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1. Introduction 
The following working assumptions on CSI feedback for CoMP were captured in RAN1#66bis. 

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   
Discussion on CoMP CSI feedback has thereafter focused on the CSI feedback content, where important agreements are summarized below
· CoMP feedback uses at least per-CSI-RS-resource feedback

· Inter-CSIRS-resource phase indicator feedback is not supported in Rel-11. 

Despite the progress on CSI feedback content, the CSI feedback channel is still open. In this contribution we provide our views on the feedback channel design with an aim to have an efficient and reliable feedback framework for different CoMP schemes. More specifically, we strive to design a unified PUCCH/PUSCH feedback channel that can not only efficiently support the already agreed per-CSI-RS-resource feedback, but can also be extended to support other CSI contents (e.g. aggregated CQI) if adopted. 
2. Discussion
Based on the past agreement, CoMP feedback uses at least per-CSIRS-resource feedback corresponding to each point in the configured CoMP measurement set. Such a feedback structure is quite similar to carrier aggregation where per-cell CSI can be reported for each configured downlink cell. It is desirable if the existing Rel.10 mechanism for downlink CA can be re-used for DL CoMP, to reduce the specification work as well as the implementation efforts. 
Proposal 1: Consider re-using the feedback channel mechanism for Rel.10 DL CA when possible.

2.1.1. PUCCH

In legacy LTE systems, one PUCCH reports CSI for one cell and one transmission point. Multiplexing CSI for different downlink cells in Rel.10 is supported by TDM.  For multi-point CoMP CSI feedback in Rel.11, the same TDM multiplexing mechanism should be considered as a baseline where one PUCCH reports CSI for one point (i.e. CSI-RS-resource). 
Multiplexing of several periodic per-point CSI reports in one PUCCH is not recommended. First, PUCCH is a narrow pipeline with a limited feedback payload (e.g. 11 bits). Even if a slightly increased feedback capacity (e.g. Format 3) is considered, multiplexing various CSI reports for several CSI-RS-resources in one PUCCH is still challenging considering the large number of possible payload combinations and different CoMP measurement set size (N = 2 or 3). This is also less future-proof in case the CoMP reporting set size is increased (N>= 4), or new feedback content is to be adopted in the future (e.g. co-phasing and aggregated CSI).  Secondly, robustness of PUCCH has consistently been a design criterion since Rel.8. Multiplexing several periodic CSIs on one PUCCH would compromise the PUCCH coverage and is undesirable particularly for a CoMP-related cell-edge user. Increasing the PUCCH power to meet the coverage is neither preferred due to the higher intercell interference. 

Based on these considerations, PUCCH feedback for DL CoMP should be simple. By naturally re-using the TDM multiplexing mechanism for DL CA, each PUCCH should report CSI for one CSIRS-resource. 
Proposal 2:

· At least for per-CSIRS-resource feedback 
· Each PUCCH carries one periodic CSI report for one CSIRS-resource. 
· Periodic CSI reports for different CSIRS-resources are TDM-multiplexed, by configuring different reporting periodicity and/or offsets.  

· In case of PUCCH collision between different CSIRS-resources (e.g. due to eNB mis-configuration), periodic CSI is reported for one CSIRS-resource, while CSI for other CSIRS-resources are dropped.  The same dropping rule as in Rel.10 DL CA is applied, e.g. based on CSI type/priority.
It is FFS whether aggregated CQI feedback is supported in Rel.11. Aggregated CQI is a new CQI measurement that specifically aims to measure the CoMP-JT SNR over the aggregated channels to achieve better CoMP-JT link adaptation accuracy. If aggregated CQI is supported Rel.11, it could be either reported stand-alone in one PUCCH, or multiplexed with per-point CSI in one PUCCH. Similarly, our preference is to transmit aggregated CQI separately from other per-point CSI, due to the reasons stated above.  As such aggregated CQI can be considered as a CQI report for a “virtual transmission point”. Note that rank of aggregated CQI must be equivalent to the per-point rank, and derived assuming per-point precoding based the per-point PMI. There is no separate RI/PMI feedback for aggregated CQI.
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Fig. 1: Periodic feedback of per-point CSI (point 1 and 2), and aggregated CQI 

Proposal 3:

· If aggregated CQI is reported,  

· TDM-multiplexed with per-CSIRS-resource feedback.
· The precoding hypothesis (RI/PMI) for aggregated CQI is derived from the per-point CSI.
Regarding the feedback mode (e.g. mode 1-1/1-0, 2-1/2-0), configuring the same feedback mode for all CSIRS-resources appears to be a good starting baseline, at least for per-CSIRS-resource feedback. It could be further discussed whether different PUCCH modes can be configured for different CSIRS-resources although the benefits are not very clear at this moment. 
Proposal 4:

· The same feedback mode is configured for different CSI-RS-resources, as a baseline. 

2.1.2. PUSCH
The amount of CSI required for different points may vary dynamically depending on the CoMP transmission schemes, cell loadings, traffic variations and scheduler choice. Always triggering feedback of all CSIRS-resources is inefficient as it constantly results in the maximum feedback overhead. Although the amount of feedback overhead can be partially controlled by the CoMP measurement set management, such a semi-static configuration mechanism is slow and may be inefficient to cope with the quickly changing network traffic and scheduler adaptation. To avoid excessive overhead, it would be beneficial to dynamically trigger CSI report for a specific point only when necessary. Re-using the existing mechanism for downlink CA is the simplest solution where an UL grant could trigger CSI report for a subset of CSIRS-resources. 
Proposal 4 

· For per-CSIRS-resource feedback, one PUSCH report may carry CSI for a subset of CSI-RS-resources.

3. Conclusions

In this contribution we discussed the unified feedback framework on per-CSIRS-resource feedback applicable for CoMP JT, DPS and CB/CS. Based on the discussion, our preferences are listed below.
Proposal 1: Consider re-using the feedback channel designs for Rel.10 DL CA.

Proposal 2: At least for per-CSIRS-resource feedback 

· Each PUCCH carries one periodic CSI report for one CSIRS-resource. 

· Periodic CSI reports for different CSIRS-resources are TDM-multiplexed on PUCCH, by configuring different reporting periodicity and/or offsets.  

· In case of PUCCH collision between different CSIRS-resources (e.g. due to eNB mis-configuration), periodic CSI is reported for one CSIRS-resource, while CSI for other CSIRS-resources are dropped.  The same dropping rule as in Rel.10 DL CA is applied, e.g. based on CSI type/priority.

Proposal 3: If aggregated CSI is reported,  

· TDM-multiplexed with per-CSIRS-resource feedback.

· The precoding hypothesis (RI/PMI) for aggregated CQI is derived from the per-point CSI.

Proposal 4: The same feedback mode is configured for different CSI-RS-resources, as a baseline. 

Proposal 5: For per-CSIRS-resource feedback on PUSCH, consider the possibility of triggering CSI report for a subset of configured CSI-RS-resources. 
References
1. RP-111365, “Coordinated Multi-Point Operation for LTE”, Fukuoka, Japan, 3GPP TSG RAN#53, Sept. 13 – 16, 2011.
2. R1-113292, “CSI feedback scheme for JT CoMP,” NTT DoCoMo, Zhuhai, China, TSG RAN1#66bis, Oct. 10 – 14, 2011. 
3. R1-114258, “CSI feedback for DL CoMP,” Ericsson, ST-Ericsson, San Francisco, CA, TSG RAN1#67, Nov. 2011. 
4. R1-114314, “CSI feedback using multiple CSI-RS resources,” Nokia Siemens Networks, Nokia, San Francisco, CA, TSG RAN1#67, Nov. 2011. 
5. R1-114416, “On the feedback options for multipoint transmission,” Renesas Mobile Europe, San Francisco, CA, TSG RAN1#67, Nov. 2011.
























































































































































































































- 2/3 -

