[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #107	R1-2111785
e-Meeting, 11 – 19 November, 2021

Agenda item:		7.1
Source:	Nokia, Nokia Shanghai Bell
Title:	PUCCH resource and resource set selection for HARQ-ACK and P-CSI multiplexing
Document for:		Discussion and Decision
Introduction
This contribution discusses ambiguities in PUCCH Resource Indicator (PRI) and PUCCH resource set selection and proposes a clarification.
[bookmark: _Hlk510705081]Discussion
Subclause 9.2.5.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH states the following:
	If a UE has HARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS 38.214] to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 
-	the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-	the UE determines the PUCCH resource set as described in Clause 9.2.1 and Clause 9.2.3 for  UCI bits



Subclause 9.2.1 PUCCH Resource Sets states the following:
	
If the UE transmits  UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH resource set to be 

-	a first set of PUCCH resources with pucch-ResourceSetId = 0 if  including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK information and SR occurs simultaneously, or



-	a second set of PUCCH resources with pucch-ResourceSetId = 1, if provided by higher layers, if  where  is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-ResourceSetId = 1; otherwise is equal to 1706, or



-	a third set of PUCCH resources with pucch-ResourceSetId = 2, if provided by higher layers, if  where  is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-ResourceSetId = 2; otherwise is equal to 1706, or

-	a fourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if . 



Selection of PUCCH resource and resource set
The subclause 9.2.5.2 can be read in order, that is, 1) select the PUCCH resource, 2) select the PUCCH resource set. However, this would not really seem to work as then there is set to select the PUCCH resource from in the 1st step. 
When multiplexing HARQ-ACK and P-CSI, the procedure can be assumed to be:
1. The UE picks a PUCCH resource from the HARQ-ACK PUCCH resource set using the PRI in the DCI
2. The UE evaluates if the selected PUCCH resource overlaps with the PUCCH resource for the P-CSI
3. If there is an overlap, the UE determines the PUCCH resource set according to sub-clause 9.2.1 for the UCI with HARQ-ACK and P-CSI
In this interpretation the PRI is used to point to a resource in the HARQ-ACK resource set, and it leaves somewhat hanging what to do if another resource set is selected in step 3.
Another interpretation would be
1. The UE evaluates if the PUCCH resources in the HARQ-ACK resource set overlap with the PUCCH resource for the P-CSI
2. If there is an overlap, the UE determines the PUCCH resource set according to sub-clause 9.2.1 for the UCI with HARQ-ACK and P-CSI
3. The UE pics a PUCCH resource from the set selected in step 2.
In this interpretation the PRI is used to point to a resource in the resource set after the set selection, and it leaves somewhat hanging how the overlap evaluation is done if all the resources in the HARQ-ACK set are not of the same time location.
One interpretation would be that the same PRI is used first to select a resource from the HARQ-ACK set, and also later to select a resource from the set after the resource set selection. This is somewhat odd though as it makes an unattractive linkage between PUCCH resources in two resource sets, but with this interpretation there are no loose ends.
Proposal 1: Clarify the PRI interpretation when multiplexing HARQ-ACK and P-CSI, does it refer to 
1. PUCCH resource in the HARQ-ACK PUCCH resource set for evaluationg PUCCH resource overlap
2. PUCCH resource in the PUCCH resource set selected by subclause 9.2.1
3. Both 

OUCI when selecting the PUCCH resource set
The subclause 9.2.1 states: “If the UE transmits OUCI information biths that include HARQ-ACK information bits, …”, i.e. the PUCCH resource set selection is to be done based on the actually transmitted number of bits in the UCI.
Subclause 9.2.5.2 defines a CSI part 2 dropping rule that takes the selected PUCCH resource as an input in order to determine which of the CSI bits are to be multiplexed to the UCI and which are dropped. That is, if the actually transmitted UCI is considered in the PUCCH resource set selection, the PUCCH resource selection can only be done after the UE knows which UCI bits are actually to be transmitted, but this can only be determined after the PUCCH resource to be used is known.
Proposal 2: Clarify that the PUCCH resource set selection in 38.213 subclause 9.2.1 is determined using OUCI before the CSI bit dropping algorithm of subclause 9.2.5.2 is executed. 
Proposal 3: Agree to the following specification change to sublause 9.2.1 of TS 38.213:
	
If, before the CSI dropping specified in subcluse 9.2.5.2, if any, the UE would transmits  UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH resource set to be 

-	a first set of PUCCH resources with pucch-ResourceSetId = 0 if  including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK information and SR occurs simultaneously, or



-	a second set of PUCCH resources with pucch-ResourceSetId = 1, if provided by higher layers, if  where  is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-ResourceSetId = 1; otherwise is equal to 1706, or



-	a third set of PUCCH resources with pucch-ResourceSetId = 2, if provided by higher layers, if  where  is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-ResourceSetId = 2; otherwise is equal to 1706, or

-	a fourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if . 



Conclusion
For PRI interpretation when multiplexing HARQ-ACK and P-CSI, the following proposal is made:
Proposal 1: Clarify the PRI interpretation when multiplexing HARQ-ACK and P-CSI, does it refer to 
1. PUCCH resource in the HARQ-ACK PUCCH resource set for evaluationg PUCCH resource overlap
2. PUCCH resource in the PUCCH resource set selected by subclause 9.2.1
3. Both 

For OUCI interpretation in PUCCH resource set selection, the following proposals are made:
Proposal 2: Clarify that the PUCCH resource set selection in 38.213 subclause 9.2.1 is determined using OUCI before the CSI bit dropping algorithm of subclause 9.2.5.2 is executed. 
Proposal 3: Agree to the following specification change to sublause 9.2.1 of TS 38.213:
	
If, before the CSI dropping specified in subcluse 9.2.5.2, if any, the UE would transmits  UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH resource set to be 

-	a first set of PUCCH resources with pucch-ResourceSetId = 0 if  including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK information and SR occurs simultaneously, or



-	a second set of PUCCH resources with pucch-ResourceSetId = 1, if provided by higher layers, if  where  is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-ResourceSetId = 1; otherwise is equal to 1706, or



-	a third set of PUCCH resources with pucch-ResourceSetId = 2, if provided by higher layers, if  where  is equal to maxPayloadSize if maxPayloadSize is provided for the PUCCH resource set with pucch-ResourceSetId = 2; otherwise is equal to 1706, or

-	a fourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if . 
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