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1 Introduction

In the RAN1#67 meeting, whether to enable transmission of multiple periodic CSI in a subframe was discussed and it was concluded that decision would be made in the RAN1 #68 meeting [1]. However, it was not discussed in the RAN1 #68 meeting. According to the evaluation and analysis in [2], multiple periodic CSI reporting in a subframe should be supported in Rel-11. 
Several candidate schemes have been proposed for multiple periodic CSI reporting in a subframe in [3-10]. The contribution discusses and analyzes these candidate schemes, and trade-off analysis is also provided.    
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. In Rel-10, the maximum payload size carried by PUCCH Format 3 is 21 bits, which can be extended to 22 bits by using a dual (32, 11) RM coding. Considering that the maximum payload size of periodic CSI for single cell is 11 bits, PUCCH format 3 can support at least two periodic CSI reporting in a subframe. That is, when the number of periodic CSI that are to be transmitted in a subframe is not more than 2, all the periodic CSI information can be transmitted on PUCCH format 3. When more than two periodic CSI are to be transmitted in a subframe, the following two alternatives can be considered to determine the reported CSI information. 
Alternative 1:  The reported CSI information only corresponds to two cells 
When more than two periodic CSI are to be transmitted in a subframe, only the CSI information corresponding to the two cells with the periodic CSI report of higher priority will be reported. The priority for periodic CSI only in Rel-10 can be reused. 
Alternative 2:  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. If the total bits of CSI are less than the bits that PUCCH format 3 can support, all of the CSI can be reported simultaneously in a given subframe (Figure 1a). If after the part of CSI from multiple CCs with higher priority is filled in PUCCH format 3 of the given subframe, the left room cannot contain the CSI with the next priority, then all the lower priority parts can be dropped completely (Figure 1b and 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:
· Existing PUCCH format and thus it has low specification impact and low implementation and testing complexity.
· 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 modified PUCCH format 3   
In order to increase the payload size, PUCCH format 3 can be modified by reducing the number of reference signals and the spreading factor of the orthogonal cover code. For example, the spread factor of 2 can be used with 1 RS per slot as shown in [5] and the spread factor of 3 can be used with 1 RS as shown in [11]. As shown in Table 1, the payload size of modified PUCCH format 3 with SF=2 is large enough to carry up to 5 periodic CSI reports and modified PUCCH format 3 with SF=3 can carry up to four periodic CSI reports if the payload size of each periodic CSI report is 11 bits. However, the multiplexing capacity decreases for modified PUCCH format 3 and extra complexity on specification and implementation is expected. 
The pros and cons of multiple periodic CSI reporting using modified PUCCH format 3 are as follows:

· Pros:
· The payload size increases and thus it can contain more periodic CSI reports in a subframe.
· Cons:
· New PUCCH format and thus it will introduce significant impact on specification.
· Increasing complexity. Requiring eNB and UE to implement the new format.
· The UE multiplexing capacity decreases compared to PUCCH format 3.
2.3 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.    
Reporting content

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

Alternative 1:  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, considering that 288 coded bits can be carried by PUSCH with one PRB, the resource is redundant for the UEs with good channel condition. Secondly, the case of 5 aggregated cells is rare, so the code rate for most of the cases is lower compared to the case of 5 aggregated cells, and thus more resource is wasted. Thirdly, even in the case of 5 aggregated cells, the probability of 55-bit CSI report is low considering it can only be achieved when the reporting instance of all the 5 cells is the same and 11-bit report is used for all the 5 cells.
· 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 2:  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 1 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.
In this alternative, the total periodic CSI information bits for each cell will increase because of combining the wideband reporting and subband reporting, thus it can improve the UL resource utilization efficiency. In addition, it reduces the CSI reporting instances in time-domain, thus although the multiplexing capacity is still low in each reporting instance, the total UL overhead is low because of less reporting instances in time-domain. However, it will need more standardization effort compared to alternative 1.
Resource assignment

How to indicate the resource for periodic PUSCH needs to be considered. As described in [10], the resource for periodic PUSCH can be either dynamically scheduled with UL Grant, or semi-statically scheduled with RRC signalling, or semi-persistent scheduled. Details can be found in [10].
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;
· Existing format and thus it has low complexity on specification, implementation and testing.
· Cons:
· Lowest multiplexing capacity.
· More UL overhead and low UL resource utilization efficiency with alternative 1.  
· Extra complexity on combining CSI reporting content with alternative 2.
For multiple periodic CSI reporting using periodic PUSCH with alternative 2 for determining the reporting content, although it will increase a little complexity, it can improve the resource utilization efficiency and reduce the UL overhead, thus it is slightly preferred compared to the one with alternative 1.
2.4 Summary of the discussions   
In this section, we summarize the discussion of the candidate schemes as shown in Table 1. Since modified PUCCH format 3 needs large amount of standardization effort and increases complexity on the implementation and testing, it is not a better choice compared to other schemes. 

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 2.3, alternative 2 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 compared to the one with alternative 1.
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 2 to determine the reporting content is used.
Table 1: Summary of discussions
	
	PUCCH format 3
	Modified PUCCH format 3
	Periodic PUSCH

	Maximum Payload (code rate 1/2)
	22 bits
	72 bits for SF=2;

48 bits for SF=3;
	144 bits

	UE multiplexing capacity (1 PRB)
	5
	2 for SF=2;

3 for SF=3;
	1

	Specification impact
	Low
	High
	Low

	Complexity
	Low
	Medium
	Low

	UL overhead
	Low
	Medium
	High for alternative 1*;

Low for alternative 2*;


* Alternative 1 and alternative 2 are the schemes to determine the reporting content as discussed in section 2.3.
3 Trade-off analysis  
The trade-off analysis of the candidate schemes for multiple periodic CSI reporting in a subframe is shown in figure 4. From the analysis, we can see that both PUCCH format 3 and periodic PUSCH with alternative 2 for determining the reporting content can avoid dropping CSI frequently and thus avoid heavy impact on DL throughput, meanwhile they have low UL overhead and complexity on specification and implementation. Thus, either PUCCH format 3 or periodic PUSCH with alternative 2 for determining the reporting content can be considered to support multiple periodic CSI reporting in a subframe in Rel-11.
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Figure 4. Trade-off analysis for candidate schemes for multiple periodic CSI reporting in a subframe.
4 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 and 3, we have the following proposal:

Proposal: Either PUCCH format 3 or periodic PUSCH for multiple periodic CSI reporting in a subframe can be considered in Rel-11.
· For periodic PUSCH, the reporting content is determined by combining the periodic CSI information for wideband/subband reporting and for multiple cells into a subframe.
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