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1 Introduction

In the RAN1#68bis meeting, whether to enable transmission of multiple periodic CSI in a subframe was discussed, and the following conclusions were agreed [1]: 

· Multi-cell Periodic CSI Multiplexing for DL CA is supported in Rel-11
· Based on existing UL channel formats (FFS which one)
Several candidate schemes were proposed for multi-cell periodic CSI reporting in a subframe in [2]-[10], including using PUCCH format 3, using modified PUCCH format 3, and using periodic PUSCH. However, since modified PUCCH format 3 [5]

 REF _Ref330967263 \r \h 
[10] is not an existing UL channel format, it was precluded according to the agreement in the RAN1 #68bis meeting. This contribution discusses and analyzes using PUCCH format 3 and using periodic PUSCH. 
2 Discussion
2.1 Using PUCCH format 3
PUCCH format 3 for A/N transmission defined in Rel-10 can be reused for multiple periodic CSI reporting in a subframe. Although the maximum payload size carried by PUCCH format 3 is 21 bits, the payload size can be easily extended to 22 bits with dual (32, 11) RM code. Considering that the maximum payload size of periodic CSI for a single cell is 11 bits, PUCCH format 3 can support at least two periodic CSI reporting. Therefore, when the number of periodic CSI to be transmitted is not more than 2, all the periodic CSI information can be transmitted using PUCCH format 3.
For more than two periodic CSI, the following two alternatives can be considered to determine the reported CSI information. 
Alternative 1a:  The reported CSI information only corresponds to two cells 
Only the CSI information corresponding to the two cells with the periodic CSI report of higher priority will be reported. The priority order for periodic CSI only in Rel-10 can be reused. 
Alternative 1b:  The reported CSI information matches the maximum payload size of PUCCH format 3 
The reported CSI information can be determined by extending Rel-10 CSI dropping rule according to the maximum payload size of PUCCH format 3. According to Rel-10 CSI order priority, each CSI report has a priority rank. If the total number of CSI bits is less than the maximum payload size, all CSIs can be reported simultaneously in a given subframe (Figure 1a). When the total number exceeds the maximum size, the CSIs from the cells with higher priority are first filled. If the remaining payload size cannot contain all the CSIs with the next priority, then all CSIs with lower priority are dropped (Figure 1b and Figure 1c).
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Figure 1. Scheme for determining the reported CSI on PUCCH format 3.
The pros and cons of multiple periodic CSI reporting on PUCCH format 3 are as follows:
· Pros:
· High UE multiplexing capacity.
· Cons:
· At most two periodic CSI reports can be supported if the payload size of each periodic CSI report is 11 bits.
2.2 Using periodic PUSCH
Periodic PUSCH can be used to enhance periodic CSI reporting in Rel-11. The reporting content on PUSCH and the resource assignment need to be discussed. 
2.2.1 Reporting content

As to the reporting content with periodic PUSCH, there are two alternatives.

Alternative 2a: Combining multiple periodic CSI reports configured in the same subframe 
The reporting content is combined with multiple periodic CSI reports for multiple cells in the same subframe as shown in Figure 2. According to Table 1, we can see that the capacity of periodic PUSCH is enough to carry up to five periodic CSI reports. However, the alternative has the following cons:

· Low UL resource utilization efficiency. Firstly, the maximum combined payload is 55 bits when 5 cells are assumed, with 288 coded bits by PUSCH with one PRB, the code rate is around 1/5, therefore the resources are redundant for the UEs with good channel conditions. Secondly, the case of 5 aggregated cells is rare, so the code rate for other cases is lower compared to the case of 5 aggregated cells, and thus more resources are wasted. Thirdly, even in the case of 5 aggregated cells, the probability of 55-bit CSI report is low considering it can only be applied when the reporting instance of all the 5 cells is the same and 11-bit report is used for each cell.
· Low multiplexing capacity and thus more UL overhead. For example, for the case of 4 aggregated cells, compared to PUCCH format 3 assuming at most two periodic CSI can be supported and 5 multiplexing UEs per PRB, the UL overhead for periodic PUSCH is nearly 2.5 times that for PUCCH format 3.  
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Figure 2. Reporting content combined with multiple CSI reports from multiple cells.
Alternative 2b: Combining the periodic CSI information for wideband/subband reporting and for multiple cells into a subframe 
To alleviate the collision between A/N and CSI or among multiple CSI, it is desirable to combine different kinds of periodic CSI, e.g., the wideband CSI reporting and subband CSI reporting together into the same subframe as shown in Figure 3. If all kinds of periodic CSI are combined in a reporting periodicity of wideband CSI, only one reporting instance will be required. Periodic CSI from multiple cells can also be combined into the same subframe as shown in Figure 2. The difference from alternative 2a is that the periodic CSI information for each cell is the combination of wideband reporting and subband reporting. 
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Figure 3. Reporting content combined with different kinds of CSI.
For alternative 2b, the total periodic CSI information bits for each serving cell will increase because of combining the wideband reporting and subband reporting, thus it can improve the UL resource utilization efficiency. In addition, although the multiplexing capacity is still low, the total UL overhead is lower since the number of CSI reporting instance is reduced in time-domain. However, this alternative will need more standardization efforts compared to alternative 2a.
2.2.2 Resource assignment

Another issue is how to indicate the resources for periodic PUSCH. As described in [9], a possible scheme to indicate the resources for periodic PUSCH can be dynamically scheduled with an UL grant, semi-statically scheduled with RRC signalling, or semi-persistent scheduled. Details can be found in [9].
The pros and cons of multiple periodic CSI reporting using periodic PUSCH are as follows:

· Pros:
· The payload size increases and thus it can contain more periodic CSI in a subframe;
· Cons:
· Low multiplexing capacity.
· More UL overhead and low UL resource utilization efficiency with alternative 2a.  
· Extra complexity on combining CSI reporting content with alternative 2b.
For multiple periodic CSI reporting using periodic PUSCH with alternative 2b to determine the reporting content, although it will slightly increase the complexity, this alternative can improve the resource utilization efficiency and reduce the UL overhead. Thus, alternative 2b is slightly preferred over alternative 2a.
2.3 Summary of the discussions   
In this section, we summarize the discussion of PUCCH format 3 and periodic PUSCH in Table 1. 
Both PUCCH format 3 and periodic PUSCH for multiple periodic CSI reporting in a subframe can be considered in Rel-11. For periodic PUSCH, as discussed in section 2.2, alternative 2b for determining the reporting content can improve the resource utilization efficiency and reduce the UL overhead, although it will need more standardization effort, thus it is preferred over alternative 2a.
For PUCCH format 3 and periodic PUSCH, PUCCH format 3 is slightly preferred. For PUCCH format 3, the main concern is that the payload size is not large enough; thus, it may be not very efficient for some TDD configurations. However, longer periodicity like 10ms or 20ms can be accepted for TDD if SRS can be used with channel reciprocity, thus the requirement for reporting more than 2 aggregated cells in one subframe can be low. For periodic PUSCH, it will have larger UL overhead and low UL resource utilization efficiency unless alternative 2b is used to determine the reporting content.
Table 1. Summary of discussions
	
	PUCCH format 3
	Periodic PUSCH

	Maximum payload
(code rate 1/2)
	22 bits
	144 bits

	UE multiplexing capacity (1 PRB)
	5
	1

	Specification impact
	Low
	Low

	Complexity
	Low
	Low

	UL overhead
	Low
	High for alternative 2a*;
Low for alternative 2b*


* Alternative 2a and alternative 2b are the schemes to determine the reporting content as discussed in section 2.2.
3 Conclusion
In this contribution, we provide our views on several candidate schemes for multiple periodic CSI reporting in a subframe. Based on the analysis in section 2, we have the following proposal:

Proposal: PUCCH format 3 is used to support multi-cell periodic CSI reporting in a subframe.
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