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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 #82bis
· A higher-layer parameter is introduced to enable/disable multi-cell P-CSIs + HARQ-ACK on a new PUCCH format
· If it is disabled, when the UE transmits HARQ-ACK/SR on the new PUCCH format, the UE does not include P-CSIs on the new PUCCH format
· Per-CC configuration of periodic CSI (up to 32 CCs) as rel-12
· Reporting mode, periodicity, subframe offset (separately for RI and CQI/PMI), PUCCH format 2 resource as in Rel-12
· The existing per-CC P-CSI configuration is extended to support up to 32
· Up to two UE specific configuration(s) for multi P-CSI transmission (“multi P-CSI resource ”), each including the following  
· PUCCH Format (new PUSCH-like PUCCH format, FFS: new PUSCH-like format with CDM, FFS: format 3)
· PUCCH Resource
· Max supported payload [bits or reports] or code rate, up to 8 RRC signaling states
· If the maximum is exceeded, the UE drops reports according to priority rules (Rel-12 rules as a baseline) until supported payload is not exceeded
· [Power control related parameters, common config for all UCI types]
· In a subframe where only one periodic CSI occurs, PUCCH format 2 is used as in Rel-12
· In a subframe where more than one periodic CSI occur, one of the multi P-CSI resource(s) is used
· FFS how to select one of the multi P-CSI resource(s) 
· FFS how to define a maximum number of CSI + HARQ-ACK/SR bits to be transmitted in one new PUSCH-like PUCCH resource in a subframe
In this contribution, we discuss some remaining details for periodic CSI reporting. The enhancements to aperiodic CSI reporting are discussed in a companion paper [1].
2 Discussion
In the following, we address 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
According to the agreements, a UE can be configured with up to two UE-specific resources for multi-cell P-CSI reporting. The configuration for each multi-cell P-CSI resource consists of PUCCH format, PUCCH resource and maximum supported payload or code rate. It was already agreed that PUCCH format 4 can be used here and it is straightforward to extend to PUCCH format 5. However, whether this should also be extended to PUCCH format 3 could be discussed further. In general, it is preferred not to change the UE behavior when a legacy PUCCH format is used from both UE and eNB complexity point of view. 
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 our view this is same as defining the maximum allowable code rate. 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.
When a UE is configured with two PUCCH resources for multi-cell P-CSI reporting and in a subframe where more than one periodic CSI occur, one of the multi P-CSI resource(s) shall be used. The remaining issue is which one should be selected. As a simple solution, one could first determine the total information bits that need to be reported within the subframe and then select the resource that could carry the payload and at the same time occupying fewer PRBs. The PUCCH format 5 resource can be regarded to occupy half PRB due to its CDM property. Note that the total information bits determined in the first step will be upper bounded by the maximum payload or maximum number of P-CSI reports configured by the RRC as described above. It may also be noted that the misconfiguration that neither of the PUCCH resource could carry the multi-cell P-CSI reports shall be avoided by the eNB.
Proposal 1: 
· A UE can be configured with up to 2 PUCCH resources using either PUCCH format 4 or PUCCH format 5 for multi-cell P-CSI reporting.
· 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.
· When a UE is configured with two PUCCH resources for multi-cell P-CSI reporting and in a subframe where more than one periodic CSI occur, the PUCCH resource that could carry the payload and at the same time occupying fewer PRBs is selected.
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/or SCell, the SR status, etc. For example, when there is PDSCH transmission from SCell, PUCCH format 3 is 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. One possible solution for PUCCH format adaptation is to determine the PUCCH format based on the total number of information bits transmitted in the current subframe. If the total number of information bit is less than 23, PUCCH format 3 is used. If the total number of information bit is larger than 23, the new PUCCH format is used. Once the PUCCH format is determined, one need to further determine how to the multiplex multi-cell HARQ-ACK and P-CSI reports. There are several cases as discussed below
· Case 1: When there is no ARI indicating a PUCCH resource, the semi-static configured PUCCH resource is used for HARQ-ACK/SR and multi-cell P-CSI transmission.
· Case 2: When there is ARI indicating a PUCCH format 3 resource, the ARI indicated PUCCH format 3 resource is used and the HARQ-ACK/SR and single cell P-CSI can be transmitted following the existing procedure.
· Case 3: When there is ARI indicating a PUCCH format 4/5 resource, the ARI indicated PUCCH resource is used and the HARQ-ACK/SR and multi-cell P-CSI transmission following the procedure described above.
 Proposal 3: 
· Case 1: When there is no ARI indicating a PUCCH resource, the semi-static configured PUCCH resource is used for HARQ-ACK/SR and multi-cell P-CSI transmission.

· Case 2: When there is ARI indicating a PUCCH format 3 resource, the ARI indicated PUCCH format 3 resource is used and the HARQ-ACK/SR and single cell P-CSI can be transmitted following the existing procedure.

· Case 3: When there is ARI indicating a PUCCH format 4/5 resource, the ARI indicated PUCCH resource is used and the HARQ-ACK/SR and multi-cell P-CSI transmission following the procedure described in Proposal 2.

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 UE can be configured with up to 2 PUCCH resources using either PUCCH format 4 or PUCCH format 5 for multi-cell P-CSI reporting.

· 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.
· When a UE is configured with two PUCCH resources for multi-cell P-CSI reporting and in a subframe where more than one periodic CSI occur, the PUCCH resource that could carry the payload and at the same time occupying fewer PRBs is selected.

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: 

· Case 1: When there is no ARI indicating a PUCCH resource, the semi-static configured PUCCH resource is used for HARQ-ACK/SR and multi-cell P-CSI transmission.

· Case 2: When there is ARI indicating a PUCCH format 3 resource, the ARI indicated PUCCH format 3 resource is used and the HARQ-ACK/SR and single cell P-CSI can be transmitted following the existing procedure.
· Case 3: When there is ARI indicating a PUCCH format 4/5 resource, the ARI indicated PUCCH resource is used and the HARQ-ACK/SR and multi-cell P-CSI transmission following the procedure described in Proposal 2.
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