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1 Introduction
To support up to 32 CCs in Rel-13 CA, the CSI feedback schemes need to be enhanced. For periodic CSI reporting, the following was agreed at RAN1 #81
· For a PUCCH CG, At least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 

At RAN1 #82, the following was agreed for P-CSI reporting
· The PUCCH format with PUSCH-like structure can be used to carry
· P-CSIs for multiple serving cells
· FFS: P-CSIs for multiple serving cells and HARQ-ACK for at least  one serving cell
·  FFS: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits
In this contribution, we discuss the enhancements to periodic CSI reporting. The enhancements to aperiodic CSI reporting are discussed in a companion paper [1].
2 Discussion
In LTE Rel-10/11/12 CA, periodic CSI reporting is independently configured for each component carrier via RRC. In Rel-10, when periodic CSI is to be reported in a subframe where multi-cell HARQ-ACK feedback is to be transmitted, periodic CSI report will be dropped. In Rel-11, the periodic CSI for one serving cell and multi-cell HARQ-ACK (including SR) can be transmitted together via PUCCH Format 3. In case of collision of multi-cell P-CSI reporting, only the one with the highest priority is reported. 

In Rel-13, it is unclear whether/how to support P-CSI on carriers in unlicensed spectrum. The periodic CSI reporting can at least be independently configured for each licensed carrier. Given that a new PUCCH format will be defined to carry large UCI payload, this new PUCCH format can also be used to carry multi-cell P-CSI reports with or without HARQ-ACK feedback. In the following, we provide some further details regarding resource allocation and the multiplexing of multi-cell P-CSI reports with and without HARQ-ACK feedback.
2.1 Multi-cell P-CSI reports without HARQ-ACK feedback
Similar to P-CSI reporting using PUCCH format 2, a UE-specific PUCCH resource using the new PUCCH format can be configured by higher layer signaling for multi-cell P-CSI reporting. The PUCCH resource is not reserved in subframes without P-CSI reporting, i.e. the PUCCH resource can be used for PUSCH transmission if there is no P-CSI report in that subframe. For multiplexing of multi-cell P-CSI reports, one could define a maximum payload size such that the total information bits of the multi-cell P-CSI reports does not exceed the upper limit. Alternatively, one can configure the maximum number of P-CSI reports in one subframe. In both cases, some P-CSI reports may need to be dropped under certain conditions. The P-CSI dropping can be based on Rel-10 P-CSI priority rules. At RAN1 #82, the possibility of “autonomous” P-CSI dropping was discussed. It should be noted that the unpredictable UE behavior should be avoided in any case since this results in misunderstanding between the eNB and the UE which not only leads to eNB detection complexity but also performance degradation for the UE.
Proposal 1: 
· A maximum payload or a maximum number of P-CSI reports is defined for multiplexing of multi-cell P-CSI reports without HARQ-ACK feedback.

· Rel-10 P-CSI priority rule is reused for multiplexing of multi-cell P-CSI reports without HARQ-ACK feedback.
2.2 Multi-cell P-CSI reports with HARQ-ACK feedback
In Rel-11, a single cell P-CSI can be transmitted using the remaining bits after HARQ-ACK feedback bits (including SR) has been assigned. More specifically, if the total number of HARQ-ACK (before spatial bundling) and periodic CSI exceed the payload size of PUCCH format 3, spatial domain bundling is applied. If the total information bits of periodic CSI and HARQ-ACK bits (after spatial bundling) exceed the payload size of PUCCH format 3, periodic CSI is dropped. 
In Rel-13, a similar solution can be applied for multiplexing of multi-cell P-CSI reports and the HARQ-ACK feedback. The multi-cell P-CSI reports are transmitted in a best effort way after the HARQ-ACK feedback bits (including SR) has been allocated. For example, one could configure a maximum number of P-CSI reports N and P-CSI reports with the highest priority will be transmitted. The priority of the multi-cell P-CSI follows Rel-10 rules. HARQ-ACK spatial bundling is applied when needed, e.g. when not all the N cell P-CSI can be transmitted. Some P-CSI reports will be dropped when the total number of information bits exceeds the payload size of the new PUCCH format. 
Proposal 2: 
· The multi-cell P-CSI reports are transmitted using the remaining bits after the HARQ-ACK feedback bits (including SR) have been allocated.
Another related issue is when multi-cell P-CSI reports and HARQ-ACK feedback (including SR) occur in the same subframe, the UE behaviors regarding PUCCH format selection, PUCCH resource allocation and multiplexing of HARQ-ACK(SR) and P-CSI need to be defined. The Rel-10 and Rel-11 UE behaviors have been summarized in Table 1. As shown in this table, the selection of PUCCH format depends on whether there are PDSCH transmissions from the PCell and SCell, SR status, i.e. whether there is ARI to indicate the PUCCH format 3 resource. For example, when there is PDSCH transmission from SCell, PUCCH format 3 can be used to carry multi-cell HARQ-ACK and single-cell P-CSI. The PUCCH format 3 resource is indicated by the ARI field of (E)PDCCH for the SCell. As another example, when there is PDSCH transmission only from the PCell, the P-CSI should be dropped when there is a positive SR and the UE shall transmit HARQ-ACK on the assigned SR PUCCH resource. 
As discussed in [2], PUCCH format adaptation is beneficial for dynamic resource sharing with legacy UEs. The PUCCH format may depend on the total number of information bits transmitted in the current subframe. In order to avoid the changes to the existing PUCCH formats, one simple solution is to reuse the current Rel-11 UE behaviors when there is only PDSCH transmission on the PCell. In other cases when there is PDSCH transmission on SCell, the PUCCH format can be selected depending on the total number of information bits including HARQ-ACK, SR and P-CSI. If the total number of information bit is less than 23, PUCCH format 3 is used and the HARQ-ACK and single cell P-CSI can be transmitted following the existing procedure. If the total number of information bit is larger than 23, the new PUCCH format is used and the HARQ-ACK and multi-cell P-CSI can be transmitted following the procedure described above.  In both cases, the PUCCH resource is indicated by the ARI field on SCell. Note that for TDD the above UE behaviors can be applied when there is PDSCH transmissions with DAI value larger than 1.
Proposal 3: 
· The current UE behaviors regarding PUCCH format selection, PUCCH resource allocation and multiplexing of HARQ-ACK(SR) and P-CSI when there is only PDSCH transmission on the PCell is kept unchanged.
Proposal 4: 
· PUCCH format 4 is used to carry multi-cell HARQ-ACK and P-CSI in case the total number of information bits is larger than 23 bits and UE receives PDSCH transmission on SCell.
Table 1 PUCCH format selection in a subframe configured for periodic CSI reporting. 
	CSI
	SR
	Scell A/N
	Pcell A/N
	Rel-10
	Rel-11

	Yes
	SR+/−
	Yes
	Yes
	PF3
	PF3a

	Yes
	SR+/−
	Yes
	No
	
	

	Yes
	SR+
	No
	Yes
	PF1a/1b
	PF1a/1b

	
	SR−
	
	
	PF2a/2b
	PF2a/2b

	Yes
	SR+
	No
	No
	PF1
	PF1

	
	SR−
	
	
	PF2
	PF2

	Yes
	No
	Yes
	Yes
	PF3
	PF3a

	Yes
	No
	Yes
	No
	
	

	Yes
	No
	No
	Yes
	PF2a/2b
	PF2a/2b

	Yes
	No
	No
	No
	PF2
	PF2


3 Conclusions

In this contribution, we discussed the issue related to CSI feedback enhancement for Rel-13 CA. Based on the discussion, we have the following proposals:
Proposal 1: 

· A maximum payload or a maximum number of P-CSI reports is defined for multiplexing of multi-cell P-CSI reports without HARQ-ACK feedback.

· Rel-10 P-CSI priority rule is reused for multiplexing of multi-cell P-CSI reports without HARQ-ACK feedback.

Proposal 2: 
· The multi-cell P-CSI reports are transmitted using the remaining bits after the HARQ-ACK feedback bits (including SR) have been allocated.
Proposal 3: 

· The current UE behaviors regarding PUCCH format selection, PUCCH resource allocation and multiplexing of HARQ-ACK(SR) and P-CSI when there is only PDSCH transmission on the PCell is kept unchanged.
Proposal 4: 

· PUCCH format 4 is used to carry multi-cell HARQ-ACK and P-CSI in case the total number of information bits is larger than 23 bits and UE receives PDSCH transmission on SCell.
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