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1. Introduction

In this contribution, we discuss CSI feedback channel and container. Periodic PUCCH and periodic PUSCH CSI feedback are discussed in section 2 and 3, respectively. 

2. Periodic PUCCH CSI feedback
2.1. Non-CA based approach vs. CA based approach

It is a big decision point regarding on periodic PUCCH CSI feedback for CoMP whether to reuse existing PUCCH feedback framework of Rel-10 carrier aggregation or not. In this section, we explain both approaches and relating issues.
· Non-CA based approach
We present two non-CA based approaches, which are depicted in Fig 1 and Fig 2, respectively. For multiple CSI feedback, eNB indicates single PUCCH configuration and multiple CSIs are multiplexed in TDM manner or bundle in the same PUCCH resource. In these ways, the collision among multiple CSIs is prevented.

In TDM case, conventional feedback container, PUCCH format 2, can be used since multiple CSIs are reported though different containers. On the other hand, in bundle case a larger feedback container such as PUCCH format 3 can be considered for CoMP feedback. If multiple CSIs can be compressed in 11 bits by means of codebook sub-sampling, common sub-band/RI setting and so on [1], PUCCH format 2 can be still used.
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Figure 1
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Figure 2
Additionally, we can consider another type of periodic PUCCH feedback based on TDM that is depicted in Fig 3. In this type, 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 approach is beneficial in that CoMP scheduling delay is reduced compared to TDM based approach depicted in Fig 1 and CA based approach depicted in Fig 4 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.
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Figure 3
· CA based approach 
In CA based PUCCH CSI feedback, each CSI is reported according to an independent PUCCH configuration, which 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 common RI/sub-band and so on [1]. It allows very flexible feedback configuration in that each CSI can be fed back with different period, subframe offset, and PUCCH resource.
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Figure 4
2.2. Feedback periodicity

It seems desirable that multiple CSI have the same feedback period for simplicity. In CA based CSI feedback, collision among multiple CSIs can be simply avoided by setting different subframe offset if CSI feedback periods are restricted to the same. Also, setting the same feedback period is beneficial in that network takes all multiple CSIs feedback as soon as possible. We do not preclude the possibility of different feedback period but its benefit seems not clear. 
2.3. Feedback mode

Common feedback mode for multiple CSIs, i.e., sub-band feedback for all CSIs or wideband feedback for all, seems simple and appropriate. Considering that CoMP UE is probably located at cell-edge, its geometry and mobility would be similar in the perspective of any TPs in CoMP measurement set. As a result, downlink channels of all CoMP TPs have similar frequency selective characteristic with each other. Moreover, in JT case, it is reasonable for CoMP TPs to share common feedback mode. As stated in [3], it reduces feedback overhead to configure wideband feedback mode for TPs performing CS/CB and set sub-band feedback for serving TP. However, if UE reports scalable CQI [4], not CoMP hypothesis based CQI, feedback mode for multiple CSI needs to be the same for the purpose of CQI compensation accuracy at network side.
2.4. Reporting type

To enhance CoMP performance, new types of CSI such as 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).
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
· 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 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.
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