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Introduction
This contribution provides some considerations on the remaining issues of intra-UE multiplexing/prioritization for Rel-17 URLLC/IIoT.
Multiplexing UCIs of different priorities in a PUCCH
HP SR + HP HARQ-ACK with PF0/1 multiplexed with LP HARQ-ACK
For the issues of a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, the following proposal 1 was provided. 
	Proposal 1:
[bookmark: OLE_LINK6]When a PUCCH carrying explicit/implicit HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, where the original PUCCH carrying the HP HARQ-ACK before Step 1 overlaps with K HP SRs,
· In Step 1, 1-bit HP SR is multiplexed to HP HARQ-ACK bits (based on Rel-15 rules) for determining the resultant PUCCH resource. 
· Note: The description of Step 1 here is only for information purpose, which has no spec impact.
· In Step 2, down-select from the two options:
· Option 0: When a PUCCH carrying positive HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, the PUCCH carrying LP HARQ-ACK is dropped.
· Option 2: 
If HP HARQ-ACK is dynamic HARQ-ACK or SPS HARQ-ACK with sps-PUCCH-AN-List, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 
· The resultant PUCCH resource for multiplexing HP SR + HP HARQ-ACK + LP HARQ-ACK is either of PF2, PF3, or PF4.
If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.



We provided one questions during the email discussion. It needs to clarify that when HP SR PUCCH on PF0 overlapping with HP HARQ-ACK on PF1, HP SR is dropped, is this should be involved in the above proposal, e.g. HP SR is treated as no SR or negative SR? If this case does not belong to the above condition, for example, it is regarded as HP HARQ-ACK only with PUCCH format 1. When it is overlapping with a PUCCH carrying LP HARQ-ACK, there is no SR bit is appended. Otherwise, if it is regarded as negative SR, then 1 bit SR should be appended. Therefore, it needs clarification, such as: when a UE would transmit SR in a resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the PUCCH with the HARQ-ACK information is regarded as negative SR or no SR. 
Proposal 1. Clarify that when a UE would transmit SR in a resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the resultant PUCCH format 1 is regarded as negative SR or no SR. 
Multiplexing UCIs of different priorities in a PUSCH
During the previous meetings, separate coding for HP and LP UCI multiplexing on a PUSCH have been discussed a lot. The following table summarizes the current agreed cases in Rel-17 intra-UE multiplexing with different priorities. 
Table 1: Summary of separate coding of HP and LP UCI multiplexing on PUSCH
	
	HP HARQ-ACK
	HP CSI1
	HP CSI2
	LP HARQ-ACK
	LP CSI1
	LP CSI2
	R15 HARQ-ACK rate matching/puncturing and RE mapping 
	R15 CSI part 1 rate matching and RE mapping
	R15 CSI part 2 rate matching and RE mapping
	Dropped

	HP PUSCH or LP PUSCH
	*
	
	
	*
	
	
	HP HARQ-ACK
	LP HARQ-ACK.
	　
	　

	LP PUSCH
	*
	
	
	*
	*
	w/o
	HP HARQ-ACK
	LP HARQ-ACK.
	LP CSI1
	LP CSI2 if any

	
	*
	
	
	
	*
	w/o
	HP HARQ-ACK
	LP CSI1
	LP CSI2 if any
	

	HP PUSCH
	*
	*
	
	*
	
	
	HP HARQ-ACK
	HP CSI1
	LP HARQ-ACK.
	　

	
	*
	*
	*
	*
	
	
	HP HARQ-ACK
	HP CSI1
	HP CSI2
	LP HARQ-ACK.

	
	
	*
	
	*
	
	
	
	HP CSI1
	LP HARQ-ACK.
	

	
	
	*
	*
	*
	
	
	
	HP CSI1
	HP CSI2
	LP HARQ-ACK.

	
	
	
	
	*
	
	
	
	LP HARQ-ACK.
	
	


Note: * means there is with type of UCI. And w/o means with or without this UCI type
The remaining issues including CG-UCI multiplexing, and how to do LP HARQ-ACK on PUSCH If no enough resource.
CG-UCI multiplexing
From the agreement achieved in RAN1#106e, there are two conditions that can be configured by higher layer signalling, one condition is LP channel is dropped as same as Rel-16; the other condition is HARQ-ACK would be multiplexed in CG-PUSCH, then the multiplexing coding and RE mapping of HARQ-ACK and CG-UCI on PUSCH with different priority should be defined.
	i) Agreement in RAN1#106b
· When performing Intra-UE multiplexing procedure, if a PUCCH with HARQ-ACK overlaps with a CG-PUSCH and the cg-RetransmissionTimer is configured:
· If the HARQ-ACK and the CG-PUSCH have the same priority and the CG-PUSCH is selected for HARQ-ACK multiplexing:
· If cg-UCI-Multiplexing is enabled for that CG-PUSCH, HARQ-ACK would be multiplexed in CG-PUSCH.
· Otherwise, CG-PUSCH would be dropped.
· If the HARQ-ACK and the CG-PUSCH have different priority and the CG-PUSCH is selected for HARQ-ACK multiplexing:
· If multiplexing HARQ-ACK on the CG-PUSCH with different priroity is not indicated, 
· The LP channel between PUCCH or CG-PUSCH would be dropped as in Rel-16.
· If multiplexing HARQ-ACK on the CG-PUSCH with different priroity is indicated, 
· If cg-UCI-Multiplexing is enabled for that CG-PUSCH, HARQ-ACK would be multiplexed in CG-PUSCH.
· Otherwise, the LP channel would be dropped.



According to the priority of CG-UCI, it can be with the same priority of CG-PUSCH. The first reason is reuse the same rule of SP-CSI PUSCH which SP-CSI also share the same priority of CG-PUSCH. Another reason is CG-UCI includes COT sharing information, HARQ process and RV. All of those information is about the CG-PUSCH and its COT, so it is naturally to share the same priority.
Based on the priority of CG-UCI, all the mechanisms we have agreed can be directly applied to CG-UCI. If there are same priority of CG-UCI and HARQ-ACK, Rel-16 NR-U joint coding of HARQ-ACK and CG-UCI is done in the step 1, and then UCI types with different priorities colliding with HARQ-ACK and CG-UCI on PUSCH are done according to Rel-17 intra-UE multiplexing rules. 
[bookmark: OLE_LINK5]Otherwise, if there are different priorities of CG-UCI and HARQ-ACK, CG-UCI is treated as HARQ-ACK with the same priority, even if the corresponding HARQ-ACK is not exited. The different priority of UCI can be multiplexed on CG-PUSCH with CG-UCI by assuming CG-PUSCH with same priority of HARQ-ACK. Such as: when there are only CG-UCI on HP PUSCH, without HP HARQ-ACK,  the HP CG-UCI should be multiplexed on the LP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK. The following table shows cases of Rel-17 intra-UE multiplexing related with CG-UCI on PUSCH 
Table 2: Rel-17 intra-UE multiplexing related with CG-UCI on PUSCH
	
	HP HARQ-ACK
	HP CSI1
	HP CSI2
	LP HARQ-ACK
	LP CSI1
	LP CSI2
	R15 HARQ-ACK rate matching/puncturing and RE mapping 
	R15 CSI part 1 rate matching and RE mapping
	R15 CSI part 2 rate matching and RE mapping
	Dropped

	CG-UCI on LP PUSCH
	*
	
	
	*
	
	
	HP HARQ-ACK
	Joint coding of LP HARQ-ACK and CG-UCI.
	　
	　

	
	*
	
	
	*
	*
	w/o
	HP HARQ-ACK
	Joint coding of LP HARQ-ACK and CG-UCI.
	LP CSI1
	LP CSI2 if any

	
	*
	
	
	
	*
	w/o
	HP HARQ-ACK
	CG-UCI.
	LP CSI1
	LP CSI2 if any

	CG-UCI on HP PUSCH

	*
	
	
	*
	
	
	Joint coding of HP HARQ-ACK and CG-UCI
	LP HARQ-ACK.
	　
	　

	
	*
	*
	
	*
	
	
	Joint coding of HP HARQ-ACK and CG-UCI
	HP CSI1
	LP HARQ-ACK.
	　

	
	*
	*
	*
	*
	
	
	Joint coding of HP HARQ-ACK and CG-UCI
	HP CSI1
	HP CSI2
	LP HARQ-ACK.

	
	
	*
	
	*
	
	
	CG-UCI.
	HP CSI1
	LP HARQ-ACK.
	

	
	
	*
	*
	*
	
	
	CG-UCI.
	HP CSI1
	HP CSI2
	LP HARQ-ACK.

	
	
	
	
	*
	
	
	CG-UCI.
	LP HARQ-ACK.
	
	


Note: * means there is this type of UCI.

Proposal 2. CG-UCI is with the same priority of the CG-PUSCH.
Proposal 3. If there are same priority of CG-UCI and HARQ-ACK, Rel-16 NR-U joint coding of HARQ-ACK and CG-UCI is done in the step 1, and then UCI types with different priorities colliding with HARQ-ACK and CG-UCI on PUSCH are done according to Rel-17 intra-UE multiplexing rules.
Proposal 4. If there are no same priority of CG-UCI and HARQ-ACK, the rate matching/puncturing and RE mapping listed in Table 2 is applied.
a) If LP HARQ-ACK would be transmitted on HP PUSCH with CG-UCI, CG-UCI is treated as HP HARQ-ACK assuming the existence, i.e. by reusing the rate matching/puncturing and RE mapping for HP HARQ-ACK.
b) If HP HARQ-ACK would be transmitted on LP PUSCH with CG-UCI, CG-UCI is treated as LP HARQ-ACK assuming the existence, i.e. by reusing the rate matching/puncturing and RE mapping for LP HARQ-ACK.
If no enough resource where multiplexing LP HARQ-ACK on to HP PUSCH
When LP HARQ-ACK would be transmitted on HP PUSCH, if there is no enough resource for LP HARQ-ACK when it applies the rate matching and RE mapping of CSI part 2, Option 2 from the below proposal is supported. 
	For the scenarios where multiplexing low-priority HARQ-ACK onto high-priority PUSCH, down-select from the options:
· Option 1: In case of insufficient resource for LP HARQ-ACK, LP HARQ-ACK is entirely dropped
· Option 2: LP HARQ-ACKs are mapped to the rest REs of the PUSCH based on the rate matching equation, if HP HARQ-ACK and/or HP CSI have been mapped in prior on the PUSCH. 
· Option 3: UE does not expect insufficient resource for multiplexing low-priority HARQ-ACK



The first reason is to keep aligned with LP HARQ-ACK multiplexing on HP PUCCH, it would be good to have a unified solution for PUCCH and PUSCH. 
The second reason is there is totally clear remaining resources for LP HARQ-ACK, so no problem to calculate how many REs are needed in this situation. However, it would be more appropriate to clarify that the above only happens when LP HARQ-ACK using rate matching and RE mapping of CSI part 2. So we have the following proposal:
Proposal 5. For the scenarios where multiplexing low-priority HARQ-ACK onto high-priority PUSCH using rate matching and RE mapping of CSI part 2, 
· Option 2: LP HARQ-ACKs are mapped to the rest REs of the PUSCH based on the rate matching equation, if HP HARQ-ACK and/or HP CSI have been mapped in prior on the PUSCH.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. Clarify that when a UE would transmit SR in a resource using PUCCH format 0 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the resultant PUCCH format 1 is regarded as negative SR or no SR. 
Proposal 2. CG-UCI is with the same priority of the CG-PUSCH.
Proposal 3. If there are same priority of CG-UCI and HARQ-ACK, Rel-16 NR-U joint coding of HARQ-ACK and CG-UCI is done in the step 1, and then UCI types with different priorities colliding with HARQ-ACK and CG-UCI on PUSCH are done according to Rel-17 intra-UE multiplexing rules.
Proposal 4. If there are no same priority of CG-UCI and HARQ-ACK, the rate matching/puncturing and RE mapping listed in Table 2 is applied.
a) If LP HARQ-ACK would be transmitted on HP PUSCH with CG-UCI, CG-UCI is treated as HP HARQ-ACK assuming the existence, i.e. by reusing the rate matching/puncturing and RE mapping for HP HARQ-ACK.
b) If HP HARQ-ACK would be transmitted on LP PUSCH with CG-UCI, CG-UCI is treated as LP HARQ-ACK assuming the existence, i.e. by reusing the rate matching/puncturing and RE mapping for LP HARQ-ACK.
Proposal 5. For the scenarios where multiplexing low-priority HARQ-ACK onto high-priority PUSCH using rate matching and RE mapping of CSI part 2, 
· Option 2: LP HARQ-ACKs are mapped to the rest REs of the PUSCH based on the rate matching equation, if HP HARQ-ACK and/or HP CSI have been mapped in prior on the PUSCH.
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