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1. Introduction
In RAN1#82bis meeting, CSI feedback related issues were discussed. The following agreements were made:

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

· 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 8RRC 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 the remaining issues of CSI feedback for CA with up to 32 CCs. for
2. Discussion
2.1. P-CSI related
2.1.1. P-CSI

It was agreed that For the PUSCH-like new PUCCH format without CDM, one PRB can only be used by one UE. When the number of P-CSI bits is relatively small, always using such new PUCCH format to transmit P-CSI will result in inefficient PUCCH resource usage. Thus, when the number of P-CSI bits is smaller than 23, PUCCH format 3 should also be considered to transmit P-CSI. And the new PUCCH format including CDM should be used to carry medium P-CSI payload.
Proposal 1：PUCCH format 3 and PUSCH-like new PUCCH format with CDM should also be used for multi-cell P-CSIs.
It was agreed that up to two UE specific multi P-CSI resources are configured by the eNB in the last meeting, but it is FFS for the UE how to select the configured resources to transmit the P-CSI. A simple way is that the UE chooses the multi P-CSI resource based on the P-CSI payload needed to be transmitted and the maximum supportable payload of the multi P-CSI resource. In this way, the UE first determines the multi P-CSI resource(s) with maximum supportable payload larger than the P-CSI payload needed to be transmitted. If more than one multi P-CSI resources are determined in the first step, the multi P-CSI resource with minimum supportable payload is finally selected for the P-CSI transmission. For example, two multi P-CSI resources are configured for a UE. The maximum supportable payload is 23 for one of the multi P-CSI resource (#1) and is 128 for the other (#2). Suppose the payload of P-CSI needed to be transmitted on the current subframe is 22, both the configured multi P-CSI resource can support such payload. And finally, the UE will select the multi P-CSI resource with payload of 23 (multi P-CSI resource #1) to transmit the P-CSI. 
Proposal 2：UE chooses the multi P-CSI resource based on the P-CSI payload needed to be transmitted and the maximum supportable payload of the multi P-CSI resource.
2.1.2. P-CSI and HARQ-ACK/SR

The channel coding, resource allocation and corresponding higher-layer configuration parameters for simultaneous transmission of HARQ-ACK/SR and CSI were determined in the last meeting. In the section, we discuss the remaining issues. 
PUCCH Resource determination
Up to now, there are 4 containers for HARQ-ACK transmission: PUCCH format 1a/1b, PUCCH format 3, PUSCH-like new PUCCH format without CDM (denote as PUCCH format 4 for convenience) and PUSCH-like new PUCCH format including CDM (denote as PUCCH format 5). And for P-CSI, PUCCH format 2 is used when only one P-CSI is transmitted. And when there are multiple P-CSIs needed to be transmitted, up to two multi P-CSI resources are configured, and each resource may correspond to different PUCCH format. As proposed in section 2.1.1, PUCCH format 3/4/5 can be configured as the multi P-CSI resource. That is, all PUCCH format 3/4/5 can be used for P-CSI and/or HARQ-ACK/SR transmission. When there are HARQ-ACK/SR and multiple P-CSIs simultaneously transmitted in the same subframe, how to determine the PUCCH resource for simultaneous transmission of P-CSI and HARQ-ACK/SR should be discussed. Following procedures can be considered.
· Step 1: Determine the PUCCH resource(s) that can support simultaneous HARQ-ACK/SR and P-CSI transmission based on the PUCCH resource configured for HARQ-ACK/SR transmission, PUCCH resource configured for P-CSI transmission, and the higher-layer parameter indicating whether simultaneous transmission of HARQ-ACK/SR and P-CSI is supported for the corresponding configured PUCCH resources.
· Step 2: Select one PUCCH resource for simultaneous HARQ-ACK/SR and P-CSI transmission if multiple PUCCH resources are determined in Step 1. Otherwise, Step 2 can be skipped. The PUCCH resource selection can based on one of the following criterions: 
· Selection criterion 1: select the PUCCH resource that can support the payload of HARQ-ACK/SR and P-CSI with minimum supportable payload. If multiple PUCCH resources are available, the PUCCH resource configured for multi P-CSI is chosen.
· Selection criterion 2: select the PUCCH resource that can support the payload of HARQ-ACK/SR and P-CSI with maximum supportable payload. If multiple PUCCH resources are available, the PUCCH resource configured for multi P-CSI is chosen.
Selection criterion 1 aims at higher resource usage efficiency. Criterion 2 targets for better UCI detection performance.  
In case the PUCCH resource for HARQ-ACK transmission is PUCCH format 1a/1b, the UE may use the multi P-CSI resource for simultaneous transmission of HARQ-ACK and P-CSI. Then it should be considered how to resolve the ambiguity on the UCI codebook due to DTX. One solution is that fixed number of HARQ-ACK bits are appended at the end of P-CSI bit sequence.
Proposal3：HARQ-ACK/SR  and P-CSI simultaneous transmission should be taken into account of PUCCH resource determination.
Bit sequence ordering
In last meeting, the channel coding for simultaneous transmission of HARQ-ACK/SR and P-CSI on new PUCCH format was agreed as following:

Agreements: 

· For the PUSCH-like new PUCCH format,

· If there is HARQ-ACK or HARQ-ACK+SR only,

· HARQ-ACK and SR (1-bit) is jointly encoded.

· If there is multi-cell P-CSIs only,

· Multi-cell P-CSIs are jointly encoded.

Agreements:
· If there is HARQ-ACK/SR + multi-cell P-CSIs, 

· Joint coding for HARQ-ACK/SR + multi-cell P-CSIs.
In Rel-11, simultaneous transmission of HARQ-ACK/SR and single cell P-CSI is supported on the HARQ-ACK PUCCH format 3 resource. Joint coding is applied and the bit sequence is generated as illustrated in Figure 1. P-CSI is concatenated at the end of HARQ-ACK/SR,
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Figure 1: Concatenation of HARQ-ACK/SR and P-CSI in Rel-11.

When the new PUCCH format 4 is used to transmit HARQ-ACK/SR and P-CSI, the bit sequence generation in Rel-11 can be reused. That is, P-CSI is concatenated at the end of HARQ-ACK/SR. As mentioned above, the PUCCH resource used for simultaneous HARQ-ACK/SR and P-CSI transmission can be the PUCCH resource configured for HARQ-ACK or the PUCCH resource configured for P-CSI, the bit sequence ordering can also be based on the PUCCH resource used for transmission. For example, if the PUCCH resource used is the HARQ-ACK PUCCH resource, P-CSI is appended at the end of HARQ-ACK/SR. otherwise, HARQ-ACK/SR is concatenated behind P-CSI.
Proposal 4: The bit sequence of HARQ-ACK/SR and P-CSI is generated based on the PUCCH resource used for simultaneous transmission.

2.2. A-CSI related
In current stage, most issues about A-CSI are settled down. The only remaining issue for is to confirm the following working assumption

Working assumption:
· For A-CSI reporting without UL-SCH,

· Maximum number of PUSCH PRBs is [24 or 32 or 30 or 45].
When the number of allocated PRB for A-CSI transmission is too small, the performance of A-CSI can not be guaranteed. While if the number of allocated for A-CSI transmission is too large, the UL resource overhead should be considered. Taking the standard impact, A-CSI performance and UL resource usage into account, we think 45 is a good choice.
Proposal 5: For A-CSI reporting without UL-SCH,

· Maximum number of PUSCH PRBs is 45.
3. Conclusion
In this contribution, we discuss the remaining issues of P-CSI and A-CSI. In summary, we propose:

Proposal 1：PUCCH format 3 and PUSCH-like new PUCCH format with CDM should also be used for multi-cell P-CSIs.
Proposal 2：UE chooses the multi P-CSI resource based on the P-CSI payload needed to be transmitted and the maximum supportable payload of the multi P-CSI resource.

Proposal3：HARQ-ACK/SR  and P-CSI simultaneous transmission should be taken into account of PUCCH resource determination.
Proposal 4: The bit sequence of HARQ-ACK/SR and P-CSI is generated based on the PUCCH resource used for simultaneous transmission
Proposal 5: For A-CSI reporting without UL-SCH,

· Maximum number of PUSCH PRBs is 45.
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