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1. Introduction

In RAN1#82 meeting, the followings were agreed on UCI transmission including periodic CSI and the maximum size of HARQ-ACK payload [1]. 
Agreements:

· The PUCCH format with PUSCH-like structure can be used to carry

· P-CSIs for multiple serving cells

· FFS: P-CSIs for multiple serving cells and HARQ-ACK for at least one serving cell

· FFS: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits

Agreements:

· In the case of TDD PUCCH cell, the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32CCs is selected from

· 128, 256, 319, 638

In this contribution, we discuss consideration points and provide our view on the enhancement related to periodic CSI for Rel-13 CA in terms of transmitting multiple periodic CSIs and/or HARQ-ACK. 
2. Considerations on periodic CSI enhancement in Rel-13
· UCI payload fluctuation with multiple periodic CSIs
One consideration point for multiplexing of periodic CSI reports is UCI payload size of PUCCH format in both cases of multiple periodic CSIs only, and simultaneous HARQ-ACK and multiple periodic CSIs. Since the periodic CSI configuration including CSI feedback reporting mode (e.g. PUCCH CSI reporting type such as RI/PMI/CQI), CSI reporting periodicity/offset, can be independently configured per DL cell/CSI process basis, the number of periodic CSI feedback bits for each DL cell/CSI process can be varied within a range of 1 to 11. Consequently, the total bits of periodic CSI configured in a subframe can be also varied, and for this reason, multiplexing of periodic CSI reports by using a single PUCCH format would be inefficient in aspect of UL resource overhead. Therefore, adaptation of PUCCH format transmitting periodic CSI report only can also be considered according to the CSI payload size. In addition, PUCCH format transmitting both HARQ-ACK and multiple periodic CSIs could be adapted according to the total UCI (e.g. HARQ-ACK + CSI reports) payload size. 
Proposal 1: Adaptation of PUCCH format used to transmit multiple periodic CSIs and/or HARQ-ACK is to be supported according to UCI payload size with periodic CSIs.
· Selection of the periodic CSI transmitted on PUCCH
Another consideration point for multiple periodic CSIs on PUCCH is how to select the CSI reports to be transmitted on a PUCCH format with given maximum payload size. For example, if new PUCCH format(s) is designed to contain 66 bits in maximum and the periodic CSIs to be transmitted are selected based on the number of CSI reports, 6 CSI reports can be simultaneously transmitted in a subframe. This rule based on the number of CSI reports would be simple, but the actual size of periodic CSI report is not always 11 bits, which implies that there would be unused bits depending on CSI reporting type and CSI reporting mode configured for each periodic CSI report. On the other hand, if the periodic CSIs to be transmitted are selected based on the number of CSI feedback bits, more than 6 CSI reports can be transmitted in a subframe while the number of CSI reports may be varied in this case. 

Proposal 2: Selection of the periodic CSI reports transmitted on PUCCH (e.g. based on the number of CSI reports or CSI feedback bits) is to be considered.
· PUCCH format and resource used for periodic CSI
For efficient UL resource utilization by PUCCH format adaptation, both new PUCCH format(s) and PUCCH format 3 are to be supported for transmission of multiple periodic CSIs only as well as for simultaneous transmission of both multiple periodic CSIs and HARQ-ACK. Besides, for the determination of PUCCH resource, PUCCH resource for periodic CSI only would be semi-statically configured by RRC signalling while PUCCH resource for simultaneous periodic CSI and HARQ-ACK would be dynamically indicated by ARI in DL grant DCI as in legacy CA. Here, considering the case that same PUCCH format is configured for HARQ-ACK and CSI only case, and CSI PUCCH resource is overlapped with one of HARQ-ACK PUCCH resource candidates, there might be potential ambiguity on UCI combination (i.e., whether CSI + HARQ-ACK or CSI only) in the PUCCH resource in case when DL grant DCI is missed by UE. Thus, some handling may be required to avoid or resolve this ambiguity.
Proposal 3: Both new PUCCH format(s) and PUCCH format 3 are to be supported for the transmission of multiple periodic CSIs and/or HARQ-ACK.

Proposal 4: Handling of potential ambiguity on UCI combination in case of PUCCH resource overlapping between HARQ-ACK and CSI only is to be considered. 
· Multiple periodic CSIs and HARQ-ACK on PUCCH
Additional consideration point for supporting simultaneous HARQ-ACK and multiple periodic CSIs on PUCCH is how to determine the CSI reports to be transmitted with HARQ-ACK feedback on the PUCCH. For a PUCCH format with given maximum payload size, amount of periodic CSI reports which can be transmitted with HARQ-ACK would be varied according to the number of HARQ-ACK feedback bits. For example, the number of CSI feedback bits (in maximum) could be increased in case of reducing HARQ-ACK payload by omitting HARQ-ACK feedback for non-scheduled cells/subframes or by applying HARQ-ACK bundling in certain (e.g. spatial and/or time) domain. Therefore, the periodic CSI reports to be transmitted with HARQ-ACK feedback on the PUCCH can be determined with consideration of potential HARQ-ACK payload reduction.
Proposal 5: Periodic CSI reports transmitted with HARQ-ACK on PUCCH could be determined with consideration of potential HARQ-ACK payload reduction.
· Multiple periodic CSIs and UL-SCH on PUSCH
Additional consideration point is simultaneous transmission of multiple periodic CSI reports on PUSCH. For reasonable (e.g. similar amount of) CSI acquisition per CSI reporting subframe in eNB, it seems to be reasonable to support piggyback of multiple periodic CSIs on PUSCH at least in case when multiple CSIs on PUCCH is configured. In this case, impact to UL-SCH (e.g. coding rate) by PUSCH rate-matching would be different according to the number of piggybacked CSI bits on PUSCH. Therefore, the periodic CSI reports to be piggybacked on PUSCH can be determined with consideration of potential UL-SCH impact according to PUSCH rate-matching.
Proposal 6: Periodic CSI reports piggybacked on PUSCH could be determined with consideration of potential UL-SCH impact according to PUSCH rate-matching.
· Other potential issue related to the periodic CSI
Lastly, for the reliable transmission of multiple periodic CSIs, it may be necessary to consider handling of potential RI error case. More specifically, according to the value of RI, bit width of the corresponding PMI/CQI would be varied. Considering the situation that RI for a particular cell is erroneously decoded by eNB in certain CSI reporting timing, if multiple periodic CSIs including the PMI/CQI corresponding to the erroneous RI are jointly encoded and transmitted in the next CSI reporting timing, there might be ambiguity on overall CSI payload size between UE and eNB. in this case, it might be difficult for eNB to find/correct the ambiguous PMI/CQI in transmission of multiple CSIs, and in worst case, all the CSIs might be lost in eNB side and moreover this situation could be continued to the next CSI reporting timing. Hence, some handling may be required to avoid or resolve this ambiguity. 
Proposal 7: Handling of potential ambiguity on CSI payload size with multiple periodic CSIs due to the case of RI error is to be considered.
Furthermore, to reduce dropping of periodic CSIs, simultaneous transmission of periodic CSIs and SR on PUCCH without HARQ-ACK could be supported in Rel-13 CA.
Proposal 8: Simultaneous transmission of periodic CSIs and SR on PUCCH without HARQ-ACK could be supported to reduce the periodic CSI dropping.
3. Conclusions

In this contribution, we discussed on simultaneous transmission of multiple periodic CSIs for the enhancement of CSI feedback in Rel-13 CA. Based on above, we propose:

Proposal 1: Adaptation of PUCCH format used to transmit multiple periodic CSIs and/or HARQ-ACK is to be supported according to UCI payload size with periodic CSIs.
Proposal 2: Selection of the periodic CSI reports transmitted on PUCCH (e.g. based on the number of CSI reports or CSI feedback bits) is to be considered.
Proposal 3: Both new PUCCH format(s) and PUCCH format 3 are to be supported for the transmission of multiple periodic CSIs and/or HARQ-ACK.

Proposal 4: Handling of potential ambiguity on UCI combination in case of PUCCH resource overlapping between HARQ-ACK and CSI only is to be considered. 
Proposal 5: Periodic CSI reports transmitted with HARQ-ACK on PUCCH could be determined with consideration of potential HARQ-ACK payload reduction.
Proposal 6: Periodic CSI reports piggybacked on PUSCH could be determined with consideration of potential UL-SCH impact according to PUSCH rate-matching.
Proposal 7: Handling of potential ambiguity on CSI payload size with multiple periodic CSIs due to the case of RI error is to be considered.
Proposal 8: Simultaneous transmission of periodic CSIs and SR on PUCCH without HARQ-ACK could be supported to reduce the periodic CSI dropping.
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