-point CQI. The performance impact should be further studied. Furthermore, it may not be always possible to inter the per-point CQI with only the serving point CQI and the aggregated CQI, e.g. when the CoMP measurement size is large. 
· UE complexity is lower, although the complexity reduction may depend on the CoMP set size.  
In our view, a comparison of Alt-1 and Alt-2 shall be further considered taking into account various issues including the specification impact, system performance, feedback overhead, and UE complexity. This may need to be jointly considered with aggregated CQI and CoMP measurement size discussion. For instance, assume the CoMP measurement set comprises of N = 2 points, the uplink overhead of CQI in Alt-1 may be similar to that of Alt-2 
Proposal 2: 
Discuss whether per-point CQI should be reported for all or for one (or a subset of) points in the CoMP measurement set. In either case, it is desirable to have accurate per-point CQI for all points in the measurement set, either by explicit reporting or by additional eNB processing of the reported CSI. 
2.3. Interference measurement and need of new per-point CQI definition
The legacy per-point CQI can be denoted as
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where the interference Iall , in theory, is expected to include all signals other than the serving point i. For multi-point measurement, particularly for CoMP JT, it has been suggested that an alternative 
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is beneficial where interference measurement should only account for signal arising out of the CoMP measurement set
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In our view, whether intra-CoMP-measurement-set interference is accounted for in the CQI report can be efficiently supported with the existing muting functionality by blanking the PDSCH transmission on the CSIRS-resource of the CoMP measurement set. It is up to the network to configure the muting pattern to properly management which cell shall be measured as interference. From the UE’s perspective, interference measurement should remain transparent of the “source” of the interference as long as the interference measurement resource is configured appropriately. Therefore, no change is needed in the per-point CQI definition. 
Proposal 3:  
No new per-point CQI definition is introduced in Rel.11.  Reuse the Rel.10 muting function to control the measurement of interference arising within the CoMP measurement set. 

3. Aggregated CQI

Since per-point CQI is derived under single-point transmission hypothesis, it may be less accurate for CoMP-JT transmission if the link adaptation has to rely on eNB prediction based on the per-point CQI feedback. Aggregated CQI, derived under a specific CoMP transmission hypothesis, is expected to improve CoMP link adaptation accuracy. 
System-level simulation is performed to evaluate the performance of aggregated CQI feedback for CoMP joint transmission in Scenario 2. Intra-site 3-cell coordination is considered. Each user performs RSRP measurement for 3 intra-site cells, where a cell whose RSRP is within 
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· If 
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, the UE is always scheduled in single-cell transmission. 
· If 
[image: image8.wmf]1

)

(

>

W

u

, the UE may be scheduled in single-cell transmission in the strong cell, or scheduled in CoMP-JT transmission from the UE-specific transmission set 
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From the results, it appears that incoherent CoMP-JT with aggregated CQI without inter-point co-phasing feedback is able to exploit a large portion of the CoMP-JT gain, at a lower feedback overhead. 
Table I: System Performance of Intra-Site CoMP-JT
	
	Cell-average TP (bps/Hz)
	Gain
	Cell-edge

(bps/Hz)
	gain

	Rel.10 SU-MIMO
	2.09
	0.0%
	0.0629
	0.0%

	SU-MIMO with coherent CoMP-JT, 
with co-phasing feedback
	2.13
	1.5%
	0.0693
	10.2%

	SU-MIMO with incoherent CoMP-JT, aggregated CQI feedback
	2.12
	1.0%
	0.0668
	6.2%


3.1. Feedback of aggregated CQI
Three main criteria should be taken into account in the configuration of aggregated CQI feedback
1. performance/accuracy

2. standardization (specification) impact in RAN1 and other working groups

3. overhead and UE complexity

It’s noted that aggregated CQI mainly targets CoMP-JT link adaptation. From this perspective it can be argued that aggregated CQI may be configurable UE-specifically by higher layer signaling. On the other hand, whether aggregated CQI should be explicitly reported also depends on the decision of per-point CQI feedback as discussed in Section 2.2. There are three possibilities:
· Alt-A: UE reports per-point CQI for all points, plus aggregated CQI

· Alt-B: UE reports per-point CQI for one (or a subset of) points, plus aggregated CQI. 
· Alt-C: UE reports per-point CQI for all points. Aggregated CQI is not reported explicitly but inferred from per-point CQI.
These three alternatives can be analyzed below.
· Alt-A 
· Best scheduling flexibility and link adaptation accuracy.
· Highest feedback overhead, UE complexity and specification efforts. 
· Alt-B 
· This scheme is tailored toward UE-centric DPS and CoMP JT. On the other hand, for CoMP points without explicit per-point CQI feedback, some scheduler restriction is expected (e.g. DPS or CB/CS) unless such un-reported per-point CQI can be accurately inferred from the aggregated CQI and reported per-point CQI. 
· UE feedback overhead and complexity is lower than Alt-A. 

· Alt-C 

· Minimum specification impact, from both RAN1 and RAN4 perspective. 
· Uplink overhead and UE complexity is comparable to that of Alt-B, if the CoMP measurement set size is small.
· Aggregated CQI must be inferred by eNB, by further processing the per-point CQI. 

We feel these alternatives shall be further discussed based on the criterion above. 
Proposal 4: 
The feedback overhead of aggregated CQI should be carefully evaluated, together with per-point CQI feedback. Feedback of multiple aggregated CQI under different CoMP transmission schemes or transmission set hypotheses should be justified by sufficient system performance gain. 

4. Conclusions

In this contribution we provide our views on the details of per-CSIRS-resource feedback, and aggregated CQI feedback. Based on the discussion, our views are summarized below

· Proposal 1: 
Per-point PMI shall be reported for each configured CSIRS resource. 

· Proposal 2: 
Discuss whether per-point CQI should be reported for all or for one (or a subset of) points in the CoMP measurement set. In either case, it is desirable to have accurate per-point CQI for all points in the measurement set, either by explicit reporting or by additional eNB processing of the CSI feedback. 

· Proposal 3:  
No new per-point CQI definition is introduced in Rel.11. Reuse Rel.10 muting function to control the measurement of interference arising within the CoMP measurement set. 

· Proposal 4: 
The feedback overhead of aggregated CQI should be carefully considered. Feedback of multiple aggregated CQI under different CoMP transmission schemes or transmission set hypotheses should be justified by sufficient system performance improvements. 

Appendix: Simulation Assumptions
	Parameter
	Assumptions

	Feedback scheme
	Per-cell implicit RI/CQI/PMI with Rel.10 PUSCH mode 3-1, 

subband 6RB,  4-bit CQI, Rel.10 codebook

	Inter-cell feedback 
	2-bit wideband co-phasing component for each non-anchor-cell

	Aggregated CQI feedback 
	1 aggregated CQI feedback per CoMP-UE corresponding to the UE-specific CoMP transmission set, 4-bit quantization

	CSI Feedback delay
	6 ms

	CSI Reporting periodicity
	5 ms

	Link adaptation
	Non-Ideal

	Scheduler
	Proportional fair in time and frequency

	ACK/NACK based outer loop link adaptation adjustment 
	Yes: target BLER=10%

	Number of cells 
	57

	Deployment model
	Homogeneous deployment with high power RRH

Hexagonal grid, 3 sector sites

	Backhaul 
	Point to point fiber,  zero latency and infinite capacity

	Inter site distance
	500 m

	Average number of users per cell
	10

	Traffic model
	Full buffer

	UE speeds 
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Control OFDM symbols 
	3

	Max number of HARQ retransmissions
	3

	Channel model
	3GPP Case 1 (SCME Urban Macro 15° angular Spread)

	Tx power per transmission point
	46 dBm

	BS antenna configuration
	2Tx cross-polarized, 0.5 λ separation. 

3D pattern with 15° electric downtilt

	UE antenna configuration
	2 RX with 0.5 λ separation, same polarization as BS 

	UE receiver 
	MMSE without inter-cell interference suppression
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