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Introduction
A work item on enhanced IIoT and URLLC was approved [1]. One of objectives of this work item is as follows:
· Intra-UE multiplexing and prioritization of traffic with different priorities based on work done in Rel.16
· Specify multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH.
· Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancellation behaviour for the PUSCH of lower PHY priority, taking the solution developed during Rel.16 as the baseline.
This document provides our view on enhancement on intra-UE multiplexing.
Discussion
HP HARQ-ACK and LP HARQ-ACK into a PUCCH
Rate matching equation when the total number of LP and HP HARQ-ACK bits is more than 2
In Rel.15/16, when separate coding between HARQ-ACK + CSI part 1 and CSI part 2 is multiplexed in PUCCH, following rate matching is applied. This rate matching equation means HARQ-ACK or CSI part 1 is filled with maxCoderate . The remaining resource in PUCCH is filled by CSI part 2.
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Since the working assumption that CSI (including part 1 and part 2, if exist) is dropped if CSI would multiplex on a PUCCH which has HP HARQ-ACK, when HP HARQ-ACK and LP HARQ-ACK are multiplexed into a PUCCH, the UCI contents included in a PUCCH are only HP HARQ-ACK and LP HARQ-ACK. Therefore, the rate matching equation in Rel.15/16 could be reused as follows.
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Proposal 1: For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH, when the total number of LP and HP HARQ-ACK bits are more than 2 bits, rate matching equation in Rel.15/16 is baseline.

maxCodeRate and determination of number of PRBs
In RAN1#105e, following options were identified for maxCodeRate.
· Option 1: maxCodeRate can be separately configured for HP and LP HARQ-ACK in a PUCCH-Config if multiplexed in a PUCCH PF3/4 in Rel.17.
· FFS for PF2.
· Option 2: A single maxCodeRate is configured per PF per PUCCH configuration.
· FFS details, e.g., whether to reuse maxCodeRate configuration in Rel-16.
Option 1 seems to have flexibility and better resource utilization. For Option 2, our view is this maxCodeRate should be allowed to be dedicatedly configured for the multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH. With such configuration, we think single maxCodeRate is sufficient since only maxCodeRate for HP HARQ-ACK is necessary.
The maxCodeRate is also used to determine the number of PRBs for PUCCH transmission. For example, for HARQ-ACK transmission, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs  provided by nrofPRB in PUCCH resource set, that results to  and , where , , , , , and  are respectively the number of HARQ-ACK bits, the number of CRC bits, the number subcarriers in a PRB, the number of symbols, modulation order, and maxCodeRate. For the determination of the number of PRBs, there can be following two options.
· Option A: Determination of the number of PRBs is to satisfy:
·  and 
· Option B: Determination of the number of PRBs does not depend on the number of LP HARQ-ACK bits.
· Option 2-1:  Determination of the number of PRBs is to satisfy:  and 
· Option 2-2: The number of PRBs is .
For Option 1, separately configured  and  is necessary. It could provide more efficient resource utilization. On the other hand, 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. In our view, the number of PRBs is deterministic is more important compared with small inefficiency. Therefore, the approach with the deterministic number of PRBs should be taken as Option B. For Option B, only maxCodeRate for HP HARQ-ACK for Option 2-1 and maxCodeRate is not necessary for the determination of the number of PRBs.
Proposal 2: Determination of the number of PRBs does not depend on the number of LP HARQ-ACK bits.
Proposal 3: A single maxCodeRate is configured per PUCCH format for HP + LP HARQ-ACK multiplexing.

PUCCH resource determination
In case the total number of LP and HP HARQ-ACK bits is 2 bits, following options were identified for the PUCCH resource determination.
· Option 1: Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· Option 2: Use the PUCCH resource with more OFDM symbols between the original two PUCCH resources for the HP HARQ-ACK and LP HARQ-ACK. The power control parameters are reused from the PUCCH resource of HP HARQ-ACK.
In our view, Option 1 is simple. Option 2 may cause different PUCCH resource depending on LP HARQ-ACK multiplexing presence.
Proposal 4: In case the total number of LP and HP HARQ-ACK bits is 2, use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK)

In case the total number of LP and HP HARQ-ACK bits is more than 2, it was agreed that PUCCH resource configured in second PUCCH-Config (the PUCCH-Config containing the PUCCH resource of the HP HARQ-ACK) is used. The remaining issue is whether PUCCH resource configuration is 1) dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK or 2) PUCCH resource configured for HP HARQ-ACK is reused. Dedicated PUCCH resource configured for multiplexing of HP HARQ-ACK and LP HARQ-ACK would provide a better performance and flexibility. If dedicated PUCCH resource is not configured, PUCCH resource configuration for HP HARQ-ACK is used.
In RAN1#105e, the problem of ambiguity on LP HARQ-ACK existence or LP HARQ-ACK Type 2 codebook size due to DCI misdetection was identified. The following options were identified.
· Option 1: Configure a dedicated PUCCH resource for HP + LP in the second PUCCH-Config
· Option 2: PRI + x in the HP DCI is used to implicitly determine an extended PUCCH resource
· Option 3a: The LP Type 2 codebook size is quantized/rounded up to a nearest reference size.
· Option 3b: 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.
· Option 4: Additional DCI field in DCI corresponding HP HARQ-ACK for determining the number of LP HARQ-ACK bits multiplexed on PUCCH
· Option 5: Provide indication on at least the number of RBs and/or PUCCH resource set index to be used in the PUCCH transmission, where the indication is included in the HP DCI.
Option 1 can avoid the decoding error of HP HARQ-ACK due to the ambiguity of the LP HARQ-ACK presence. gNB can simply perform the blind detection of PUCCH DMRS on the two hypotheses for easy verification of the LP HARQ-ACK presence. The potential problem would be additional PUCCH resource reservation is necessary. Option 3 can avoid the decoding error HP HARQ-ACK due to the ambiguity of both the LP HARQ-ACK presence and codebook size. Option 4 and Option 5 has larger DCI overhead.
In our view, Option 1 is preferred because of better performance and flexibility.
Proposal 5: In case the total number of LP and HP HARQ-ACK bits is more than 2, dedicated PUCCH resource is configured for multiplexing of HP HARQ-ACK and LP HARQ-ACK.

Another issue for PUCCH resource determination is how to determine UCI payload size. Following options can be considered.
· Option 1: UCI payload size = the number of HP UCI bits + the number of LP UCI bits
· Option 2: UCI payload size = the number of HP UCI bits + the number of LP UCI bits * scaling factor.
The motivation of to introduce scaling factor in Option 2 is to count for different coding rate for HP and HP HARQ-ACK. In our view, if maxCodeRate is separately configured for HP and LP HARQ-ACK, Option 1 is sufficient. If a single maxCodeRate is configured, Option 2 is useful. As our preference is to configure single maxCodeRate, we prefer Option 2.
Proposal 6: UCI payload size for PUCCH resource determination is the number of HP UCI bits + the number of LP UCI bits * scaling factor.

Multiplexing enable/disable mechanism
In RAN1#104e, following FL proposal was discussed.
	FL proposal:
· For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in Rel.17, the multiplexing can be enabled by RRC configuration.
· FFS: Other mechanisms, e.g., DCI indication
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI
In our view, at least RRC configuration is necessary for enabling/disabling multiplexing with different priorities. In addition, dynamically enabling/disabling UCI multiplexing on PUCCH could be considered if dynamically enabling/disabling UCI multiplexing PUSCH is supported as a unified principle. As we propose dynamic enabling/disabling UCI multiplexing on PUSCH in Section 2.4, we propose following.
Proposal 7: 
· For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in Rel.17, the multiplexing is RRC configured.
· Dynamic indication for enabling should also be supported.

Multiplexing order
On multiplex rule and order, in Rel.16, when a UE determines overlapping for PUCCH transmissions of different priority indexes, the UE first resolves the overlapping for PUCCH transmissions of smaller priority index. Then, if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a transmission of a second PUCCH of smaller priority index, the UE cancels the transmission of the second PUCCH before the first symbol that would overlap with the first PUCCH transmission. In Rel.17, after resolving the overlapping for PUCCH transmissions of a same priority index, UE procedure for multiplexing HARQ-ACK codebooks with different priority indexes could be performed.
Proposal 8: For multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH, after resolving the overlapping for PUCCH transmissions of same priority index, UE procedure for multiplexing HARQ-ACK codebooks with different priority indexes should be performed.

LP HARQ-ACK and HP SR into a PUCCH
For same priority case, in Rel.15/16, the multiplexing behaviour between HARQ-ACK and SR into a PUCCH is as follows:
· If the UE would transmit a PUCCH with positive/negative SR and at most two HARQ-ACK information bits in a resource using PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK information.
· If a UE would transmit SR in a resource using format 0 and HARQ-ACK information bits in a resource using format 1 in slot, the UE transmits only a PUCCH with the HARQ-ACK information bits in the resource using PUCCH format 1.
· If the UE transmit positive SR in a first resource using PUCCH format 1 and at most two HARQ-ACK bits in a second resource using PUCCH format 1 in a slot, the UE transmits a PUCCH with HARQ-ACK information bits in the first resource using PUCCH format 1. If a UE would not transmit a positive SR in a resource using PUCCH format 1 and would transmit at most two HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits a PUCCH in the resource using PUCCH format 1 for HARQ-ACK information.
· If a UE would transmit a PUCCH with OACK HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot,  bits representing a negative or positive SR are appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCHC format 4.
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, 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 9: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, the SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.

When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, 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 10: 
· When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, 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 PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, 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 4CS 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 11: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, 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 12:
· When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, 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.

In the case of HP SR and LP HARQ-ACK in a resource using PUCCH format 2, 3, or 4, to apply similar mechanism as in Rel.15/16 could be a possibility. However, since SR bit is appended to HARQ-ACK information bits, the impact on latency would be large. Then, 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.
Proposal 13:
· When a PUCCH carrying HP SR with PF0 or PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF2, 3, or 4, following options are supported.
· The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource if the latency condition is satisfied; otherwise, LP HARQ-ACK is dropped and HP SR is transmitted.

LP HARQ-ACK, HP HARQ-ACK and HP SR into a PUCCH
In this case, multiplexing order would be the discussion point. To handle same priority first, i.e., “UE first resolves the overlapping for PUCCH transmission of HP HARQ-ACK and HP SR. After resolving the overlapping, multiplexing of LP HARQ-ACK is handled” would be a simple solution. On the other hand, in this solution, the outcome of handling overlapping between HP HARQ-ACK and HP SR might be only HP HARQ-ACK is transmitted. For example, if a UE would transmit SR in a resource using format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits only a PUCCH with the HARQ-ACK information bits in the resource using PUCCH format 1. After that, overlapping between HP HARQ-ACK and LP HARQ-ACK is handled and both HP and LP HARQ-ACK are multiplexed. This means that LP HARQ-ACK is transmitted but HP SR is not transmitted. In spite of dropping HP SR, to transmit LP HARQ-ACK might not be a desirable behaviour. Considering above, instead of two step procedure, just one step procedure of different priority of multiplexing could also be considered. For one step procedure, the priority handling could be HP HARQ-ACK > HP SR > LP HARQ-ACK and 1 bit of HP SR is appended to HP HARQ-ACK bits. The multiplexing behaviour is applied between the combined HP UCI (HARQ-ACK + SR) and LP HARQ-ACK.
Proposal 14: 
· For multiplexing a LP HARQ-ACK, a HP HARQ-ACK and HP SR into a PUCCH, following two procedures are studied.
· Option 1: UE first resolve the overlapping for PUCCH transmission of HP HARQ-ACK and HP SR. After resolving the overlapping, multiplexing of LP HARQ-ACK is handled.
· Option 2: How UCIs are concatenated up to certain size is handled as one step procedure, e.g., with the priority of HP HARQ-ACK > HP SR > LP HARQ-ACK.

LP HARQ-ACK in a HP PUSCH and HP HARQ-ACK in a LP PUSCH
In this case, HP PUSCH performance should be ensured. To support separate configurations of at least beta-offset values for multiplexing with different priority combinations was agreed. Whether alpha is also separate configurations for multiplexing with different priority combinations is FFS. Alpha is used for setting upper limit of available resource for UCI in PUSCH. In Rel.16, alpha (scaling) can be an independent parameter between DCI format 0-1 and DCI format 0-2. In order to keep PUCCH reliability, the upper limit of available resource for UCI is the same regardless whether LP HARQ-ACK or HP HARQ-ACK is multiplexed. Then, alpha is not needed to be separate configurations for multiplexing with different priority combinations. Just to separate configurations for HP PUSCH and LP PUSCH might be sufficient.
In RAN1#104e, to support 0 < betta-offset <1 was agreed. Whether to support beta-offset =0 or a value disabling the multiplexing is FFS. In order to ensure HP PUSCH reliability, the dropping LP HARQ-ACK should be supported and it can be realized by having  for multiplexing LP HARQ-ACK in a HP PUSCH. Enhancement of beta-offset values including specific or non-numerical value which disabling the multiplexing can also be supported for multiplexing HP HARQ-ACK in a LP PUSCH.
Proposal 15: 
· For multiplexing a LP HARQ-ACK in a HP PUSCH (conveying UL-SCH only), enhancement of beta-offset values including , which allows for dropping LP HARQ-ACK should be supported.
· For multiplexing a HP HARQ-ACK in a LP PUSCH (conveying UL-SCH only), enhancement of beta-offset values including specific or non-numerical value, which allows for dropping LP PUSCH should be supported.

HP SR in a LP PUSCH
In RAN1#102e, it was agreed to support multiplexing for following scenarios in Rel.17. One important missing scenario is multiplexing between HP SR and LP PUSCH. To drop whole LP PUSCH because of HP SR is inefficient especially for larger PUSCH resource allocation. HP SR is important for IIoT and URLLC. We think the design can be identical to a HP HARQ-ACK in a LP PUSCH except a HP HARQ-ACK up to 2 bits is modified to SR.
· Multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH
· Multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PUCCH format combinations
· Multiplexing a LP HARQ-ACK, a HP HARQ-ACK and HP SR into a PUCCH
· Multiplexing a LP HARQ-ACK in a HP PUSCH (conveying UL-SCH only)
· Multiplexing a HP HARQ-ACK in a LP PUSCH (conveying UL-SCH only)
· Multiplexing a LP HARQ-ACK, a HP PUSCH conveying UL-SCH, a HP HARQ-ACK and/or CSI
· Multiplexing a HP HARQ-ACK, a LP PUSCH conveying UL-SCH, a LP HARQ-ACK and/or CSI
Proposal 16: Multiplexing a HP SR in a LP PUSCH (conveying UL-SCH only) should be supported by the identical design with multiplexing a HP HARQ-ACK in a LP PUSCH (conveying UL-SCH only).

Conclusion
In this contribution, we provide our view on enhancement on intra-UE multiplexing/prioritization for Rel.17 enhanced IIoT/URLLC. We made following proposals.
Proposal 1: For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH, when the total number of LP and HP HARQ-ACK bits are more than 2 bits, rate matching equation in Rel.15/16 is baseline.
Proposal 2: Determination of the number of PRBs does not depend on the number of LP HARQ-ACK bits.
Proposal 3: A single maxCodeRate is configured per PUCCH format for HP + LP HARQ-ACK multiplexing.
Proposal 4: In case the total number of LP and HP HARQ-ACK bits is 2, use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK)
Proposal 5: In case the total number of LP and HP HARQ-ACK bits is more than 2, dedicated PUCCH resource is configured for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
Proposal 6: UCI payload size for PUCCH resource determination is the number of HP UCI bits + the number of LP UCI bits * scaling factor.
Proposal 7: 
· For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in Rel.17, the multiplexing is RRC configured.
· Dynamic indication for enabling should also be supported.
Proposal 8: For multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH, after resolving the overlapping for PUCCH transmissions of same priority index, UE procedure for multiplexing HARQ-ACK codebooks with different priority indexes should be performed.
Proposal 9: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, the SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
Proposal 10: 
· When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, 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 11: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, no enhancement is necessary over Rel.16.
Proposal 12:
· When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, 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.
Proposal 13:
· When a PUCCH carrying HP SR with PF0 or PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF2, 3, or 4, following options are supported.
· The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource if the latency condition is satisfied; otherwise, LP HARQ-ACK is dropped and HP SR is transmitted.
Proposal 14: 
· For multiplexing a LP HARQ-ACK, a HP HARQ-ACK and HP SR into a PUCCH, following two procedures are studied.
· Option 1: UE first resolve the overlapping for PUCCH transmission of HP HARQ-ACK and HP SR. After resolving the overlapping, multiplexing of LP HARQ-ACK is handled.
· Option 2: How UCIs are concatenated up to certain size is handled as one step procedure, e.g., with the priority of HP HARQ-ACK > HP SR > LP HARQ-ACK.
Proposal 15: 
· For multiplexing a LP HARQ-ACK in a HP PUSCH (conveying UL-SCH only), enhancement of beta-offset values including , which allows for dropping LP HARQ-ACK should be supported.
· For multiplexing a HP HARQ-ACK in a LP PUSCH (conveying UL-SCH only), enhancement of beta-offset values including specific or non-numerical value, which allows for dropping LP PUSCH should be supported.
Proposal 16: Multiplexing a HP SR in a LP PUSCH (conveying UL-SCH only) should be supported by the identical design with multiplexing a HP HARQ-ACK in a LP PUSCH (conveying UL-SCH only).

Reference
[1] 	RP-201310, “Revised WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR,” Nokia, Nokia Shanghai Bell, RAN#88e.
Appendix: Agreements in previous meetings
RAN1#102e
Agreement:
· Support multiplexing for following scenarios in Rel.17.
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in Rel.17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK / SR PUCCH format combinations (FFS: applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and high-priority SR into a PUCCH.
· For the above multiplexing scenarios
· FFS: Conditions, if needed, for the multiplexing, e.g.,
· Whether to support multiplexing between different resources not confined within a sub-slot
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH
· Timeline requirements
· FFS: Details, if needed, of the multiplexing scheme, e.g.,
· How to minimize impact on the latency for high-priority HARQ-ACK
· How to determine the PUCCH resource used for multiplexing (e.g., high-priority or low-priority PUCCH resource, or a dedicated PUCCH resource for the multiplexing)
· How to multiplex the HARQ-ACK bits (e.g., multiplexing, bundling)
· How to encode the UCIs with different priorities (e.g., separate coding vs. joint coding)
· How to guarantee the target code rate (e.g., payload control, multiplexing priority, low-priority HARQ-ACK compression / compaction)
· Explicit indication for enabling multiplexing
· Multiplexing rule and order (e.g., high-priority / low-priority multiplexing is after resolving collision within the same priority)

Agreement:
· Support multiplexing for following scenarios in Rel.17.
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only)
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high priority HARQ-ACK and/or CSI
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI
· For the above multiplexing scenarios
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations
· FFS for other separate configurations
· FFS: Value range of beta-offset (e.g., <1)
· FFS: The conditions, if needed, for multiplexing, e.g.,
· FFS: Whether to support multiplexing in case a PUCCH / PUSCH overlaps with more than one PUCCH / PUSCH
· Timeline requirements
· FFS: Details, if needed, of the multiplexing scheme, e.g.,
· How to minimize the impact on the latency of high-priority HARQ-ACK
· How to multiplex the HARQ-ACK bits (e.g., multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g., separate coding vs. joint coding)
· How to guarantee the target code rate (e.g., payload control, multiplexing priority, low-priority HARQ-ACK compression / comparison)
· Explicit indication for multiplexing
· Multiplexing rule and order (e.g., high-priority / low-priority multiplexing is after resolving collision within the same priority
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH

Agreement:
· Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in Rel.17.
· FFS: Details
· Clarify Rel.16 baseline if needed.

Agreement:
· Simultaneous PUSCH / PUCCH within a cell group and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH can be further discussed as part of AI 8.3.3 in this WI (bit not as part of AI 8.3.1.1).

Agreement:
· Support simultaneous PUCCH / PUSCH transmissions on different cells at least for inter-band CA.
· FFS: How to trigger this function
· FFS for intra-band CA

RAN1#103e
Agreement:
· For multiplexing UCIs of different priorities in a PUCCH in Rel.17,
· Support of multiplexing between different resources not confined within a sub-slot if conditions are met.
· FFS: Details
· Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
· FFS: Details

Agreement:
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in Rel.17, when the total number of LP and HP HARQ-ACK bits are more than 2 bits, down select from the following options in RAN1#104e.
· Option 1: Support joint coding
· Option 2: Support separate coding
· Option 3: Combination of Option 1 and 2
· FFS: The details
· For multiplexing high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-Ack into a PUCCH in Rel.17, when the total number of LP and HP HARQ-ACK bits is 2 bits, provide design details for decision for the following cases in RAN1#104e.
· Multiplexing on a PUCCH format 0
· Multiplexing on a PUCCH format 1

Agreement:
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in rel.17, support a mechanism for gNB to enable / disable the multiplexing.
· FFS: The type of the mechanism, e.g., DCI indication and/or RRC configuration
· FFS: Interaction between the enable / disable mechanism and other multiplexing conditions
· FFS: For other types of UCI

Agreement:
· For HARQ-ACK multiplexing on PUSCH of different priority in Rel.17, support a mechanism for gNB to enable / disable the multiplexing.
· FFS: The type of the mechanism, e.g., DCI indication and/or RRC configuration, beta-offset=0
· FFS: Interaction between the enable / disable mechanism and other multiplexing conditions
· FFS: For other types of UCI

Agreement:
· Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in Rel.17.
· FFS: The related cancellation behaviour for the PUSCH of lower PHY priority and other details
· First clarify what is the scope of this feature, e.g., if overlapping between more than 2 channels is considered.
· FFS: The timeline requirements
· First clarify what is the behaviour of Rel.16 UE in case of DG / CG / UCI overlapping, with and without uplink skipping enabled.
· FFS: UE capability for this feature
· Note: The main bullet has been agreed in the WID by RAN plenary

RAN1#104e
Working assumption:
· Reuse Rel.15 intra-UE PUCCH / PUSCH multiplexing timeline requirements for Rel.17 intra-UE PUCCH / PUSCH multiplexing with different priorities.
· FFS whether or not to specify a different behavior than Rel.15 when the timeline requirements are not met

Agreement:
· For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in Rel.17
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-Config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
· FFS: Details

Agreement:
· When a PUCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis).
· 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.
· FFS whether with power boost to transmit multiplexed payload or not
· 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.
· Other options not excluded.
· FFS whether/how to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK

Agreement:
· When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, further study the following options (proponents are encouraged to provide more details and analysis).
· 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.
· FFS whether with power boost to transmit multiplexed payload or not
· 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.
· FFS on conditions of multiplexing
· 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
· Other options not excluded.
· FFS whether/how to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK

Agreement:
· When a PUCCH carrying HP SR with PF1 overlaps with a PUCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis).
· 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 4CS 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
· Other options not excluded
· FFS whether/how to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK

Agreement:
· For multiplexing LP HARQ-ACK in a HP PUSCH, support 0 < beta-offset < 1.
· FFS: Value(s)
· FFS to additionally support beta-offset = 0 or a value disabling the multiplexing
· Aim to not increase the corresponding bitwidth in the DCI (compared to Rel.16).

Agreement:
· Per UE with the capability of inter-band CA, simultaneous PUCCH / PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group.
· FFS: Dynamic indication

RAN1#104bis-e
Agreement:
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in Rel.17, when the total number of LP and HP HARQ-ACK bits is more than 2, support separate coding for the two HARQ-ACKs.
· FFS for HP HARQ-ACK or LP HARQ-ACK of 1 – 2 bit(s)
· (Working assumption) Drop CSI (including part 1 and part 2, if exist) if CSI would multiplex on a PUCCH which has HP HARQ-ACK.
· FFS: Strive to let HP HARQ-ACK reuse the encoder, rate matching equation, and RE mapping rules in Rel.15 HARQ-ACK + CSI part 1
· FFS: Strive to let LP HARQ-ACK reuse the encoder, rate matching equation, and mapping rules in Rel.15 for CSI part 2

Agreement:
· For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUSCH in Rel.17, support separate coding for the two HARQ-ACKs.
· It is understood that it is intended that the number of encoding chains for all UCI multiplexing combinations in Rel.17 should not exceed that in Rel.15/16.

RAN1#105e
Agreement:
· For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in Rel.17, 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 Rel.15 TS38.212 Clause 5.3.3.1 for 1 bit. Reuse Rel.15 TS38.212 Clause 5.3.3.2 for 2 bits.
· Option 2: Reuse Rel.15 TS38.212 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 Rel.15 TS38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS: Rate matching equation and RE mapping rules for PUCCH format 2 / 3 / 4. Rel.15 is baseline if available.

Agreement:
· For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in Rel.17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with high priority.
· Rel.15 design (for PUCCH format 0 and PUCCH format 1) is baseline.
· Note: Qualcomm has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. Qualcomm accept the scheme for the sake of progress in RAN1 with the concern on the performance reserved.
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