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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#102-e we agreed the following:

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).
 
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
 
This contribution discusses some aspects on intra-UE UCI multiplexing.
2. Discussions
2.1 Multiplexing LP HARQ-ACK into PUCCH
In RAN1#102e, it was agreed that Low L1 Priority (LP) HARQ-ACK can be multiplexed with High L1 Priority (HP) HARQ-ACK and/or SR in a PUCCH.  The PUCCH that should carry the multiplexed UCI needs to ensure that the HP UCIs are delivered with the required reliability and latency.  Since the HP PUCCH is scheduled to handle HP UCIs, we expect that the HP PUCCH would meet the reliability and latency requirement.  Hence, the multiplexed UCI should be carried by the HP PUCCH.
Proposal 1: When a Low L1 Priority HARQ-ACK is multiplexed with High L1 Priority HARQ-ACK and/or SR, the multiplexed UCIs are carried by the High L1 Priority PUCCH.

Multiplexing LP HARQ-ACKs into a HP PUCCH will increase the HP PUCCH payload, which may affect its reliability.  To ensure the reliability of the HP PUCCH, some conditions were proposed in the previous meetings where the UE needs to ensure the code rate of the PUCCH is sufficiently low, for example if the code rate is exceeded the UE drops the LP HARQ-ACK [1].  However, this will require the UE to perform additional calculations in addition to the ones required to determine the number of PRBs for the PUCCH.  An alternative solution is to let the gNB decide whether the LP HARQ-ACK can be multiplexed into the HP PUCCH since the gNB is aware of the uplink radio condition and the scheduling of the PUCCHs [2].  Here, the gNB can indicate in the DL Grant scheduling the HP PUCCH whether the UE can multiplex colliding LP HARQ-ACK or drop the LP HARQ-ACK.
It is noted that the UE will need to satisfy the processing timeline, i.e. to ensure it has sufficient time to perform multiplexing of LP HARQ-ACK into a HP PUCCH [3].  This should be handled by the gNB since the gNB is aware of the UE processing capability.
Proposal 2:  Whether the UE should multiplex or drop LP HARQ-ACK that collides with a HP PUCCH is dynamically indicated by the gNB.

2.2 Multiplexing LP and HP HARQ-ACK into PUSCH
In Rel-15, the number of REs that can be used to multiplex UCI into a PUSCH is determined by the  and  factors.  The  factor is RRC configured and is a scaling factor that determines the maximum percentage of PUSCH REs that can be used for UCI.  The  factor is dynamically indicated in the UL Grant and is a multiplier applied onto the UCI to determine the actual number of REs that is required.  Since these factors determine the number of resources used on the UCI, they have an impact on the reliability of the UCI and the PUSCH.  
Observation 1: The  and  factors used for UCI multiplexing into PUSCH have an impact on the reliability of the UCI and PUSCH.

It therefore makes sense that different set of  and  values are applied depending on whether the UCI being multiplexed have different or the same L1 priority.  For example, if HP UCI is multiplexed into a HP PUSCH, a higher  factor is required to protect the HP UCI but if the UCI is of LP, then a smaller  factor is used.  Another example is if a HP UCI is multiplexed into a LP PUSCH, a larger portion of the PUSCH can be made available for the HP UCI compared to when multiplexing a LP UCI and therefore a different  should be applied.  For the indication of the  factor, the existing “beta_offset indicator” in the UL Grant can be reused where a different  factor is used depending on whether the UCI is HP or LP and whether the PUSCH is HP or LP.  An example is shown in Table 1, where the UE uses the appropriate column depending on the L1 priority of the PUSCH and UCI.  Here one of the values indicates not to multiplex any UCI for the case where the PUSCH is HP and the UCI is LP.
[bookmark: _Ref54358706]Table 1: Lookup table for  values depending on UCI & PUSCH L1 priority
	beta_offset indicator
	 values

	
	PUSCH High Priority
	PUSCH Low Priority

	
	UCI Same Priority
	UCI Different Priority
	UCI Same Priority
	UCI Different Priority

	00
	2
	NO MUX
	1
	4

	01
	4
	1
	2
	8

	10
	8
	2.5
	5
	10

	11
	10
	5
	8
	20




Proposal 3: A different set of  and  values are applied depending on whether the UCI being multiplexed into the PUSCH have different or the same L1 priority.

3. Conclusion
In this contribution, we discuss some aspects of multiplexing of UCI with different L1 priorities.  We observe the following: 
Observation 1: The  and  factors used for UCI multiplexing into PUSCH have an impact on the reliability of the UCI and PUSCH.

We therefore propose the following:
Proposal 1: When a Low L1 Priority HARQ-ACK is multiplexed with High L1 Priority HARQ-ACK and/or SR, the multiplexed UCIs are carried by the High L1 Priority PUCCH.
Proposal 2:  Whether the UE should multiplex or drop LP HARQ-ACK that collides with a HP PUCCH is dynamically indicated by the gNB.
Proposal 3: A different set of  and  values are applied depending on whether the UCI being multiplexed into the PUSCH have different or the same L1 priority.
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