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1. Introduction

Issues regarding CSI contents for CoMP have been intensively studied in recent RAN1 meetings. The followings are the working assumption and agreement on CoMP CSI contents:

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 

Note that use of SRS may be taken into account when reaching further agreements on the above. 

Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
In this contribution, we discuss CSI feedback channel and container. To be specific, we present some decision points on periodic PUCCH CSI feedback using PUCCH format 2 and discuss periodic PUSCH CSI feedback.
2. Periodic PUCCH CSI feedback
2.1. PUCCH format 2

CoMP UE is required to report multiple CSIs corresponding to multiple downlink channels and PUCCH format 2 can be still used to feed back the CoMP CSIs. If it is used, one of decision points is whether or not the multiple CSIs are reported at the same time through this PUCCH feedback container. An example can be seen in Figure 1, which shows UE reports two CoMP CSIs at the same time with PUCCH format 2. In this case, however, some methods to reduce feedback payload such as codebook sub-sampling, common sub-band/RI setting [1] and so on are needed, considering the limited 11 bits container size. 
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Figure 1
If only one CSI is reported at a time through PUCCH format 2, the following decision points should be carefully considered. 
· PUCCH configuration

For multiple CSI feedback, eNB indicates single PUCCH configuration or multiple PUCCH configurations to UE. We consider the following three alternatives regarding this issue.
Alt-1) single PUCCH configuration
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Figure 2

eNB indicates a single PUCCH configuration to UE, and UE reports multiple CSIs one by one through periodic PUCCH in a round robin fashion.
Alt-2) single PUCCH configuration (modified version) 
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Figure 3

eNB indicates a single PUCCH configuration to UE. One CSI is reported through the configured PUCCH and another CSI is fed back at the subframe next to the configured feedback subframe. For example, in Figure 3, subframe n, n+10, and n+20 are configured as periodic PUCCH for CSI1 feedback and CSI2 is fed back at subframe n+1, n+11, and n+21, which are the next subframes of configured PUCCH. If CSI3 exists, it is reported at the subframe n+2, n+12, and n+22. This alternative is beneficial in that CoMP scheduling delay is reduced compared to alternative 1 and 3 since multiple CSIs which are required for CoMP scheduling are reported over very adjacent subframes. Particularly in JT, which requires multiple CSIs unless aggregated CSI feedback is supported [2], joint processing of channels with different channel aging effects would result in non-negligible performance degradation.
Alt-3) multiple PUCCH configurations
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Figure 4
Each CSI is reported according to an independent PUCCH configuration. This alternative can be implemented by reusing existing PUCCH feedback framework of Rel-10 carrier aggregation or by slightly modifying it in consideration of possible new CSI features such as inter-phase corrector, common RI/sub-band and so on. It allows very flexible feedback configuration in that each CSI can be fed back with different period, subframe offset, and PUCCH resource. Also, Alt-1 and Alt-2 can be interpreted as special cases of Alt-3. In other word, by adjusting multiple configurations properly, Alt-1 and Alt-2 described in Figure 2 and 3 can be implemented within Alt-3.
· Feedback periodicity

It seems desirable that multiple CSI have the same feedback period for simplicity. We do not preclude the possibility of different feedback period but its benefit seems not clear.
· Feedback mode

Common feedback mode for multiple CSIs, i.e., sub-band feedback for all CSIs or wideband feedback for all, seems simple, but further study on different feedback mode is needed.
· Reporting type

To enhance CoMP performance, new types of CSI such as a phase corrector for coherent JT, preferred TP indication, aggregated CQI, and so on may need to be fed back. To reduce standardizing efforts, it would be efficient to minimize changes in reporting types defined in Rel-10 feedback framework. For example, new defined feedback contents could be added and jointly coded with the conventional feedback contents such as RI/PMI/CQI in one of the existing reporting types (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, 6).
2.2. PUCCH format 3

As feedback payload for CoMP CSI increases, a larger feedback container such as PUCCH format 3 can be considered for CoMP feedback. Multiple CSIs can be simultaneously conveyed through PUCCH format 3 as shown in Figure 1, which is a straightforward use of the larger container. Also, it may be used to transmit other information such as ACK/NAK with CSI at the same time. 
3. Periodic PUSCH CSI feedback

It is beneficial to report multiple CSI at the same time since, otherwise, DL CoMP scheduling can be delayed until all of related CSIs, which are required for CoMP scheduling, are fed back to a network, and scheduling delay in turn results in performance degradation due to channel aging. Particularly, it is desirable to report the required multiple channel information at the same time for the purposed of joint processing. In this sense, CSI feedback through PUSCH, where all feedback information can be reported simultaneously, seems beneficial for CoMP. Three alternative ways of using PUSCH for CSI feedback are as follows:
Alt-1) aperiodic PUSCH

Alt-2) periodic PUSCH (RRC signaling)

Alt-3) periodic PUSCH (RRC signaling + PDCCH triggering)

Alt-1 reuses the current aperiodic CSI reporting mechanism in Rel-10. Note that Alt-1 requires frequent triggering of CSI feedback, which results in large PDCCH burden. For this reason, it would be beneficial to support periodic PUSCH CSI feedback for CoMP. Alt-2 and 3 present a periodic use of PUSCH. Alt-2 configures periodic PUSCH through RRC signal but one drawback of this approach is high latency. To support more dynamic configuration about CoMP CSI feedback one efficient solution would be to utilize PDCCH to trigger periodic PUSCH feedback like semi-persistent scheduling (SPS) activation/release. To be specific, basic feedback configuration such as period can be set by RRC signal and periodic PUSCH feedback can be triggered by activation/release signal in PDCCH. For example, the network configures candidate CSI reporting sets to a UE via RRC signaling in advance. When the network decides to change CSI reporting set considering RSRP and traffic load and so on, the network indicates it to UE through PDCCH by activating the new CSI reporting set and releasing the current CSI reporting set. Also, aggregated CSI feedback for JT can be triggered using activation signal through PDCCH. We note that 2-bit CSI triggering field which is introduced for CA can be used to support these operations as well.
4. Conclusion
This contribution discussed periodic PUCCH/PUSCH CSI feedback. The following decision points and our preference were made based on the discussion: 
· Periodic PUCCH CSI feedback
· To support multiple CSI feedback at the same time using PUCCH format 2 is FFS
· Three alternatives about PUCCH configuration for multiple CSI feedback are presented and need to be studied further.
· It seems desirable that multiple CSI have the same feedback period and feedback mode.
· Modification of current reporting types to report new kinds of CSI such as phase corrector is necessary.
· Periodic PUSCH CSI feedback

· Periodic PUSCH CSI feedback is necessary

· It seems suitable to use PDCCH to trigger periodic PUSCH feedback which RRC signal configures.

______________________________________________________________________
References

[1] R1-113982, Consideration on CSI feedback for CoMP and feedback container, LG Electronics
[2] R1-121437, Considerations on aggregated PMI feedback, LG Electronics.






PAGE  
4

