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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.

In this contribution, we present our views on the related aspects.
2. CSI reporting on PUCCH and priorities 
NR supports periodic and semi-persistent CSI reporting on PUCCH. More specifically, the CSI reports can be carried on PUCCH formats 2 (Short PUCCH), 3, and 4 (Long PUCCH). TS 38.214, Section 5.2.5 describes presently how collisions between CSI reports of different types are handled, such as the collisions of aperiodic and semi-persistent/periodic CSI, and between reports intended for PUSCH and PUCCH. However, a few of the possible collision cases remain unresolved, in particular the ones where multiple periodic or semi-persistent reports for PUCCH collide.
There is a related agreement was made in the email discussion [90b-NR-37].

Agreements:

   A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH 
o   FFS details how to use the configuration. The LTE mechanism is the baseline

o   Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits

Accordingly, the agreement has been captured into 38.213 for the cases with HARQ-ACK (+SR) and HARQ-ACK + SR + CSI. The specified procedure essentially follows the LTE procedure, with certain necessary additions to accommodate certain NR-specific aspects in UCI multiplexing. 
The HARQ-ACK + CSI case supports multiplexing of periodic CSI reports on PUCCH. For a given PUCCH format, higher layer parameter PUCCH-F2-maximum-coderate (or …F3, or …F4) indicates the maximum supported code rate, based on which the maximum number of bits is calculated. This procedure is described in 38.213, Section 9.2.5.2 for simultaneous transmission of A/N and CSI, and the same principle could be applied with multi-CSI only case too with some necessary modifications (the procedure should become simpler than with A/N since the PUCCH resource is expected to be semi-static and not depending on DCI). 
After the maximum number of bits to be reported is calculated based on the maximum code rate, if the total number of CSI bits exceeds the maximum, some of the reports are dropped. One open issue is how to determine the priority order (ranking) for different CSI reports, such that the reports that provide most useful information for the network are transmitted with greatest likelihood. 

Observation: Rules for collision handling and prioritization of periodic or semi-persistent CSI reports for PUCCH need to be agreed.
2.1 Configuration of PUCCH resources for CSI reports
In addition to prioritization rules for different types of CSI reports, one needs to also consider the mechanism for conveying the CSI reports on PUCCH. TS 38.331 has currently following definition:
CSI-ReportConfig in CSI-MeasConfig:




-- Indicates which PUCCH resource to use for reporting on PUCCH.



pucch-CSI-ResourceIndex




TYPE_FFS!
I.e. each CSI-ReportConfig has one associated PUCCH resource configuration. The type of pucch-CSI-ResourceIndex itself is FFS. However, PUCCH config in general have the following contents:
Table 1. PUCCH resource configuration for Format 2, 3, and 4

	PUCCH-F2-resource-config
	 A PUCCH Format 2 resource configuration
	PUCCH-F0-F2-starting-symbol, PUCCH-F0-F2-number-of-symbols, PUCCH-starting-PRB, PUCCH-F2-number-of-PRB, PUCCH-frequency-hopping,, PUCCH-second-hop-PRB

	PUCCH-F3-resource-config
	 A PUCCH Format 3 resource configuration
	PUCCH-F1-F3-F4-starting-symbol, PUCCH-F1-F3-F4--number-of-symbols, PUCCH-starting-PRB, PUCCH-F3-number-of-PRB, PUCCH-frequency-hopping, PUCCH-second-hop-PRB

	PUCCH-F4-resource-config
	 A PUCCH Format 4 resource configuration
	PUCCH-F1-F3-F4-starting-symbol, PUCCH-F1-F3-F4--number-of-symbols, PUCCH-starting-PRB, PUCCH-frequency-hopping, PUCCH-F4-preDFT-OCC-length, PUCCH-F4-preDFT-OCC-index, PUCCH-second-hop-PRB


In our view, each CSI-ReportConfigId could have a separate PUCCH configuration, i.e. similar to the Table 1 above. This allows for e.g. choosing the PUCCH format and other related parameters based on the characteristics of each reported cell or a beam.

Proposal #1: PUCCH format (2,3, or 4), starting PRB, number of PRBs, starting symbol, number of symbols and frequency hopping, and OCC are configured independently for each pucch-CSI-ResourceIndex.   
2.2 Multi-CSI reporting on PUCCH

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. 

Proposal #2: 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
2.3 Priority order of PUCCH CSI reports:
In LTE, the priority order between colliding periodic CSI reports can be summarized as follows (in the ascending order):

· reports containing CRI 

· reports containing RI 

· reports containing wideband CQI 

· reports containing subband CQI (+PMI)

In case there are multiple reports with the same contents, the reports with highest ServCellIndex are dropped, i.e. PCell gets the highest priority. 

We see that the same principle is sensible also in NR. However, since the periodic CSI reports in NR are self-contained (all the contents come in a single slot) the multiplexing becomes simpler than in LTE. In our view, it is sufficient to prioritize the reports with L1-RSRP, or reports with CRI alone, since those are expected to be transmitted less often and dropping such reports would cause a long delay in delivery of the related information. For other types of reports, it is sufficient to rank them according to the increasing serving cell ID. Additionally, one may consider giving semi-persistent reports a higher priority than for periodic ones, as those are obviously activated when such CSI is needed.
Alternatively, e.g. to support URLLC use cases, one could consider giving the priority for the reports having the lowest coding rate (as a result of report payload and PUCCH resource configuration), since those are the reports that the network wants to receive with greatest certainty.  

Proposal #3: Reports having the same contents are prioritized based on the serving cell ID as in LTE, such that PCell and PSCell are given the highest priority.

Proposal #4: CSI reports containing L1-RSRP, and reports with CRI alone are prioritized compared to other types of report.

Proposal #5: Semi-persistent CSI reports are prioritized compared to other periodic CSI reports.
2.4 Collision handling for CSI reports on PUCCH:
A further aspect related to collision handling is the exact definition of collision. The following was agreed in RAN1#91:
Agreement:

· For priority rules for CSI collision, the following definition is used: “Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier”

Another related agreement from RAN1#88bis states:
Agreement:

Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.

· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs).

Based on this, we may conclude that transmission of multiple periodic PUCCHs carrying CSI in a slot is possible, provided that the PUCCHs are occupying different symbols. 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 #6: Collision handling of multiple periodic or semi-persistent CSI reports on PUCCH follows the procedure in Section 2.4 of this Tdoc.
3
Summary
In this section, we summarize the observations and proposals made in this contribution:
Observation: Rules for collision handling and prioritization of periodic or semi-persistent CSI reports for PUCCH need to be agreed.
Proposal #1: PUCCH format (2,3, or 4), starting PRB, number of PRBs, starting symbol, number of symbols and frequency hopping, and OCC are configured independently for each pucch-CSI-ResourceIndex.   
Proposal #2: 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 #3: Reports having the same contents are prioritized based on the serving cell ID as in LTE, such that PCell and PSCell are given the highest priority.

Proposal #4: CSI reports containing L1-RSRP, and reports with CRI alone are prioritized compared to other types of report.

Proposal #5: Semi-persistent CSI reports are prioritized compared to other periodic CSI reports.

Proposal #6: Collision handling of multiple periodic or semi-persistent CSI reports on PUCCH follows the procedure in Section 2.4 of this Tdoc.
