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1 Introduction
In RAN1#68bis, the following was agreed for periodic CSI transmission [1]:

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

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

Based on the discussions in RAN1#68bis, either PUCCH format 3 or periodic PUSCH can be adopted as the transmission method for multi-CC periodic CSI in Rel-11. In this contribution, we share our views on the transmission method for periodic CSI reporting for multiple CCs in one subframe.

2 Discussion 
Generally speaking, there are two approaches to support multi-CC periodic CSI reporting in one subframe:
Approach 1: Reuse PUCCH format 3 for periodic CSI reporting of multiple DL CCs
Approach 2: Periodic PUSCH for periodic CSI reporting of multiple DL CCs
2.1 Periodic PUSCH for multi-CC periodic CSI reporting 
This approach is to use a periodic PUSCH to transmit multiple DL CCs’ periodic CSI together in one subframe. As shown in Figure 1, where [D1, …, D12] are the corresponding CSI data symbols. Each CSI data symbol Di contains 24 coded bits, providing 288 coded bits per subframe, which is sufficient for up to 5 DL CCs’ periodic CSI transmission. 
However, in case of aggregating 5 DL CCs, there are at most 55 periodic CSI feedback bits assuming each DL CC with a CSI reporting type of 11 bits. It is inefficient to transmit 55 periodic CSI bits with such a low coding rate less than 0.2 with the periodic PUSCH structure. In addition, without orthogonal cover sequences in time domain for the CSI data symbols, the multiplexing capacity per PRB of periodic PUSCH approach is only 1 UE, which greatly increases the UL overhead, especially for a typical carrier aggregation scenario with 2 DL CCs. 
If PUSCH is used for multi-CCs’ periodic CSI reporting in one subframe, another aspect that needs to be discussed is whether the PUSCH with multi-CC periodic CSI shall be treated as PUCCH or PUSCH with UCI. Currently, RAN1 defines PUCCH, PUSCH with UCI, and PUSCH without UCI, e.g. for the UL power control purpose. It is cleaner to treat the PUSCH with multi-CC periodic CSI as PUCCH, since this would not interfere with other parts of the specifications, e.g. UL power control, multi-cluster PUSCH transmission, etc. Hence, a new PUCCH format may need to be introduced even if the structure is the same as PUSCH. 
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Figure 1: Periodic PUSCH structure for multi-CC periodic CSI reporting
2.2 PUCCH format 3 for multi-CC periodic CSI reporting
This approach aims to allow a PUCCH format with a larger payload for transmission of periodic CSI compared with Rel-10. In Rel-10, periodic CSI is transmitted with PUCCH format 2/2a/2b with 20 coded bits. In Rel-11, it is possible to allow PUCCH format 3 for transmission of periodic CSI, which supports 48 coded bits in a subframe. As shown in Figure 2, each CSI data symbol Di contains 24 coded bits. 
Considering the number of bits for each periodic CSI reporting type defined in [3], PUCCH format 3 can support up to 2 DL CCs’ periodic CSI reporting in one subframe without the need to compress the periodic CSI feedback, which is sufficient for the typical CA scenario with 2 DL CCs aggregated. In case of aggregating more than two DL CCs, PUCCH format 3 can be used together with the TDM based approach or the CSI compression approach as discussed in [4], for multi-CC periodic CSI reporting. The main benefit of reusing PUCCH format 3 for multi-CC periodic CSI reporting is that up to 5 UEs can be multiplexed in one PRB, which can greatly reduce the PUCCH overhead. In addition, no new PUCCH format needs to be defined if PUCCH format 3 is reused to support multi-CC periodic CSI reporting, which reduces the specification changes.
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Figure 2: PUCCH format 3 for multi-CC periodic CSI reporting
2.3 Tradeoff analysis

The proposed approaches on periodic CSI reporting in Section 2.1 and 2.2 can be applied to all scenarios where a UE is configured with DL carrier aggregation. The main differences between these two approaches are the PUCCH overhead and specification impacts in RAN1, as shown in Table 1. 
More efficiently and logically, UCI enhancement shall focus on the typical scenario of carrier aggregation with 2 DL CCs. Hence, the PUSCH based structure for multi-CC periodic CSI reporting in one subframe is less preferable due to higher overhead, especially for the typical scenario of carrier aggregation. Since UL control overhead is an essential factor to consider for UL control channel design, we have the following proposal:
Proposal: PUCCH format 3 shall be adopted as the transmission method for multiple DL CCs’ periodic CSI reporting in one subframe in Rel-11.
Table 1:  Comparison on multiplexing capacity of different approaches

	Approaches
	Multiplexing capacity per PRB
	Specification impact

	PUCCH format3
	5
	Small

	Periodic PUSCH structure
	1
	High


3 Conclusions
In this contribution, we discuss the periodic CSI reporting for multiple DL CCs in one subframe in LTE-A Rel-11 with the following proposal:
Proposal: PUCCH format 3 shall be adopted as the transmission method for multiple DL CCs’ periodic CSI reporting in one subframe in Rel-11.
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