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Introduction
In this contribution, we express our views on the following remaining issues:  
· Overlapping between a HP PUCCH carrying SR and HP HARQ with PUCCH format 0/1 and a LP PUCCH carrying HARQ-ACK and CSI/SR (if any) 
· Clarification of LP P-CSI on LP PUSCH with HP HARQ-ACK 
· CR for HP DG PUSCH vs LP CG PUSCH 
Discussion
2.1 Multiplexing of HP SR+HP HARQ-ACK with PF 0/1 and LP HARQ-ACK
In prior meetings, RAN1 agreed to support multiplexing when a high priority (HP) PUCCH with PUCCH format 2/3/4 carrying HP SR + HP HARQ-ACK overlaps with a low priority (LP) PUCCH with LP HARQ-ACK as indicate in the following agreement. However, company view is still split for the case of HP PUCCH with PUCCH format 0/1. 
	[bookmark: _Hlk95222286]Agreement [1]
When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 2/3/4 overlaps with a PUCCH carrying LP HARQ-ACK, information bits for K HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, where K (K≥1) PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH carrying the HP HARQ-ACK.
· The number of HP UCI bits is , same as Rel-15;
· FFS: PF0, PF1
· Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
· If the HP HARQ-ACK is a dynamic HARQ-ACK, a PUCCH resource indicated by PRI is used for multiplexing.
· If the HP HARQ-ACK is a SPS HARQ-ACK, a PUCCH resource determined from the PUCCH resource(s) provided by sps-PUCCH-AN-List is used for multiplexing.



For the case of HP PUCCH with PUCCH format 0/1, 
· Option 0: when a PUCCH carrying positive HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, the PUCCH carrying LP HARQ-ACK is dropped.
· Option 2: when a PUCCH carrying positive HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is . The resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is either of PF2, PF3, or PF4.

Note: If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK with more than 1 bit is dropped, regardless of HP SR. 
Option 2 offers better protection of LP HARQ-ACK and unifies the dropping rule regardless of HARQ-ACK payload. However, the drawback of option 2 is some potential HP SR information loss, i.e., gNB could identity the presence of positive HP SR without knowledge of the positive HP SR resource index, and new PUCCH resource determination rule for UCI multiplexing, i.e., PUCCH format 2/3/4 is used for 2 bits HARQ-ACK (1 bit LP and 1 bit HP HARQ-ACK) and 1 bit SR rather than PUCCH format 0/1 as in in Rel-15. Moreover, the case of all negative HP SR seems controversial. On one hand, some companies consider using PUCCH resource information of step 1 (whether there is no HP SR resource overlapped with HP HARQ-ACK in step 1 or HP SR resource overlapped with HP HARQ-ACK, but the HP SR is negative in step 1) in step 2 as recursive procedure, which was already excluded by previous agreement. On the other hand, some companies think it is not recursive procedure, because a UE does not go back to step 1 to multiplex or drop any PUCCH with same priority, but UE only needs to store the information of HP SR PUCCH resource overlapping with HP HARQ-ACK PUCCH resource, which could be simply handled by UE’s implementation. 
Dropping of LP HARQ-ACK by option 0 can save time to debate the UE complexity for all negative HP SR case, and option 0 also save time to debate UE/standard complexity for PUCCH format 2/3/4 for 2 bits HARQ-ACK and 1 bit SR case, though it degrades LP HARQ-ACK performance for certain cases. Moreover, the standard effort for option 0 is much smaller. Option 0 can be supported without update of existing spec as shown below (Clause 9 TS 38.213 v17.2.0), because HP HARQ-ACK + HP SR with PUCCH format 0/1 belongs to the case of ‘else’ and UE drops LP PUCCH as captured in the spec. 
	9 UE procedure for reporting control information 
<Irrelevant text omitted>
-	if // this is for cases the UE supports multiplexing information of different priorities in a PUCCH/PUSCH transmission
-	a PUCCH transmission with HARQ-ACK information, without repetitions, with smaller priority index overlaps with a PUCCH transmission only with HARQ-ACK information, without repetitions, with larger priority index, or 
-	a PUCCH transmission without repetitions that includes HARQ-ACK information of smaller priority index overlaps with a PUCCH transmission without repetitions using a PUCCH resource with PUCCH format 2/3/4 with HARQ-ACK information and SR of larger priority index, or
-	a PUCCH transmission with HARQ-ACK information, without repetitions, with smaller or larger priority index overlaps, respectively, with a PUSCH transmission with larger or smaller priority index
the UE 
-	multiplexes HARQ-ACK information of different priority indexes and SR information of larger priority index, if any, in a same PUCCH transmission of larger priority index, or multiplexes HARQ-ACK information the UE would provide in a PUCCH transmission of smaller or larger priority index in a PUSCH transmission of larger or smaller priority index, respectively, and applies the procedures in clause 9.2.5.3 or 9.3, respectively, and
-	drops CSI and/or SR carried in the PUCCH transmission of smaller priority index, if any
-	drops negative SR carried in the PUCCH transmission of larger priority index, if any, if the UE would multiplex the HARQ-ACK information of larger priority index in a PUSCH transmission of smaller priority index
-	drops HARQ-ACK information of smaller priority index if the UE would multiplex the HARQ-ACK information of smaller priority index in a PUSCH transmission where the UE multiplexes Part 1 CSI reports and Part 2 CSI reports of larger priority index
-	drops Part 2 CSI reports of smaller priority index if the UE would multiplex the HARQ-ACK information of smaller and larger priority indexes in a PUSCH transmission where the UE multiplexes Part 1 CSI reports and Part 2 CSI reports of smaller priority index
-	else
-	if the UE would transmit the following channels that would overlap in time where, if a channel transmission is with repetitions, the following are applicable per repetition 
-	a first PUCCH transmission of larger priority index and a second PUCCH transmission of smaller priority index
-	a first PUCCH transmission of larger priority index and a second PUSCH transmission of smaller priority index when the UE cannot simultaneously transmit the first PUCCH and second PUSCH  
-	a first PUCCH transmission of smaller priority index and a second PUSCH transmission of larger priority index when the UE cannot simultaneously transmit the first PUCCH and second PUSCH
the UE
-	transmits the PUCCH or the PUSCH of the larger priority index, and 
-	does not transmit a PUCCH or a PUSCH of smaller priority index
…



With that said, it seems quite reasonable to choose a simple solution to ensure a stable and full implementable Rel-17 standard before RAN 97. 
Proposal 1: When a PUCCH carrying positive HP SR and HP HARQ-ACK by PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, the PUCCH carrying LP HARQ-ACK is dropped.
· Note: no CR is needed. 
 
2.2 Clarification of LP P-CSI on LP PUSCH with HP HARQ-ACK
According to TS 38.212 v17.2.0, LP P-CSI can be multiplexed onto a LP CG PUSCH with HP HARQ-ACK, as shown below (also some other places). There was some discussion on whether LP P-CSI should be dropped or multiplexed for this case during spec review phase after RAN1 109-e meeting but without consensus. 
	[bookmark: _Toc99626855]6.3.2.1.5	UCI with different priority indexes

If UCI-MuxWithDifferentPriority is configured, and CG-UCI associated with priority index 0 and HARQ-ACK bits associated with priority index 0 if any, HARQ-ACK bits associated with priority index 1, and CSI part 1 if any are transmitted on a PUSCH associated with priority index 0, the following UCI bit sequences are generated,, , and   if any, according to the following: …


Companies showed different understanding for whether LP P-CSI can be multiplexed with HP HARQ-ACK on a LP PUSCH: 
Understanding 1: LP P-CSI can multiplex with HP HARQ-ACK on a LP PUSCH, if the LP P-CSI PUCCH overlaps with the LP PUSCH (case 1 shown in Figure 1-1), while LP P-CSI cannot multiplex with HP HARQ-ACK on a LP PUSCH, if LP P-CSI PUCCH does not overlap with the LP PUSCH (case 2 shown in Figure 1-2).
Understanding 2: LP P-CSI can NOT multiplex with HP HARQ-ACK on a LP PUSCH, no matter LP P-CSI PUCCH overlaps with the LP PUSCH or not (case 1 and case 2). 
Currently, RAN1 had clear agreement that LP P-CSI is dropped for case 2 and also had agreement that LP P-CSI cannot multiplex onto HP PUSCH with or without HP UCI, while no agreement for case 1. Therefore, it is clear that if a LP PUCCH with LP P-CSI is processed in step 2, LP P-CSI is dropped, while the case of LP PUCCH with LP P-CSI which is processed in step 1 with LP PUSCH is unclear. On one hand, it seems workable to multiplex LP P-CSI with HP HARQ-ACK on a LP PUSCH, if the LP P-CSI is determined to multiplex with LP PUSCH in step 1. On the other hand, from final outcome’s perspective, it is natural to have same outcome for these two cases, i.e., LP P-CSI is dropped for both case 1 and case 2 (understanding 2).  Note that actual multiplexing and RE mapping operation is performed after step 2, thus same handling for case 1 and case 2 is more straightforward. To avoid any confusion, it is suggested to clarify which understanding above is correct and then update the standard correspondingly. 
	Agreement
To resolve overlapping between a HP PUCCH carrying HARQ-ACK only and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed with HP HARQ-ACK and LP CSI/SR are dropped.

Agreement
To resolve overlapping between a HP PUSCH with or without HP UCI and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed in HP PUSCH and LP CSI/SR are dropped.


Proposal 2: RAN1 to clarify whether LP P-CSI can multiplex with HP HARQ-ACK on a LP CG PUSCH, if the LP P-CSI PUCCH overlaps with the LP PUSCH.
	

	


	Figure 1-1     Case 1
	Figure 1-2    Case 2


         
2.3 CR for HP DG PUSCH vs LP CG PUSCH
In clause 9 TS 38.213, the timeline for the collision between HP DG PUSCH and LP CG PUSCH is provided, but UE behavior for dropping the LP CG PUSCH is missed. A TP is provided as below to capture the missed UE behavior [2]. 
	9 UE procedure for reporting control information 
<Unchanged text omitted>
If a UE would transmit the following channels, including repetitions if any, that would overlap in time
-	a first PUCCH of larger priority index with SR and a second PUCCH or PUSCH of smaller priority index, or 
-	a configured grant PUSCH of larger priority index and a PUCCH of smaller priority index, or
-	a first PUCCH of larger priority index with HARQ-ACK information only in response to PDSCH(s) reception without corresponding PDCCH(s) and a second PUCCH of smaller priority index with HARQ-ACK information only in response to PDSCH(s) reception without corresponding PDCCH(s), or a second PUCCH of smaller priority index with SR and/or CSI, or a configured grant PUSCH with smaller priority index, or a PUSCH of smaller priority index with SP-CSI report(s) without a corresponding PDCCH, or
 -	a PUSCH of larger priority index with SP-CSI reports(s) without a corresponding PDCCH and a PUCCH of smaller priority index with SR, or CSI, or HARQ-ACK information only in response to PDSCH(s) reception without corresponding PDCCH(s), or
-	a configured grant PUSCH of larger priority index and a configured grant PUSCH of smaller priority index on a same serving cell
-	a PUSCH of smaller priority index scheduled by a DCI format and a configured grant PUSCH of larger priority index on a same serving cell if the UE is provided prioritizationBetweenLP-DG-PUSCHandHP-CG-PUSCH
-	a PUSCH of larger priority index scheduled by a DCI format and a configured grant PUSCH of smaller priority index on a same serving cell if the UE is provided prioritizationBetweenHP-DG-PUSCHandLP-CG-PUSCH
the UE is expected to cancel a repetition of the PUCCH/PUSCH transmissions of smaller priority index before the first symbol overlapping with the PUCCH/PUSCH transmission of larger priority index if the repetition of the PUCCH/PUSCH transmissions of smaller priority index overlaps in time with the PUCCH/PUSCH transmissions of larger priority index. In case of a PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception and a configured grant PUSCH of smaller priority index on a same serving cell and the UE is provided prioritizationBetweenHP-DG-PUSCHandLP-CG-PUSCH
-	the UE expects that the transmission of the PUSCH of larger priority index would not start before  after a last symbol of the corresponding PDCCH reception
-	is the PUSCH preparation time for a corresponding UE processing capability assuming  [6, TS 38.214], based on  and  as subsequently defined in this clause, and  and  are determined by a reported UE capability
<Unchanged text omitted>


Proposal 3: Adopt the proposed TP for TS 38.213 clause 9 to capture UE behavior of dropping LP CG PUSCH for the collision between HP DG PUSCH and LP CG PUSCH.  
Conclusions
In summary, we have the following list of proposals: 
Proposal 1: When a PUCCH carrying positive HP SR and HP HARQ-ACK by PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, the PUCCH carrying LP HARQ-ACK is dropped. 
· Note: no CR is needed. 
Proposal 2: RAN1 to clarify whether LP P-CSI can multiplex with HP HARQ-ACK on a LP PUSCH, if the LP P-CSI PUCCH overlaps with the LP PUSCH.
Proposal 3: Adopt the proposed TP for TS 38.213 clause 9 to capture UE behavior of dropping LP CG PUSCH for the collision between HP DG PUSCH and LP CG PUSCH.  
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