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Introduction
This document provides our view on the remaining issues related to intra-UE multiplexing with different priorities.
Discussion
Intra-UE multiplexing framework
In RAN1#107bis-e, following agreements and working assumption were made.
Agreement:
· For resolving collision of PUCCHs of different priorities without repetitions within a time unit, Step 2.1 consists of the following sub-steps.
· Step 2.1-1: Determine a reference PUCCH resource
· Step 2.1-2: Select  PUCCH resource(s) overlapping with the reference PUCCH resource.
· Step 2.1-3: Apply Rel.17 intra-UE multiplexing / dropping rules to resolve overlapping among all the reference PUCCH resource and  PUCCH resource(s).
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3 until there are no overlapping PUCCHs in the time unit.
Agreement:
· For resolving collision of PUCCHs of different priorities without repetition within a time unit, down select from the following options.
· Option 1:
· The reference PUCCH resource is determined as in Rel.15, i.e., based on the starting symbol and duration.
· In Step 2.1-2, select up to one PUCCH resource overlapping with the reference PUCCH resource according to Rel.15 pseudo code.
· Option 2:
· The reference PUCCH resource is determined as in Rel.15, i.e., based on the starting symbol and duration.
· In Step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel.15 pseudo code.
· Option 3:
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel.15 rules.
· In Step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel.15 pseudo code.
· Option 4:
· The reference PUCCH resource is determined by prioritizing LP PUCCH carrying HARQ-ACK on top of Rel.15 rules.
· In Step 2.1-2, if a LP PUCCH carrying HARQ-ACK overlaps with multiple HP PUCCHs and one of the HP PUCCH include HARQ-ACK, only select the HP PUCCH including HARQ-ACK in Step 2.1-2; otherwise, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel.15 pseudo code.
· FFS: Details on time units for all options.
Working assumption:
· For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, down select from
· Alt.1: The LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt.2: The LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt.3: The LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s)
In Option 1, Rel.15 pseudo code can be reused by restricting to select up to one overlapping PUCCH resource with the reference PUCCH resource so that pair-wise collision handling PUCCHs of different priorities can be performed. In Option 2, since all the PUCCH resources overlapping with the reference PUCCH resource are selected, Rel.15 pseudo code can be just reused. The potential concern is if the LP PUCCH become a reference PUCCH resource due to earliest starting symbol, how to handle collision of LP PUCCH with HARQ-ACK and multiple non-overlapping HP PUCCHs should be discussed. In Option 3, the case of collision handling of LP PUCCH with HARQ-ACK and multiple non-overlapping HP PUCCHs can be avoided. In Option 4, unnecessary dropping of LP HARQ-ACK can be avoided. In our view, Rel.15 procedure should be reused as much as possible and impact to Rel.15 procedure would be Option 2 < Option 3 < Option 1 < Option 4. On the need of further discussion on how to handle collision of LP PUCCH with HARQ-ACK and multiple non-overlapping HP PUCCHs, Option 1 and Option 3 can avoid such discussion, and then need less specification effort. Considering both the impact to Rel.15 procedure and specification effort, we prefer to either Option 2 or Option 3. On the time unit for a LP PUCCH overlapping with multiple time units, Alt .1 is preferred for the simplicity.
Proposal 1: For resolving collision of PUCCHs of different priorities without repetition within a time unit, either of following options should be taken.
· Option 2:
· The reference PUCCH resource is determined as in Rel.15, i.e., based on the starting symbol and duration.
· In Step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel.15 pseudo code.
· Option 3:
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel.15 rules.
· In Step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel.15 pseudo code.
Proposal 2: For a LP PUCCH overlapping with multiple time units, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).

HP HARQ-ACK and LP HARQ-ACK into a PUCCH
Reliability of LP HARQ codebook size determination
The potential concern on PRB determination and PUCCH resource set determination for the PUCCH resource to carry the multiplexed HP and LP HARQ-ACKs is that it may cause different number of PRBs depending on LP HARQ-ACK multiplexing presence or LP HARQ-ACK codebook size. If DCI for LP HARQ-ACK is missed, there is ambiguity of the number of PRBs. The ambiguity issue also exists for PUCCH resource set determination since PUCCH resource set is determined based on UCI payload size = the number of HP UCI bits + the number of LP UCI bits. One of solutions of ambiguity issue is that configuration of semi-static size reservation for LP HARQ-ACK payload is provided by RRC. LP HARQ-ACK semi-static size reservation is used instead of determined LP HARQ-ACK codebook size when selecting the PUCCH resource set and PRB number determination. Another solution is that total DAI field in a DL DCI format associated with HP HARQ-ACK to indicate the total of LP HARQ-ACK.
Proposal 3: Either of following option is taken.
· Option 1: Configuration of semi-static size reservation for LP HARQ-ACK payload is provided by RRC. LP HARQ-ACK semi-static size reservation is used instead of determined LP HARQ-ACK codebook size when selecting the PUCCH resource set and PRB number determination.
· Option 2: Total DAI field in a DL DCI format associated with HP HARQ-ACK to indicate the total DAI of LP HARQ-ACK.

LP HARQ-ACK and HP SR into a PUCCH
In RAN1#107bis-e, following agreements were made.
Agreement:
· When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF2/3/4
· For positive SR, transmit SR on the SR PUCCH resource and drop HARQ-ACK
· For negative SR, transmit HARQ-ACK only on the HARQ-ACK PUCCH resource.
· Note: It was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel.17.
There are remaining HARQ-ACK/SR PF combinations on whether/how to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH.
When a PUCCH carrying HP SR with PUCCH format 0 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0, following options were identified in RAN1#104e.
· Option 1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Option 1a: The UE does not transmit negative SR.
· Option 1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Option 1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource.
· Option 2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Option 2a: If SR is positive, an offset (e.g., 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Option 2b: Using 4 CS values as for SR + 1-bit HARQ-ACK in Rel.15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced / compressed to 1 bit.
· Option 2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel.15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
· Option 3: No enhancement over Rel.16.
In Rel.15/16, the SR and HARQ-ACK with the same priority are multiplexed and transmitted on the HARQ-ACK resource. Therefore, we think Option 2b or 2c has less specification impact. The potential concern about Option 2 would be an impact on the latency for HP SR, but since both HP HARQ-ACK and HP SR are PUCCH format 0, the impact on the latency would not be a critical issue.
Proposal 4: When a PUCCH carrying HP SR with PUCCH format 0 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0, the SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.

When a PUCCH carrying HP SR with PUCCH format 0 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 1, following options were identified in RAN1#104e.
· Option 1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Option 1a: The UE does not transmit negative SR.
· Option 1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Option 1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource.
· Option 2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Option 2a: If SR is positive, and offset (e.g., 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Option 2b: Applying QPSK for SR + 1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced / compressed to 1 bit.
· Option 3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Option 4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Option 5: No enhancement over Rel.16
In this scenario, to transmit HP SR and LP HARQ-ACK on the HARQ-ACK resource (i.e., PUCCH format 1) would increase the latency of SR transmission since SR is PUCCH format 0. Therefore, Option 2 would not be reasonable option. On Option 1 and Option 3, LP HARQ-ACK originally to be transmitted in PUCCH format 1 is multiplexed on PUCCH format 0 with HP SR, and then, the performance of LP HARQ-ACK may not be guaranteed. Considering the multiplexing is not easier for this case, simple way would be Option 4 or Option 5.
Proposal 5: 
· When a PUCCH carrying HP SR with PUCCH format 0 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 1, either of following options is supported.
· Option 4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Option 5: No enhancement over Rel.16

When a PUCCH carrying HP SR with PUCCH format 1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0, following options were identified in RAN1#104e.
· Option 1: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Option 1a: For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 for SR. The value of cyclic shift of sequence, i.e., of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR. For negative SR, the UE transmits only a PUCCH with HARQ-CK information and drops the PUCCH with negative SR.
· Option 1b: SR and HARQ-ACK are multiplexed and modulated to be transmitted on the SR resource.
· Option 2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Option 2a: If SR is positive, an offset (e.g., 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Option 2b: Using 4 CS values as for SR + 1-bit HARQ-ACK in Rel.15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced / compressed to 1 bit.
· Option 2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel.15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
· Option 2d: HP SR and LP HARQ-ACK are multiplexed by the Rel.15 cyclic shift only if latency requirement for HP SR is met. Otherwise, drop the LP HARQ-ACK and only transmit the HP SR on its resource.
· Option 3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Option 4: No enhancement over Rel.16
In this scenario, Option 2c is the Rel.15/16 multiplexing behaviour for the same priority. However, to transmit HP SR and HP HARQ-ACK on the HARQ-ACK resource (i.e., PUCCH format 0) would cause the performance degradation since the HP SR is originally to be transmitted on PUCCH format 1, and therefore, Option 2 may not be a reasonable option. In our view, the scenario that HP SR is PUCCH format 1 (i.e., long PUCCH) while LP HARQ-ACK is PUCCH format 1 (i.e., short PUCCH) might be a corner case. Therefore, just to follow Rel.16 could be sufficient.
[bookmark: _Hlk68273646]Proposal 6: When a PUCCH carrying HP SR with PUCCH format 1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0, no enhancement is necessary over Rel.16.

[bookmark: _Hlk68267672]In the case of HP SR in a first resource using PUCCH format 1 and LP HARQ-ACK in a second resource using PUCCH format 1, to apply similar mechanism as in Rel.15/16 could be a possibility. This means that if UE transmits positive SR, the UE transmits a PUCCH with HARQ-ACK information bits in the first (SR) resource using PUCCH format 1. If a UE would not transmit a positive SR, the UE transmits a PUCCH with HARQ-ACK information bits in a second (HARQ-ACK) resource using PUCCH format 1. In order to minimize the impact on the latency for HP SR, the conditions for multiplexing may need to be introduced. For example, the ending symbol of PUCCH resource for LP HARQ-ACK is no later than the ending symbol of PUCCH resource for HP SR. Another possibility would be that the UE transmits a PUCCH with 1-bit HP SR information in a resource using PUCCH format 1, while 1-bit for LP HARQ-ACK information is appended to SR information bit. For 2-bit HARQ-ACK information, bundling is used.
Proposal 7:
· When a PUCCH carrying HP SR with PUCCH format 1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 1, either of following options is supported.
· Option 1: Same multiplexing mechanism as in Rel.15/16.
· Option 2: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· 1-bit for LP HARQ-ACK information bit is appended to SR information bit. For 2-bits HARQ-ACK information, bundling is used.
Conclusion
In this contribution, we provide our view on the remaining issues related to intra-UE multiplexing with different priorities. We made following proposals.
Proposal 1: For resolving collision of PUCCHs of different priorities without repetition within a time unit, either of following options should be taken.
· Option 2:
· The reference PUCCH resource is determined as in Rel.15, i.e., based on the starting symbol and duration.
· In Step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel.15 pseudo code.
· Option 3:
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel.15 rules.
· In Step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel.15 pseudo code.
Proposal 2: For a LP PUCCH overlapping with multiple time units, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
Proposal 3: Either of following option is taken.
· Option 1: Configuration of semi-static size reservation for LP HARQ-ACK payload is provided by RRC. LP HARQ-ACK semi-static size reservation is used instead of determined LP HARQ-ACK codebook size when selecting the PUCCH resource set and PRB number determination.
· Option 2: Total DAI field in a DL DCI format associated with HP HARQ-ACK to indicate the total DAI of LP HARQ-ACK.
Proposal 4: When a PUCCH carrying HP SR with PUCCH format 0 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0, the SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
Proposal 5: 
· When a PUCCH carrying HP SR with PUCCH format 0 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 1, either of following options is supported.
· Option 4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Option 5: No enhancement over Rel.16
Proposal 6: When a PUCCH carrying HP SR with PUCCH format 1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0, no enhancement is necessary over Rel.16.
Proposal 7:
· When a PUCCH carrying HP SR with PUCCH format 1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 1, either of following options is supported.
· Option 1: Same multiplexing mechanism as in Rel.15/16.
· Option 2: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· 1-bit for LP HARQ-ACK information bit is appended to SR information bit. For 2-bits HARQ-ACK information, bundling is used.
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