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Introduction
During RAN 88e meeting, a revised WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved. One objective is to further enhance the multiplexing and prioritization scheme in URLLC, the objective is shown below.
1. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
· Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH
This contribution provides some considerations on intra-UE multiplexing/prioritization for URLLC.
Discussion
· Overlapping between high priority HARQ-ACK and low priority HARQ-ACK

Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, 
· For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two options:
· Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
· For HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.
For the first bullet regarding the coding scheme for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), both options are feasible because current UCI encoder hardware has already supported. We slightly prefer Option 2 since it is a unified solution by using RM coding on PUCCH and has small spec. affect. Thus we have a following proposal:
Proposal 1. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, if HP HARQ-ACK or LP HARQ-ACK is of 1-2 bit(s), reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.

Another remaining issue is the maxcoderate determination for the LP HARQ-ACK. Since the LP HARQ-ACK is multiplexed on HP PUCCH resource, one simple solution is to determine the coderate of LP HARQ-ACK using the maxcoderate configured for the LP PUCCH-format index, where the index is associated with HP PUCCH resource that carrying the multiplexed HARQ-ACKs. The other alternative solution is using RRC signalling to configure another maxcoderate for each HP PUCCH-format. 
For PRB determination and RE mapping issue for PF2/3/4, the minimum PRB number for HP HARQ-ACK and LP HARQ-ACK can be separately determined based on Rel-15 rule, and by using the max coderates configured for HP HARQ-ACK and LP HARQ-ACK, respectively. The final PRB number of the transmitted PUCCH resource is determined by concatenating the PRBs of HP HARQ-ACK and LP HARQ-ACK. 
Proposal 2. For separate coding of the two HARQ-ACKs with HARQ-ACK bits being more than 2, the maxcoderate for HP and LP HARQ-ACK can be different.
Proposal 3. The minimum PRB number for HP HARQ-ACK and LP HARQ-ACK can be determined based on Rel-15 rule by using the maxcoderate configured for HP HARQ-ACK and LP HARQ-ACK separately.

· Enable/disable multiplexing of PUCCH
[bookmark: OLE_LINK2]
For a mechanism to enable/disable the multiplexing between PUCCHs, compared with the semi-static RRC configuration, dynamically indication via DCI may have DCI miss detection problems and is not feasible for semi-static PUCCHs such as SPS PDSCH HARQ-ACK transmission. So we support to use semi-static RRC configuration at least. In addition, for some urgent URLLC traffics, disabling multiplexing can avoid the negative affect from the LP HARQ-ACK, thus supporting a more flexible switch between enable and disable function may be needed. So RRC+DCI-based enabling/disabling method can be considered as an optional feature. 
Proposal 4. [bookmark: OLE_LINK37]For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, support RRC configuration to enable/disable the multiplexing as a baseline. RRC+DCI-based enabling/disabling method can be considered as an optional feature. 

· Overlapping between high priority SR and low priority HARQ-ACK.

When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, a following proposal was given in the last meeting:

When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, down-select the following options:
· Opt.1b: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource. For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Opt.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.
· Opt.3: No enhancement over Rel-16.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, to reuse current spec as much as possible, 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. Thus we prefer Opt. 2c here.  
Proposal 5. If a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, 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.

Regarding a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, a following proposal was given in the last meeting:

When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, down-select the following options:
· Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Opt.5: No enhancement over Rel-16.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
In this case, to maintain the latency and performance of HP SR, the SR cannot be transmitted on LP HARQ-ACK resource. For positive SR, LP HARQ-ACK can be dropped or transmitted on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
Proposal 6. When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1,   for positive SR, LP HARQ-ACK can be dropped or transmitted on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.

About a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, a following proposal was given in the last meeting:

When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, down-select the following options:
· Opt.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.
· Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Opt.4: No enhancement over Rel-16.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, Rel-15 rule can be reused, thus we support Opt.2c here. 
Proposal 7. If a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, 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.

· Overlapping between HARQ-ACK and PUSCH

In last meeting, a following proposal regarding multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUSCH was given：

Proposal: 
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, further study the following options:
· Option 2: The CSI part 2 is dropped, LP HARQ-ACK is coded separately from HP HARQ-ACK and CSI part 1
· Option 2a: LP HARQ-ACK has lower priority than LP CSI part 1, and LP HARQ-ACK may be dropped (similar to Rel-15 CSI-part2);
· Option 2b: LP HARQ-ACK has higher priority than LP CSI part 1, and LP CSI part 1 may be dropped (similar to Rel-15 CSI-part1);
· Option 3: The CSI part 1 is dropped. CSI part 2 is similarly treated as CSI part 1 in Option 2.
· Option 4 No CSI is dropped,
· LP HARQ-ACK and LP CSI part 1 are jointly encoded and reuse the coding method used for CSI part 1 in Rel-15. CSI part 2 reuses the coding method used for CSI part 2 in Rel-15.
· Details need to be identified e.g. How to determine code rate for joint coding? Which beta offset should be used?
· FFS for LP CSI consisting of single part
· FFS for HP/LP PUSCH not conveying UL-SCH
In general, dropping CSI part 1 or CSI part 2 may deteriorate the spectrum efficiency of the eMBB traffics, especially for semi-static scheduled PDSCH transmission. On the contrary, Option 4 can maintain the LP CSI/HARQ-ACK transmission without increasing the total encoding chains, thus is preferred here. For joint coding of LP HARQ-ACK and LP CSI part 1, the beta offset of LP HARQ-ACK can be applied as a startpoint. 
Proposal 8. [bookmark: OLE_LINK1]For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, Option 4 is supported, i.e., no CSI is dropped. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, if HP HARQ-ACK or LP HARQ-ACK is of 1-2 bit(s), reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
Proposal 2. For separate coding of the two HARQ-ACKs with HARQ-ACK bits being more than 2, the maxcoderate for HP and LP HARQ-ACK can be different.
Proposal 3. The minimum PRB number for HP HARQ-ACK and LP HARQ-ACK can be separately determined based on Rel-15 rule by using the maxcoderate configured for HP HARQ-ACK and LP HARQ-ACK separately.
Proposal 4. For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, support RRC configuration to enable/disable the multiplexing as a baseline. RRC+DCI-based enabling/disabling method can be considered as an optional feature. 
Proposal 5. If a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, 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.
Proposal 6. When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1,   for positive SR, LP HARQ-ACK can be dropped or transmitted on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
Proposal 7. If a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, 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.
Proposal 8. [bookmark: _GoBack]For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, Option 4 is supported, i.e., no CSI is dropped. 
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