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1
Introduction
Since the CSI feedback periodicity and offsets for CA are configured independently for each of the CCs, the collision among different CSI reports in the same instance can occur occasionally. To handle such an issue, CSI-dropping mechanism based on cell ID is adopted in Rel. 10. To avoid performance degradation due to CSI dropping, supporting periodic CSI reports multiplexing is considered as one potential feature of CA enhancement in Rel. 11.  In order to report CSI of multiple cells simultaneously in the same subframe, many companies have suggested using PUCCH format 3, which provides reasonable payload size for CSI reports of up to two CCs. However, this is not sufficient to handle the cases with more than two simultaneous CSI reports, not to mention the scenarios that also involve feedback required for some other features such as CoMP and ICIC. In this paper, we aim to propose several different compression-based approaches that have potentials to further increase the feedback efficiency when there are multiple CSI reports to be multiplexed in the same subframe. 
2
CQI Compression
When the collision occurs and the payload size of PUCCH format 3 is insufficient to report CSI for multiple CCs, we may reduce the feedback load per CC by decreasing the granularity of CQI. Here we introduce two possible approaches, namely CQI-table shrinking and differential CQI feedback.
2.1 CQI-Table Shrinking
Upon CSI report collision, the UE could select the CQI index for the CSI report of each CC from a subset of the original CQI table. The subset could be either fixed or dependent on the CQI value reported in an earlier feedback instance. Figure 1 shows an example of CQI table shrinking reduced in response to CSI collision:
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Figure 1: An example of CQI table shrinking, the CQI subset is consisted of entries embraced by a red box.
In Figure 1, the CQI feedback burden for each CC is reduced by 50% (from 4 bits to 2 bits). Note that the subset and its size could be dynamically re-configured.

2.2 Differential CQI Feedback
Alternatively, if the UE mobility is sufficiently low, we may send the CQI reports for each CC involved in report collision in a differential fashion. Instead of directly reporting the CQI index, the difference between the instantaneous CQI value, CQIt, and the previously reported CQI value, CQIt-1, for each CC is sent on feedback:

△CQIt = CQIt - CQIt-1
where t represents the reporting instance index. 
Table 1 shows an example of the differential feedback configuration with 2 bits:
	Bits
	CQI Difference (△CQIt)

	00
	0

	01
	+1

	11
	-1

	10
	>-3


Table 1: An example of differential CQI configuration.
This is also possible to report the CQI difference between CCs that are to be multiplexed in the same subframe, if high correlation among the channels of these CCs can be anticipated.
Proposal 1: 

· CQI compression mechanisms such as CQI-table shrinking and differential CQI feedback can be considered to further improve the efficiency of periodic CSI reporting for CA using PUCCH format 3.
3
PMI Compression

When the collision occurs and the payload size of PUCCH format 3 is insufficient to report CSI for multiple CCs, we may reduce the feedback load per CC by limiting the feedback PMI to a subset in the codebook. Here we introduce one possible approach, namely subset-restricted PMI feedback.

3.1 Subset-restricted PMI Feedback
When the UE mobility is sufficiently low, we may report the PMI in a subset-restricted approach.  We define an associated candidate set for each entry of the codebook, such a candidate set is a subset of PMIs in the codebook. For instance, the codebook with one layer shown in Table 2, one of possible solutions for the candidate sets is listed in Table 3. The proposed PMI feedback method for each CC is described as follows.  At time 
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, the feedback PMI belongs to the candidate set of PMI = k, where k is the PMI fed back by a UE at time 
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 is the PMI report period. For example, if the feedback PMI is “0” at time 
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, then the next feedback PMI must belong to the candidate set {0, 9, 11, 4, 7, 12, 13, 14} of PMI = 0 at time 
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 (see Table 3).  Then we may choose PMI = 1 to feed back. So at time 
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, the feedback PMI belongs to the candidate set {1, 8, 10, 4, 5, 12, 13, 14} of PMI = 1. The process is then repeated during the communication. The bit mapping for Table 3 is listed in Table 4.  Based on Table 3, we only need to feed back PMI using 3 bits. The feedback overhead is reduced from 4 bits to 3 bits (25 %  PMI overhead reduction ratio).  Note the size of each candidate set can be different.  
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	Table 2: Codebook for transmission on antenna ports
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 and for CSI reporting based on antenna ports 
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  (Table 6.3.4.2.3-2 in TS 36.211)
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Candidate set of PMls (3 bits)

0 0,9,11,4,7,12,13,14
1 1,8,10,4,5,12,13,14
2 2,9,11,5,6,12,13,14
3 3,8,10,6,7,12,13,14
4 4,0,1,8,9,12,15,2

5 51,2,910,13,14,0
6 6,2,3,10,11,13,14,0
7 7,0,3,8,11,12,15,1
8 8,1,3,4,7,12,13,14
9 9,0,2,4,5,12,13,14
10 10,1,3,5,6,12,13,14
11 11,0,2,6,7,12,13,14
12 12,4,7,0,1,2,3,8

13 13,5,6,0,1,2,3,8

14 14,5,6,0,1,2,3,8

15 15,4,7,0,1,2,3,8






	Table 3: The candidate sets for all PMIs in the codebook with one layer.  
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	Table 4: Three-bit mapping table for each PMI candidate set.


Proposal 2: 

· PMI compression mechanisms such as subset-restricted PMI feedback can be considered to further improve the efficiency of periodic CSI reporting for CA using PUCCH format 3.
4
CSI-Report Field Omittance

Depending on the feedback type, each CSI report is consisted of fields such as RI, CQI and PMI. In order to multiplex multiple CSI reports in the same subframe, we may omit certain fields in each of the reports. For examples, if the CQI value for a particular CC has not change since the last reporting instance, the UE could omit the field of CQI so the total feedback for this CC is reduced. Note that this is different to CSI-dropping as only some fields are dropped in lieu of the whole report.
Proposal 3: 

· Study the feasibility of CSI compression for CA based on omitting certain CSI-report fields.
5
Conclusions

In this paper, we have described several directions that can be studied to improve the feedback efficiency of CSI multiplexing for CA operation. The specific proposals of this conclusion include: 
· CQI compression mechanisms such as CQI-table shrinking and differential CQI feedback can be considered to further improve the efficiency of periodic CSI reporting for CA using PUCCH format 3.
· PMI compression mechanisms such as subset-restricted PMI feedback can be considered to further improve the efficiency of periodic CSI reporting for CA using PUCCH format 3.
· Study the feasibility of CSI compression for CA based on omitting certain CSI-report fields.
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