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1. Introduction

In RAN1#66Bis meeting, the work assumption was identified to be:
· Standardize a common feedback/signaling 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.
Also, it was suggested to continue discussion/evaluation to RAN1#67 to aim to decide whether to support:
· aggregated feedback (if so, which components)

· inter-CSI-RS-resource feedback.
This contribution discusses these different feedback schemes, and proposes a scalable feedback framework based on per-CSI-RS-resource feedback to address different CSI requirements of various transmission schemes.
2. Discussions on feedback schemes
2.1. Aggregated PMI vs. per-CSI-RS-resource PMI
Codebook design requirements
To well support aggregated PMI, new codebook may be required since the current codebooks are all designed based on one-point assumption, and they may be not suitable for aggregated PMI feedback with the following cases: 
· The number of antenna ports for the aggregated channel may be not restricted in the set of 2, 4, and 8
· The received power among the aggregated antenna ports may be imbalance due to the unequal transmission power and different path loss
· The spatial characteristics of aggregated channel may be much different from that of single point with unified antenna configuration.

For per-CSI-RS-resource PMI feedback, the problem of codebook may also exist when multiple physical points are virtualized into a single CSI-RS-resource. Therefore, though the relationship between CSI-RS resource and transmission point is an implement issue and transparent to UE, it should be identified at first for codebook design because different assumptions will lead to different channel spatial characteristics and thus different codebooks.
Based on the discussion in contribution [1], codebook enhancement within single CSI-RS-resource under multi-point assumption is not recommended in any scenarios in Rel-11 stage considering the huge standardization efforts required for codebook design under such cases. For the same reason, new codebook designed targeting at aggregated PMI feedback is also not recommended in Rel-11 stage.
Proposal 1:

· Codebook designed under single point assumptions is recommended, and new codebook design for multi-point assumption should be avoided considering the huge standardization efforts required for codebook design.
Restriction by single-point codebook
If only the codebook designed under single point assumption is reused, the feedback accuracy of pure aggregated PMI cannot be guaranteed because the cases in which the codebook is not suitable for aggregated PMI feedback cannot be always avoided. However, per-CSI-RS-resource PMI feedback can avoid this problem by only aggregating multiple points which are suitable to use the single point codebook into single CSI-RS-resource. Therefore, its feedback accuracy is considerable. 
Scheduling flexibility and feedback scalability

Since aggregated PMI is computed based on certain SU-JT assumption, it is inaccurate to derive individual per-CSI-RS-resource channel information from the aggregated PMI. Multiple aggregated PMI based on different assumptions should be fed back by UE and only one of them may be utilized in actual transmission, otherwise, the scheduling flexibility will be affected. Comparing with aggregated PMI, per-CSI-RS-resource PMI feedback is more flexible and scalable. If per-CSI-RS-resource PMI of N CSI-RS-resources and the corresponding N-1 inter-CSI-RS-resource feedback are available, transmission from any subset of these N CSI-RS-resources can be supported.
Proposal 2:
· Pure aggregated PMI feedback is not recommended considering the single-point codebook restriction, scheduling flexibility and feedback scalability.
Per-CSI-RS-resource plus aggregated PMI vs. Per-CSI-RS-resource PMI plus inter-CSI-RS-resource feedback

Coherent JT cannot be supported by only per-CSI-RS-resource feedback, and hence inter-CSI-RS-resource information is needed. That could be achieved by aggregated PMI or inter-CSI-RS-resource feedback. However, if taking the single-point codebook restriction into account, the aggregated PMI feedback for coherent JT will has less accuracy or less scheduling flexibility. From this perspective, inter-CSI-RS-resource feedback is more suitable for coherent JT transmission. 
Per-CSI-RS-resource PMI, inter-CSI-RS-resource feedback plus aggregated PMI feedback
It cannot be precludes that in some cases, aggregated PMI feedback can save feedback overhead, CSI-RS overhead, or improve the feedback accuracy even considering the single-point codebook restriction. However, the prevalent of such cases and the standardization impact by introducing additional aggregated PMI feedback should be investigated. Also the tradeoff between the performance gain and additional feedback/signaling overhead introduced by aggregated PMI feedback should be carefully explored. 
Proposal 3:
· Per-CSI-RS-resource PMI plus inter-CSI-RS-resource feedback is recommended as baseline; additional aggregated PMI feedback is not precluded as complementary.
2.2. Aggregated CQI vs. per-CSI-RS-resource CQI
Similar with the relationship between aggregated PMI and per-CSI-RS-resource PMI, the aggregated CQI is calculated based on certain SU-JT assumption, while the CQI of aggregated channel also can be predicted approximately by the per-CSI-RS-resource CQI combining with the reconstituted aggregated channel by per-CSI-RS-resource PMI and inter-CSI-RS-resource feedback. 
Scheduling flexibility and feedback scalability

The flexibility of aggregated CQI is also dubitable, because it only can be used when the assumed SU-JT transmission is utilized in actual transmission, unless the corresponding aggregated PMI is also fed back, because the SU-JT-CQI cannot be adjusted into MU-JT-CQI without the corresponding spatial channel. Therefore, the utilization of aggregated CQI is very limited. Therefore, the scheduling flexibility will be heavily restricted by per aggregated CQI feedback.
Furthermore, since the aggregated channel is available in TDD systems with channel reciprocity, the CQI of aggregated channel can be adjusted accurately based on per-CSI-RS-resource CQI at the eNB. Therefore, it makes no sense to feed back aggregated CQI in that case. Also, by current specification, it is not supported to apply aggregated CQI when using channel reciprocity.
Comparing with per-CSI-RS-resource CQI, more standardization work will be introduced by aggregated CQI, including indication of CSI-RS resource combinations and transmission scheme assumptions specified for aggregated CQI calculation. Furthermore, additional feedback overhead will be needed by aggregated CQI considering per-CSI-RS-resource CQI is inevitable for single TP transmission including SU/MU-MIMO, DPS, and CBF.
Proposal 4:

· Per-CSI-RS-resource CQI is recommended as baseline, aggregated CQI is not precluded as complementary if its tradeoff between performance, overhead and spec. impact are identified.
3. Scalable CSI feedback based on per-CSI-RS-resource feedback
A scalable feedback framework simultaneously supporting the dynamic switch among DPS, CBF and coherent JT with restricted rank is proposed based on per-CSI-RS-resource feedback, and illustrated in Figure 1 and 2. Here, each “point” can be one or multiple physical points virtualized by a CSI-RS-resource. The CSI feedback set includes:

A. PMI/CQI based on assumption of RI=1 of all cooperating points, including the TPs
· PMI/CQI with RI=1 of the serving point supports single point MU-MIMO
· PMI/CQI with RI=1 of recommended TPs or candidate TPs support SU-DPS with rank 1 transmission and MU-DPS
· PMI/CQI with RI=1 of cooperating points support CBF with rank 1 transmission.
B. RI/PMI/CQI of the candidate TPs combining, or RI/PMI/CQI of the recommended TPs with indication of TP selection, supporting rank-free DPS and CBF transmission
C. Relative inter-CSI-RS-resource phase information combining with per-CSI-RS-resource PMI/CQI, useful for coherent JT transmissions
Depending on the various combinations of transmission schemes, corresponding subsets of the above feedback contents can be reported. For example, if DPS and CBF are supported, only the feedback items of A and B need to be reported.
For TDD system with channel reciprocity, only per-CSI-RS-resource individual CQI for each cooperating point (Part of A) is required to be fed back.
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Figure 1: Scalable feedback framework (UE recommends TPs)
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Figure 2: Scalable feedback framework (eNB selects TPs)
4. Conclusions

In this contribution, per-CSI-RS-resource feedback and the aggregated feedback are compared, and a scalable feedback framework based on the former one is proposed to address different CSI requirements of various transmission schemes. We propose that:
Proposal 1: Codebook designed under single point assumptions is recommended, and new codebook design for multi-point assumption should be avoided considering the huge standardization efforts required for codebook design.
Proposal 2: Pure aggregated PMI feedback is not recommended considering the single-point codebook restriction, scheduling flexibility and feedback scalability.
Proposal 3: Per-CSI-RS-resource PMI plus inter-CSI-RS-resource feedback is recommended as baseline; additional aggregated PMI feedback is not precluded as complementary.
Proposal 4: Per-CSI-RS-resource CQI is recommended as baseline, aggregated CQI is not precluded as complementary if its tradeoff between performance, overhead and specification impact are identified.
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