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1. Introduction 
An email discussion on CoMP feedback channel (PUCCH/PUSCH) was held between RAN1#69 and RAN1#70. A summary on periodic PUCCH feedback is provided in [6]. As a general principle, CSI reports for multiple different combination of an NZP CSI-RS resource with an interference part can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for multiple cells in carrier aggregation. As a baseline, one PUCCH carries on CSI reporting type (Type 1/1a/2/2a/2b/2c/3/4/5/6) corresponding to one NZP CSI-RS resource (i.e. point) and an interference hypothesis. When two or more PUCCH reports collide in the time domain, one CSI is reported while all other CSIs are dropped. One remaining issue is the support of CSI multiplexing/compression on PUCCH in the event of collision. In this contribution we provide our views on these issues, striving to have a unified, robust and future-proof solution.
2. Discussion
In general, PUSCH should be the focus of CoMP feedback due to the higher payload. PUCCH has limited capacity and its optimization for CoMP feedback should not be a focus. Efforts should be spent on the timely finish of Rel.11 specification instead.
First it is noteworthy that CoMP is for low-mobility UEs with slow CSI variation. Collision handling is mostly an eNB implementation issue by configuring the reporting offsets and/or a duty cycle. Furthermore, wideband CSI on PUCCH is tightly related to long-terms channel characteristics (e.g. average geometry, angle of arrival/departure) which vary slowly for a CoMP UE. It is therefore less sensitive to the reporting cycle than frequency-selective CSI on PUSCH.
PUCCH is a narrow pipeline that only supports a small payload. Coverage requirement for PUCCH is stringent which consistently has been a design criterion since Rel.8. In certain cases, PUCCH payload limitation can be further exacerbated by increased ACK/NAK overhead, particularly in TDD, and by the fact that PUCCH can only be transmitted from one uplink carrier. It is unclear if a cell-edge CoMP UE with poor link quality is able to meaningfully exploit the multiplexing gain without compromising the coverage.
The need of multiplexing/compression for CoMP is unclear at this moment without careful evaluation of the system performance benefits. Even if Format-3 multiplexing is agreed for CA, it is questionable if it should be automatically adopted for CoMP without any proper system-level evaluation. CA is for UE with good channel condition to achieve high data-rate. For cell-edge CoMP UEs with poor link quality, it is unclear if this is robust enough.
The scalability, multiplexing capacity and specification impact of CSI multiplexing on Format 3 are analyzed in [5] and recaptured below:
Observations: 

1) Scalability: while PUCCH Format 3 is sufficient for 2 CSI reports in Rel-11, it is not scalable for future releases where more than 2 periodic CSI reports may need to be transmitted in a subframe. 

2) Multiplexing capacity: the maximum multiplexing capacities per PRB for PUCCH Formats 2/3 are 12 and 5 respectively. For low delay spread channels, this represents more than a 100% increase for Format 2 compared to Format 3. To address this limited multiplexing capacity in Rel-10, it was agreed that an ARI is dynamically signalled to select one resource out of a semi-statically configured set of four Format 3 resources. This allows some statistical multiplexing gain, since a number of UEs can be assigned the same semi-statically configured resource set. This gain is not possible for CSI reporting because the UE is semi-statically configured with 1 resource. This may result in a very high PUCCH overhead as more UEs are configured for DL CoMP.
3) Specification Impact: the UE behaviour needs to be clarified, e.g. whether configuration of a Format 3 resource overrides a previously configured Format 2 resource. 

3. Conclusions

In this contribution we discussed PUCCH for CoMP feedback, in particular multiplexing/compression in the event of collision between two or more periodic CSI. Based on the analysis and discussion, our observations and proposals are:
Observation:

· Existing PUCCH-based formats and extensions are not easily scalable for supporting multiple periodic CSI reporting, considering the CoMP measurement set size and number of interference hypotheses to be reported for each point in the measurement set.
· Impact of CSI multiplexing/compression on PUCCH coverage, and CoMP system-level performance, is unclear.
Proposal:

· Confirm the baseline solution of periodic CSI feedback on PUCCH without multiplexing/compression.
· Further study CSI multiplexing/compression for CoMP by taking into account the PUCCH coverage aspect.

References
1. RP-111365, “Coordinated Multi-Point Operation for LTE”, Fukuoka, Japan, 3GPP TSG RAN#53, Sept. 13 – 16, 2011.
2. R1-114258, “CSI feedback for DL CoMP,” Ericsson, ST-Ericsson 

3. R1-114314, “CSI feedback using multiple CSI-RS resources,” Nokia Siemens Networks, Nokia
4. R1-114416, “On the feedback options for multipoint transmission,” Renesas Mobile Europe

5. R1-123186, “Design considerations on multi-cell CSI reporting,” Texas Instruments 

6. R1-123295, “Email discussion [69-10]: details of collision handling and compression/multiplexing in case of 2 or more CSIs being configured in the same reporting instance for CoMP CSI feedback”, Fujitsu

























































































































































































































- 2/2 -

