Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #83	R1-157139
Anaheim, USA, 15th - 22th November 2015
Agenda Item:	6.2.2.1.3
Source:	InterDigital Communications
Title:	Remaining aspects of periodic CSI feedback on PUCCH
Document for:	Discussion and decision

Introduction
In RAN1#82bis, the following agreements was made about periodic CSI feedback [1]:
	· 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 32 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) 



This contribution addresses the FFS aspects of the above agreement and the case of simultaneous HARQ-ACK and multiple periodic CSI transmissions.
[bookmark: _Ref434235597]Multiple periodic CSI
The agreement in [1] provides the possibility for the network to configure up to two configurations for multiple periodic CSI transmissions on PUCCH. Each such multi P-CSI resource may consist of a format, resource and maximum supported payload. Resource reuse between different UE’s can be improved by assigning different multi P-CSI resources to a UE in different subframes.
The exact selection mechanism for the multi P-CSI resource needs to be determined. A natural starting point is that the resource should be dependent on the semi-static configuration. Therefore, we propose to agree on the following principle:
Proposal 1: The selection of the multi P-CSI resource in a subframe is only dependent on the semi-static configuration.
In Release 12, periodic CSI reports are configured independently for each serving cell. The configuration includes a PUCCH resource and an indication of the period and offset of the reports. Keeping the same principle for R13, the set of periodic CSI reports that can potentially be transmitted in a given subframe is always known based on the corresponding frame and slot numbers. 
One can consider different potential selection criteria that are only dependent on the semi-static configuration. One possible criterion could be the total payload of periodic CSI reports configured to be transmitted in the subframe (i.e. before dropping). One of the configured resource can be selected unless the total payload exceeds the maximum configured for this resource, and otherwise the other resource is selected. This solution does not require any additional RRC parameter.
Another possibility would be to extend the R10 principle by selecting a multi P-CSI resource associated with the periodic report that has the highest priority among those configured to be transmitted in the subframe. The network can control which multi P-CSI resource is used in a particular subframe by properly configuring the multi P-CSI resource associated to each serving cell periodic CSI configuration, taking into account the existing priority rules. This solution thus requires an additional RRC parameter for each serving cell to indicate which of the two multi P-CSI resources is associated to the periodic CSI configuration of this cell.
Proposal 2: Adopt one of the following solutions for the selection of multi P-CSI resource in a subframe where more than one periodic CSI report is transmitted, when two multi P-CSI resources are configured:
(a) Select the first configured multi P-CSI resource if the total payload of periodic CSI reports configured to be transmitted in the subframe does not exceed the maximum configured payload for the resource; otherwise select the second configured multi P-CSI resource;
or
(b) Select the multi P-CSI resource associated to the periodic CSI report of highest priority in the subframe as per the periodic CSI configuration of the corresponding cell.

Another aspect left FFS from the agreement is whether the multi P-CSI resource can use another PUCCH format than the PUSCH-like format (i.e. PUCCH format 4), such as PUCCH format 3 or format 5. Considering that there are scenarios where the number of configured serving cells will be significantly less than 32, it would seem reasonable to allow configuration of PUCCH formats with lower overhead for the transmission of multiple CSI reports in a subframe. 
Proposal 3: Each multi P-CSI resource can be configured with a PUCCH format (3, 4 or 5).
Multiple periodic CSI and HARQ-ACK
The case of simultaneous transmission of multiple periodic CSI reports and of HARQ-ACK/SR on PUCCH also needs to be addressed. One aspect is the determination of the PUCCH resource. Considering that the resource requirement with dynamic codebook adaptation is dependent on the HARQ-ACK payload in the subframe, it seems natural to continue to follow the R11 rule, i.e. the PUCCH resource is the one indicated by ARI (and not one of the configured multi P-CSI resources) except in case of a single assignment on the PCell.
Another aspect is the payload of the transmission. To ensure reliability of HARQ-ACK in power-limited scenarios it would seem reasonable to define a maximum payload for the combination of HARQ-ACK and CSI. Similar to R11, the payload available for CSI may then be determined after subtracting the number of spatially bundled HARQ-ACK bits based on the codebook. The maximum payload could be configured independently from the one(s) configured as part of the multi P-CSI resources used for transmission of P-CSI only.
Proposal 4: In case of simultaneous transmission of HARQ-ACK/SR and CSI on PUCCH format 4 or 5:
· The UE transmits on the PUCCH resource indicated by ARI;
· HARQ-ACK bits are spatially bundled;
· A maximum payload is configured for the combination of HARQ-ACK/SR and P-CSI
· P-CSI reports may be dropped according to R12 priority rules  



Conclusion
This contribution discussed remaining aspects of periodic CSI feedback on PUCCH for carrier aggregation of up to 32 carriers. The following proposals are made:
Proposal 1: The selection of the multi P-CSI resource in a subframe is only dependent on the semi-static configuration.
Proposal 2: Adopt one of the following solutions for the selection of multi P-CSI resource in a subframe where more than one periodic CSI report is transmitted, when two multi P-CSI resources are configured:
(a) Select the first configured multi P-CSI resource if the total payload of periodic CSI reports configured to be transmitted in the subframe does not exceed the maximum configured payload for the resource; otherwise select the second configured multi P-CSI resource;
[bookmark: _GoBack]or
(b) Select the multi P-CSI resource associated to the periodic CSI report of highest priority in the subframe as per the periodic CSI configuration of the corresponding cell.

Proposal 3: Each multi P-CSI resource can be configured with a PUCCH format (3, 4 or 5).
Proposal 4: In case of simultaneous transmission of HARQ-ACK/SR and CSI on PUCCH format 4 or 5:
· The UE transmits on the PUCCH resource indicated by ARI;
· HARQ-ACK bits are spatially bundled;
· A maximum payload is configured for the combination of HARQ-ACK/SR and P-CSI
· P-CSI reports may be dropped according to R12 priority rules  
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