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1. Introduction
At the RAN1#82bis meeting, potential enhancements to periodic CSI feedback were discussed, and following agreements were achieved [1].

	Agreements:

· 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.


Furthermore, one WF on periodic CSI reporting configuration was agreed [2].
	· 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 CCs

· 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, remaining details about multi-cell P-CSIs on a PUCCH format are discussed. Other issues regarding UE behaviors for multiple periodic CSI feedback with HARQ-ACK and remaining details of the new PUCCH formats are discussed in our companion contribution [3] and [4].  
2. Views on multi-cell P-CSIs reporting on a PUCCH format
It was agreed that the periodicity and offset of P-CSI reporting and corresponding PUCCH format 2 resource are configured per-CC basis as in existing per-CC P-CSI configuration. In addition, up to two multi P-CSI resources are configured. Depending on the periodicity and/or offset of multiple per-CC P-CSI configurations, different number of P-CSI will occur in different subframes. Multi-cell P-CSIs are multiplexed on one PUCCH based on the configuration of multi P-CSI resource when more than one P-CSIs occur in a subframe. 
First of all, we consider that PUCCH format 5 should be able to be used as a PUCCH format for multi P-CSI transmission. In case of PUCCH format 4, different number of PRBs is allowed as part of PUCCH resource configuration. Since PUCCH format 5 can be considered as 1/2 PRB version of PUCCH format 4, allowing configuration of PUCCH format 5 is quite similar with allowing configuration of PUCCH format 4 with different number of PRBs. The PUCCH format 5 is useful to reduce UL overhead of periodic CSI reporting.
Proposal 1:

· PUCCH format 5 is configurable as a PUCCH format for multi P-CSI resource.

According to the agreements, up to two multi P-CSI resources for multi P-CSI transmissions are configured for a UE. The main benefit of configuring more than one multi P-CSI resources is to select an appropriate PUCCH format/resource for the given multi-cell P-CSI reports such that the selected PUCCH format/resource is appropriate in terms of PUCCH capacity, UL overhead, and performance. Therefore, it is reasonable to consider that when a UE is configured with two multi P-CSI resources, the PUCCH format/resource of the two multi P-CSI resources would not be the same. Given the understanding, following UE behavior can be feasible.
When concurrent multiple P-CSIs need to be transmitted in a subframe where two multi P-CSI resources are configured, UE shall first check if the PUCCH format/resource of the two multi P-CSI resources with the configured maximum supportable payload or code rate can accommodate the total payload or code rate of the concurrent multiple P-CSIs. If only one of the two multi P-CSI resources satisfies the condition of maximum supportable payload or code rate, that multi P-CSI resource is selected; if both of them satisfies the condition, select the one that has the smallest UL overhead (i.e., UL overhead is PUCCH format 5 < PUCCH format 4 with 1 PRB < PUCCH format 4 with 2 PRBs < …). If neither of them satisfies the condition, select the one that has the largest UL overhead and the UE shall drop some P-CSIs with lower priority so that the selected multi P-CSI resource accommodates the payload or the code rate of the concurrent multiple P-CSIs. One example is shown in Fig. 1. eNB configures two multi P-CSI resources with different payload: PF4(1) is 1-PRB PUCCH format 4 with maximum payload of three P-CSI reports, while PF4(2) is 2-PRB PUCCH format 4 with maximum payload of eight P-CSI reports. UE chooses one of multi P-CSI resources based on the payload when there are multiple P-CSIs occur in one subframe. 
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Fig.1. UE behavior on selection of multi P-CSI resource.
Proposal 2:

· When a UE is configured with two multi P-CSI resources, 
· if one of them accommodates all the per-CC P-CSIs within the configured maximum supportable payload or coding rate, that multi P-CSI resource is selected to use, and

· if both of them accommodates all the per-CC P-CSIs within the configured maximum supportable payload or coding rate, the one with smaller UL overhead is selected to use, and

· if neither of them accommodates all the per-CC P-CSIs within the configured maximum supportable payload or coding rate, the one with larger UL overhead is selected to use, and drop some P-CSIs such that the payload or code rate is within the maximum supportable payload or coding rate configured by higher-layer. 

Another FFS is whether 8 RRC signalling indicates maximum payload or code rate. Since there are many factors that can impact the supportable payload, e.g., whether it is PUCCH format 4 or PUCCH format 5, whether it is shortened PUCCH or not, whether it is single PRB or multiple PRBs, it is difficult to define the supportable payload of each multi P-CSI resource. However, the maximum code rate can be defined as a unified limitation factor irrespective of the PUCCH format and the number of PRBs, etc. Therefore, maximum code rate, up to 8 RRC signaling states, should be configured for a multi P-CSI resource.
Proposal 3:

· Maximum supported code rate should be configured for a multi P-CSI resource.

· If the maximum is exceeded, the UE should drop P-CSI reports according to Rel. 12 priority rules until supported code rate is not exceeded.
Regarding the power control related parameters for multi P-CSI resource(s), whatever PUSCH-based or PUCCH-based power-control formula is adopted for the new PUCCH format [4], it is beneficial to separate TPC parameter from the one for HARQ-ACK so that different BLER target between P-CSIs only and HARQ-ACK with/without P-CSIs can be achieved. Note that the power-control parameter included in the configuration of multi P-CSI resource is used when multi-cell P-CSIs only is transmitted on the PUCCH format/resource. If there is HARQ-ACK and/or SR, the BLER target should be tighter and hence the power-control parameter configured for HARQ-ACK/SR feedback should be used in this case.
Proposal 4:

· Separate power control parameters between P-CSIs only and HARQ-ACK should be introduced to achieve different BLER target.
3. Conclusion
In this contribution, we discussed remaining details about multi-cell P-CSIs on a PUCCH format in Rel. 13 CA and proposed the following.
Proposal 1:

· PUCCH format 5 is configurable as a PUCCH format for multi P-CSI resource.

Proposal 2:

· When a UE is configured with two multi P-CSI resources, 
· if one of them accommodates all the per-CC P-CSIs within the configured maximum supportable payload or coding rate, that multi P-CSI resource is selected to use, and

· if both of them accommodates all the per-CC P-CSIs within the configured maximum supportable payload or coding rate, the one with smaller UL overhead is selected to use, and

· if neither of them accommodates all the per-CC P-CSIs within the configured maximum supportable payload or coding rate, the one with larger UL overhead is selected to use, and drop some P-CSIs such that the payload or code rate is within the maximum supportable payload or coding rate configured by higher-layer. 

Proposal 3:

· Maximum supported code rate should be configured for a multi P-CSI resource.

· If the maximum is exceeded, the UE should drop P-CSI reports according to Rel. 12 priority rules until supported code rate is not exceeded.
Proposal 4:

· Separate power control parameters between P-CSIs only and HARQ-ACK should be introduced to achieve different BLER target.
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