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1. Introduction
In this contribution, we provide our views on the supported cases in Rel-17 for intra-UE multiplexing on with different priorities on PUCCH and PUSCH, and details of agreed prioritization of PUSCH with different priorities.
2. UCI multiplexing on PUCCH
In RAN1 #102-e [1], for multiplexing of UCI with different priorities on PUCCH, the following were agreed.Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a 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. HP or LP 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, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).

In general. multiplexing of UCI with different priorities can be supported by RRC configuration. To multiplex UCI with different priorities on a PUCCH, the status or transmission of the high priority (HP) PUCCH should be known before the low priority (LP) PUCCH transmission, i.e. the channel dropping timing should be satisfied so that the LP PUCCH can be fully dropped. Extra symbols may be added to the dropping timeline to allow processing time for the UCI multiplexing.
For multiplexing a HP HARQ-ACK and a LP HARQ-ACK, to minimize impact on HP HARQ-ACK, a HP HARQ-ACK PUCCH resource should be used for multiplexing of HARQ-ACK with different priorities on PUCCH. The multiplexing methods can be different based on the applicable PUCCH formats. 
Proposal 1: A HP PUCCH resource should be used for HARQ-ACK multiplexing with different priorities. 
For example, if the HP HARQ-ACK and low-priority (LP) HARQ-ACK are up to 2 bits, HARQ-ACK bundling and multiplexing performed and be reported on the HP HARQ-ACK PUCCH with PUCCH format 0 or 1. 
For larger HARQ-ACK payload size, a HP PUCCH resource with format 2/3/4 should be used to carry both HP and LP HARQ-ACK. Both joint coding and separate coding methods can be considered. 
Joint coding performs one coding and rate matching by promoting the LP HARQ-ACK to the same BER performance as the HP HARQ-ACK. Separate coding can provide different BER performance for HARQ-ACK with different priorities, and can reduce the total PUCCH resource utilization or multiplex more bits with the same number of PRBs on a PUCCH. 
The selection of separate coding or joint coding can be determined by the payload sizes of HARQ-ACK with different priorities, e.g. if the total payload is smaller than a threshold value, joint coding is applied; otherwise, separate coding is employed.
For HARQ-ACK multiplexing on PUCCH format 2/3/4, the coding rate and PUCCH resource selection can be determined by the coding method. For joint coding, the total payload is used for PUCCH resource selection, and the maxCoderate configured the HP PUCCH resource is used for the code rate determination. For separate coding, a ratio or beta offset value can be configured to provide the relative coding rate between the HARQ-ACK with different priorities, and to determine an equivalent total payload for PUCCH resource selection.
Proposal 2: Different methods can be specified for different PUCCH formats for HARQ-ACK multiplexing with different priorities.
· For up to 2 bits of HP HARQ-ACK and LP HARQ-ACK, HARQ-ACK can be multiplexed on the HP PUCCH using PUCCH format 0 or 1.
· For larger HARQ-ACK payload HARQ-ACK multiplexing on PUCCH format 2/3/4, both joint coding and separate coding can be supported. 
· FFS on the conditions for each coding method.
· FFS on code rate determination and PUCCH selection for different coding methods
For multiplexing a LP HARQ-ACK and a HP SR, all PUCCH format combinations can be considered. 
For LP HARQ-ACK with PUCCH format 0 collision with HP positive SR using PUCCH format 0 or 1, a different cyclic shift (CS) can be used to differentiate a LP SR and a HP SR on the LP HARQ-ACK PUCCH resource, e.g. for 2 bits of HARQ-ACK, CS+1 and CS +2 over the HARQ-ACK only CS indicate a LP positive SR and a HP positive SR respectively. For LP HARQ-ACK with PUCCH format 0 or 1 collision with HP positive SR using PUCCH format 0, a HP HARQ-ACK PUCCH resource can be selected to report the LP HARQ-ACK. For LP HARQ-ACK with PUCCH format 1 collision with HP positive SR using PUCCH format 1, the high priority SR PUCCH resource can be used to carry the LP HARQ-ACK. For LP HARQ-ACK with PUCCH format 2/3/4 collision with HP SRs, while bits are appended to the HARQ-ACK information for overlapping LP SRs, extra bits can be prepended to the LP HARQ-ACK bits for overlapping HP SRs.
Proposal 3: Support all PUCCH format combinations for LP HARQ-ACK and HP SR
The case of multiplexing a LP HARQ-ACK, a HP HARQ-ACK and a HR SR should be discussed after above two cases for the HARQ-ACK only and LP HARQ-ACK and HP SR multiplexing. However, the order of multiplexing within a priority before the multiplexing between different priorities should be maintained as a working assumption.
3. UCI multiplexing on PUSCH
RAN1 $102e agreed the following for multiplexing of UCI on PUSCH with different priorities.Agreements:

Support multiplexing for following scenarios in R17:
· 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 impact on the latency for 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, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP 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

For LP HARQ-ACK on HP PUSCH, the HARQ-ACK timing can be satisfied. Thus, the existing Rel-16 method can be reused by applying a separate beta offset value as already agreed. 
For HP HARQ-ACK on LP PUSCH, beside a different beta offset from LP HARQ-ACK, more details need to be discussed on the supported conditions and the locations for HARQ-ACK multiplexing. 
For example, multiplexing of HP HARQ-ACK on LP PUSCH can be supported if the LP PUSCH can be fully dropped based on existing channel dropping timeline. In another case, multiplexing of HP HARQ-ACK on LP PUSCH can be supported even if the LP PUSCH is already started. 
Furthermore, for HP HARQ-ACK multiplexing on LP PUSCH, puncturing can be used instead of rate matching even for more than 2 bits of HARQ-ACK. 
To maintain the HARQ-ACK timing, the HARQ-ACK can be multiplexed within the overlapping symbols between the HP PUCCH and the LP PUSCH. Furthermore, the HARQ-ACK can be multiplexed in a single hop only. The HARQ-ACK multiplexing may not be immediately after a DMRS symbol. If the HARQ-ACK multiplexing is far away from a DMRS, a UCI/RS structure as in PUCCH format 2 may be considered to provide better DMRS references for the HP HARQ-ACK on LP PUSCH.
Among the 4 scenarios to be supported in Rel-17, the first two scenarios should be discussed and specified first. The next two scenarios can be discussed later based on the outcomes of the first two scenarios.

Proposal 4: Prioritize the scenarios on HARQ-ACK multiplexing on PUSCH with different priorities.
· For LP HARQ-ACK on HP PUSCH, re-use Rel-16 method with a separate beta offset.
· For HP HARQ-ACK on LP PUSCH, the conditions and multiplexing locations should be further studied besides a separate beta offset.
4. Prioritization of PUSCH with different priorities
RAN1 agreed to support PHY prioritization for PUSCH with different priorities. Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.


In general, for collision between PUSCH transmissions with different priorities, the HP PUSCH should be transmitted, and the LP PUSCH should be dropped. For a configured grant PUSCH (CG-PUSCH), a PUSCH transmission occurs only if there is data the buffer of the CG traffic. If there is no data, the CG-PUSCH transmission will not occur. Thus, a UL channel overlap with a CG-PUSCH does not always lead a channel collision. A collision occurs only if the CG-PUSCH has data to be transmitted.
Therefore, in case of channel overlapping with a CG-PUSCH with high priority and a dynamic grant PUSCH (DG-PUSCH) with low priority, if there is data in the buffer for the HP CG-PUSCH before the transmission of the LP DG-PUSCH, the LP DG-PUSCH can be fully dropped since a collision is known already. On the other hand, if there is no data in the buffer of the HP CG PUSCH transmission before the LP DG-PUSCH starts, the LP DG-PUSCH should start as scheduled. And if data arrives after the start of LP DG-PUSCH, the HP CG-PUSCH channel should be transmitted by dropping the ongoing LP DG-PUSCH. The LP DG-PUSCH may be dropped from the overlapping symbol or when data arrives at the buffer for the CG-PUSCH transmission. 
Thus, if a HP CG-PUSCH has data to be transmitted, it can be a UE implementation issue as long as the LP DG-PUSCH is dropped before the starting symbol of the HP CG-PUSCH transmission. The current specification can be extended to the collision case between HP CG-PUSCH and LP DG-PUSCH, i.e. “the UE is expected to cancel the PUCCH/PUSCH transmissions of smaller priority index before the first symbol overlapping with the PUCCH/PUSCH transmission of larger priority index.”
Proposal 5: For collision between a LP DG-PUSCH and a HP CG-PUSCH, the LP DG-PUSCH should be dropped before the first symbol overlapping with the HP CG-PUSCH transmission. 
· The actual dropping time can be left as UE implementation.
5. Conclusion
[bookmark: _References]In this contribution, we provide the following proposals for potential enhancement of intra-UE multiplexing and prioritization. 
For multiplexing UCI with different priorities on PUCCH, we propose
Proposal 1: A HP PUCCH resource should be used for HARQ-ACK multiplexing with different priorities. 
Proposal 2: Different methods can be specified for different PUCCH formats for HARQ-ACK multiplexing with different priorities.
· For up to 2 bits of HP HARQ-ACK and LP HARQ-ACK, HARQ-ACK can be multiplexed on the HP PUCCH using PUCCH format 0 or 1.
· For larger HARQ-ACK payload HARQ-ACK multiplexing on PUCCH format 2/3/4, both joint coding and separate coding can be supported. 
· FFS on the conditions for each coding method.
· FFS on the code rate determination and PUCCH selection for different coding methods
Proposal 3: Support all PUCCH format combinations for LP HARQ-ACK and HP SR
For UCI multiplexing on PUSCH with different priorities, we propose
Proposal 4: Prioritize the scenarios on HARQ-ACK multiplexing on PUSCH with different priorities.
· For LP HARQ-ACK on HP PUSCH, re-use Rel-16 method with a separate beta offset.
· For HP HARQ-ACK on LP PUSCH, the conditions and multiplexing locations should be further studied besides a separate beta offset.
For collision handling between PUSCH with different priorities, we propose
Proposal 5: For collision between a LP DG-PUSCH and a HP CG-PUSCH, the LP DG-PUSCH should be dropped before the first symbol overlapping with the HP CG-PUSCH transmission. 
· The actual dropping time can be left as UE implementation.
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