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1 Introduction
In Rel-10 carrier aggregation, when multiple periodic CSI reports collide in the same subframe, only one periodic CSI report is transmitted and the others are dropped. The evaluation results in RAN1#68bis showed non-negligible DL throughput degradation when periodic CSI reports are dropped due to the collision.
To alleviate the periodic CSI dropping issue, it was agreed in RAN1#68bis that:
· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

In this contribution, we discuss different options to support multiple periodic CSI reports and provide our recommendation.

2 Potential Solutions
The periodic CSI report for a component carrier (CC) has a maximum payload size of 11 bits. Therefore, for a UE supporting up to 5 CCs, the maximum payload size for multiple periodic CSI reports is 11*5  = 55 bits for both FDD and TDD. The actual combined payload size depends on the number of CCs and the CSI reporting mode.
In Rel-10, the periodic CSI report, when transmitted on PUCCH, is transmitted using PUCCH format 2. Format 2 can carry up to 13 information bits, which is certainly not sufficient to support the maximum combined payload size. A few options have been discussed previously [1]-[10], including PUCCH format 3, a new PUCCH format (possibly using reduced spread factor based on format 2/3 structure) that supports larger payload size, and PUSCH. Since it has been agreed that the multi-cell periodic CSI multiplexing is supported based on existing UL channel formats, the two options left are PUCCH format 3 and PUSCH.
1. PUCCH format 3

Pros: with up to 21-bit payload size, it can possibly carry the CSI reports for multiple cells.
Cons: it does not provide a universal solution, because the 21-bit maximum payload size is still too small for the maximum of 55 bits for multiple CSI reports. (If HARQ-ACK is sent as well, the maximum combined UCI payload size becomes 66 bits for FDD and 76 bits for TDD.)
PUCCH resource assignment:
A separate format 3 resource would need to be assigned to the UE, even if the UE is configured with format 3 for HARQ-ACK feedback. The reason is that format 3 resource for HARQ-ACK is dynamically assigned in each DL grant, while the resource for periodic CSI report needs to be pre-configured using higher layer signalling. With a separate resource assigned, the UE can always use the resource to transmit periodic CSI, which can be used to replace the format 2 resource in the same subframe.
Priority order for CSI dropping:

In the cases when the periodic CSI from multiple cells cannot fully fit into format 3, a priority would need to be defined to determine which CSI reports or which part of the CSI reports are transmitted.
2. PUSCH

Pros: it is a straightforward extension of the existing functionality of carrying aperiodic CSI reports using PUSCH. It is a universal solution that can be used in all scenarios (any reporting mode for up to 5 component carriers). It is more future-proof compared to the other approaches in the sense that it can be extended to support CSI reporting for CoMP, if needed.
Cons: it may be inefficient to use one PRB if the total payload size is small.
PUSCH resource assignment: If it happens that there is a PUSCH grant available for any of the configured cells, the periodic CSI can be sent in the assigned PRBs, multiplexed with the data. But for more general cases, there may be a need for a kind of semi-statically configured resource assignment to ensure that the CSI feedback can be transmitted. Fortunately this would not result in waste of resource when periodic CSI is not transmitted: Because the eNB has all the configuration information for the UE and the perfect knowledge of when to expect the UE transmission, the eNB could reuse the resource for PUSCH when it is not needed for UCI.

CSI report content: since one PRB on PUSCH can possibly carry more information than required by periodic CSI, it can be discussed further whether a more comprehensive CSI report (similar to the existing aperiodic CSI report) should be transmitted.
It is obvious that each option has its own pros and cons. It was already agreed that PUCCH format 3 is used for the simultaneous transmission of periodic CSI and HARQ-ACK. It becomes relatively straightforward to use the same approach to support multiple periodic CSI reports using format 3 as well. This is suitable and efficient for smaller number of payload size.

Proposal 1: PUCCH format 3 resource can be configured using higher layer signaling to support the simultaneous transmission of multiple periodic CSI reports.
However, PUCCH format 3 only provides a partial solution, and many cases are not covered. Even if PUCCH format 3 is supported, the specifications should still provide a comprehensive solution that can solve the issue in general. The PUSCH option is a natural choice for this purpose, as explained above. There is the concern on the efficiency for relatively small payload size. But if PUCCH format 3 is available for the cases of relatively small payloads of multiple CSI reports, it only remains for PUSCH to be used for large payload sizes (e.g. large number of CCs, and some TDD scenarios).

Proposal 2: PUSCH resource can be configured using higher layer signaling to support the simultaneous transmission of multiple periodic CSI reports.
Proposal 3: It is configurable whether PUCCH format 3 or PUSCH is used to support the simultaneous transmission of multiple periodic CSI reports.
The difference between Proposal 3 and the hybrid approach in [1] is that this proposal does not support the configuration of both PUCCH format 3 and PUSCH resource for multiple periodic CSI reports. This simplifies the system design. Although the hybrid approach in [1] provides greater flexibility, we understand that PUCCH format 3 and PUSCH can be considered as targeting towards different scenarios, and one of them is more appropriate in each different scenario. Therefore the capability of configuring one of them for each UE should be able to provide sufficient flexibility. If the eNB can use the TDM approach as in Rel-10 to avoid the conflict mostly, it can choose not to configure any PUCCH format 3 or PUSCH resources. If the UE only has 2 CCs and the UCI payload size is <= 21 bits most of the time, the eNB can configure PUCCH format 3 only. If there are more CCs and PUCCH format 3 is not sufficient to handle the payload, PUSCH resource can be configured.
3 Conclusion
In order to support the simultaneous transmissions of multiple CSI reports, we propose the following:

Proposal 1: PUCCH format 3 resource can be configured using higher layer signaling to support the simultaneous transmission of multiple periodic CSI reports.
Proposal 2: PUSCH resource can be configured using higher layer signaling to support the simultaneous transmission of multiple periodic CSI reports.
Proposal 3: It is configurable whether PUCCH format 3 or PUSCH is used to support the simultaneous transmission of multiple periodic CSI reports.
The following issues need to be further investigated:
· The priority order of CSI dropping when PUCCH format 3 is used
· Whether the contents different from the existing periodic reporting modes should be used for PUSCH based approach to fully utilize the PUSCH resource
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