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1 Introduction

Uplink signalling aspects for carrier aggregation enhancement in Rel.11 has been discussed in RAN1 meetings. Enhancement of periodic CSI is one of the potential enhancement topics for Rel.11. In this contribution, we provide our views on multiple periodic CSI in a subframe. 

Note that this is resubmission of Section 2 “Multiple periodic CSI in a subframe” in R1-121138. 
2 Multiple periodic CSI in a subframe 

In Rel.10, it is possible to configure the reporting periodicity per component carrier. However, only one CSI reporting is allowed in a subframe, i.e. dropping CSI reporting based on priority when there is a collision. In the combination of CA, CoMP, MIMO and/or TDM ICIC, it would be difficult to avoid the collision. In addition, any CSI report can be dropped if it collides with A/N, particularly multiple A/N such as in CA for TDD. Depending on the usage of the periodic CSI, the channel quality fluctuation over time and the feasibility of requesting an aperiodic CSI report, in the worst case frequent CSI dropping can cause not only degradation of data throughput but also increase of PDCCH error rate (i.e. missing a PDCCH) due to the inaccurate link adaptation. Therefore, multiple periodic CSI reports in one subframe should be supported not only for CA (as in current agreement) but also for other techniques, e.g. CoMP, MIMO and TDM ICIC. In order to support multiple CSI reporting for the various purposes, it is preferable to define a common container for these purposes. Two approaches for multiple CSI reporting have been studied e.g. in [1-4]. 
Approach 1: use of PUCCH format 3 (or modified PUCCH format 3, e.g. with SF reduction)
In approach 1, PUCCH format 3 supports 48 coded bits in Rel.10. This can support only a few CSI reports (e.g. for up to 2 component carriers). Considering that multiple CSI reporting is required not only for CA but also for CoMP, MIMO, TDM ICIC and their combinations, the container size would not be sufficient. Therefore, multiple CSI reports by PUCCH format 3 are required when more periodic CSI reports (e.g. CSI for 3 cells) are configured. With the modified PUCCH format 3 with SF reduction (e.g. [2]

 REF _Ref315713048 \r \h 
[4]), the number of supported bits can be increased (e.g. doubled). However, the maximum payload size is still limited and it may still not be sufficient for an operation with combination of the above enhanced techniques (e.g. CoMP). In addition, it requires a new design for the new format and significant specification work at least for RAN1 and RAN4. 
Approach 2: use of PUSCH 

On the other hand, approach 2 supports a sufficient number of CSI bits. For CSI reporting on PUSCH, one PRB may be sufficient in most cases but multiple RBs can also be used for the CSI reporting if necessary. In addition, approach 2 does not require standardization effort to define a new PUCCH format. Furthermore, simultaneous transmission of periodic CSI and HARQ-ACK/SRS can be supported in the same way as in Rel. 8-10, if desired. 
From multiplexing capacity (number of UEs per RB) point of view, approach 2 supports fewer UEs (1 UE per RB) than approach 1 (5 UEs per RB in case of PUCCH format 3). Since the number of UEs which is configured with multiple CSIs would not be likely to be high especially in Rel.11, it would not be so important to accommodate multiple CSIs for large number of UEs in a subframe. In addition, MU-MIMO operation for CSI on PUSCH is also possible to increase multiplexing capacity. 
Furthermore, when a larger number of CSI reports than supported by PUCCH format 3 are configured, multiple CSI reports for PUCCH format 3 need to be configured in case of approach 1. On the other hand, only one periodicity is required in approach 2. From a UE's power consumption point of view, approach 2 is advantageous because the number of transmission times can be reduced. 
In addition, if periodic transmission of current aperiodic CSI on PUSCH is useful for PDCCH overhead reduction perspective, the same mechanism can be used as in approach 2. 

From above discussion, we propose approach 2 (i.e. use of PUSCH for multiple CSI). 
3 Conclusion 
In this contribution, we discussed the potential enhancement on multiple periodic CSI in a subframe. We propose to use PUSCH for multiple periodic CSI transmission because of less standardization impact for RAN1 and RAN4. 
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