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1
Introduction
One of the aspects related to CSI reporting on PUCCH is the prioritization and collision handling of the reports. Prioritization of CSI reports is necessary in cases where multiple periodic or semi-persistent CSI reports coincide, and PUCCH does not have capacity for transmitting all of them. From the specifications point of view there is also discrepancy between TS 38.213 and 38.214. While 38.213 describes how HARQ-ACKs, Scheduling Requests (SR) and CSIs are multiplexed, the corresponding description is missing in 38.214 for the case of multiple CSI reports without HARQ-ACK or SR. Related discussion took place in RAN1-AH-1801, where the following was agreed:
Agreement:
The following CSI priority rules apply:

· Reports are first prioritized according to Rule #1, then according to Rule #2 if they have the same priority according to Rule #1, and so forth…

· Rule #1: Time-domain behaviour / channel (AP-CSI > SP-CSI on PUSCH > SP-CSI on PUCCH > P-CSI)

· Rule #2: CSI content (Beam reports > CSI)

· Applies only for all periodic reports and semi-persistent reports intended for PUCCH

· Rule #3: cellID (PCell > PSCell > other cell IDs in increasing order)

· Applies only for all periodic reports and semi-persistent reports intended for PUCCH

· Rule #4: csiReportID (in increasing order)

· Applies only for all periodic reports and semi-persistent reports intended for PUCCH

Agreement:

· For each PUCCH-based CSI Report, a PUCCH resource for each candidate UL BWP is configured, where the configuration of a resource contains PUCCH format (2,3, or 4), and the necessary parameters to define the PUCCH resource
· The parametrization follows that of each PUCCH Format
Agreement:
· Support configuring the UE with J>=1 PUCCH resource configuration per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate))

· In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped

· The number of included CSI reports is determined by the configured maximum code rate of the multi-CSI PUCCH resource 

· This applies to CSI only transmission on PUCCH, i.e. not multiplexed with HARQ-ACK

· The PUCCH resource for carrying multiple CSI reports does not need to be configured to a UE

· FFS if periodicity of multi-CSI resource needs to be defined

· FFS value of J

· Exact mechanism TBD in RAN1#92

In this contribution, we present our views on the remaining related open issues.
2  
Multi-CSI reporting on PUCCH

As agreed in RAN1-AH-1801, NR supports configuration of at least one PUCCH resource to carry multiple CSI reports. In the following we discuss the related details. 

When there is only one CSI report scheduled to be transmitted in a given slot, the UE shall use the PUCCH resource indicated by the pucch-CSI-ResourceIndex. However, in the case of a collision the resource configured for the non-collision case is likely insufficient. Following the agreement from the email discussion [90b-NR-37], LTE mechanism is the baseline for UCI multiplexing. 
Basic principles of Multi-cell periodic CSI reporting in LTE Rel-13 are as follows:

1. Per-cell configuration of periodic CSI is as in Rel-12

· Reporting mode, periodicity, subframe offset (separately for RI and CQI/PMI), PUCCH format 2 resource are configured as in Rel-12

· The existing per-cell periodic-CSI configuration is extended to support up to 32 CCs
2. Up to two UE specific configuration(s) for multi P-CSI transmission (“multi P-CSI resource”), each including indication of:  

· PUCCH Format (Format 4 or Format 5)

· PUCCH Resource

· Max supported code rate, indicated with up to 8 RRC signaling states

3. In a subframe where only one periodic CSI occurs, PUCCH format 2 is used as in Rel-12

4. In a subframe where more than one periodic CSI occurs, one of the multi P-CSI resource(s) is used

We see that similar mechanism needs to be added to NR to align the TS 38.214 with the agreement from [90b-NR-37] and the description already in place in TS 38.213. 

Regarding the number of multi-CSI PUCCH configurations, one needs to consider the use cases for such configurations. In our opinion, when a UE is configured with multiple component carriers and or beams, the gNodeB would typically like to get relevan CSI for all carriers/beams at the same time. Considering specifically PUCCH based reporting, this seems practical, since the NR PUCCCH formats support relatively large payloads, and on the other hand at least some of the CSI reporting format intended for PUCCH are quite compact. Therefore, it seems that multiplexing CSI reports on one PUCCH is rather typical.

On the other hand, different CSI types have quite different payloads and inherently varying reliability requirements. As an example, the gNB may want to ensure higher reliability for e.g. CRI, which may be reported less often, than for some other type of CSI. Moreover, it would be logical to also group the reports such that e.g. CRI for multiple beams is received at once. This means that the signaling framework should provide sufficient flexibility for the network to group the CSI reports, and assign appropriate resources for them. It could be debated what is a sufficient flexibility in this respect, but in our view, the baseline from LTE is a natural starting point. Therefore, we propose to essentially follow the LTE solution also in NR, and to have up to two PUCCH multi-CSI resource configurations.      

Proposal #1: Define two PUCCH multi-CSI resource configurations, each associated with a PUCCH resource config (Format 2/3/4), and a Maximum code rate.

· semi-persistent CSI reports transmitted on PUCCH use the same configurations.
· in case of multiple colliding multi-cell periodic PUCCH CSI reporting configurations, the LTE mechanism is reused
With this assumption, the CSI transmission procedure can be summarized as follows:
· Determine whether the PUCCH resources for the CSI reporting configurations are overlapping in a slot or not

· If none of the PUCCH resources overlap with each other in time, transmit all PUCCHs associated with the CSI reporting configurations
· If at least two PUCCH resources associated with CSI reporting configurations overlap at least partially in time, 
· rank the different CSI reports associated with each CSI reporting configuration in a priority order
· After ranking the CSI reports for the CSI reporting configurations in a priority order, 

· If the UE has not received any multi-CSI reporting configuration, or the multi-CSI reporting configuration is not valid for the given slot, drop all CSI reports except the one with highest priority, which is transmitted on the PUCCH resource configured for it.

· If the UE has received one multi-CSI reporting configuration which is valid for the given slot, 

· Calculate based on the Maximum code rate and the PUCCH resource allocation the maximum number of bits supported for CSI reporting

· Select as many highest-priority reports for transmission as possible without exceeding the maximum number of bits supported for CSI reporting, and drop the rest of the reports.

· If UE has received, for a given slot, two multi-CSI reporting configurations with overlapping PUCCH resources

· if all CSIs fit into the multi-CSI resource, transmit the resource using the multi-CSI resource with smallest number of REs (having space for all CSI reports) 

· else, use the multi-CSI resource with largest number of REs, and drop the CSI reports not fitting in.
· If UE has received, for a given slot, two multi-CSI reporting configurations with non-overlapping PUCCH resources, both configurations are used for transmitting CSI reports in that slot

· The maximum number of bits supported for CSI reporting is calculated separately for each multi-CSI reporting configuration based on the respective Maximum code rate. 

· As many highest-priority reports are selected for transmission as possible without exceeding the maximum number of bits supported for CSI reporting for the first (non-overlapping) multi-CSI reporting configuration. After that, the CSI reports with the next highest priority are mapped to the second multi-CSI reporting configuration, and so on. 

· Finally, the CSI reports not fitting into CSI resources of any of the (non-overlapping) multi-CSI reporting configurations are dropped

Proposal #2: Collision handling of multiple periodic or semi-persistent CSI reports on PUCCH follows the procedure in Section 2 of this Tdoc.
3
Summary
In this section, we summarize the observations and proposals made in this contribution:
Proposal #1: Define two PUCCH multi-CSI resource configurations, each associated with a PUCCH resource config (Format 2/3/4), and a Maximum code rate.

· semi-persistent CSI reports transmitted on PUCCH use the same configurations.
· in case of multiple colliding multi-cell periodic PUCCH CSI reporting configurations, the LTE mechanism is reused
Proposal #2: Collision handling of multiple periodic or semi-persistent CSI reports on PUCCH follows the procedure in Section 2 of this Tdoc.
