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1. Introduction
In RAN1#108-e meeting, following agreements/conclusions were made to support intra-UE multiplexing and prioritization in Rel-17 [1]. 

	Agreement
For resolving collision of PUCCHs of different priorities without repetition within a time unit, down-select from the following options:
· Option 1:
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select up to one PUCCH resource overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 2: 
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
FFS: Details on time units for all options

Agreement
The following working assumption is now confirmed.
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used.

Agreement
To resolve overlapping between a HP PUCCH carrying HARQ-ACK only and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed with HP HARQ-ACK and LP CSI/SR are dropped.
· FFS: The Rel-15 timeline is applied for all the overlapping channels before step 1

Agreement
To resolve overlapping between a HP PUCCH carrying positive SR only and a LP PUCCH carrying HARQ-ACK and CSI and/or SR, LP PUCCH with PF2/3/4 is dropped.
· FFS LP PUCCH carrying LP HARQ-ACK and LP SR with PF 0/1

Agreement
To resolve overlapping between a HP PUSCH with or without HP UCI and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed in HP PUSCH and LP CSI/SR are dropped.
· FFS: The Rel-15 timeline is applied for all the overlapping channels before step 1

Agreement
For Rel-17 intra-UE multiplexing, PUCCH and PUSCH cancellation due to dynamic SFI, semi-static DL symbols and SSB symbols are performed after step 2 of Rel-17 intra-UE multiplexing.

Agreement
The same time unit is used for resolving collision of PUCCHs of different priorities with and without repetition.

Agreement
For resolving collision of overlapping PUCCHs and PUSCHs of different priorities in Step 2.2,
· If a LP PUSCH overlaps with a HP PUCCH with repetitions, the LP PUSCH is dropped before multiplexing with HP HARQ-ACK if any.
· If a HP PUSCH overlaps with a LP PUCCH with repetitions, the LP PUCCH is dropped.

Agreement
Confirm the following working assumption in RAN1#107bis-e with the following update (in RED):
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, LP PUSCH(s) overlapping with HP PUCCH resource which carries at least positive HP SR are dropped before UCI multiplexing.
· Step 1.2 behavior is not affected by the above

Conclusion
If UCI-MuxWithDifferentPriority or UCI-MuxWithDifferentPriority-secondaryPUCCHgroup is enabled for a cell group, it is not expected that MAC PDUs are delivered for two overlapping CG PUSCHs of different PHY priorities on a serving cell within the same cell group.

Agreement
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the following is adopted.
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select up to one PUCCH resource overlapping with the reference PUCCH resource according to Rel-15 pseudo code 

Agreement
To resolve overlapping between a HP PUCCH carrying positive SR only and a LP PUCCH carrying LP HARQ-ACK and LP SR with PF 0/1, LP PUCCH is dropped.
 
Agreement
When Rel-17 intra-UE multiplexing is enabled by UCI-MuxWithDifferentPriority or UCI-MuxWithDifferentPriority-secondaryPUCCHgroup, the Rel-15 timeline is applied for all the overlapping channels (regardless of their priorities) before step 1.

Agreement
To resolve overlapping between a HP PUCCH carrying SR and HP HARQ-ACK with PUCCH format 2/3/4 and a LP PUCCH carrying HARQ-ACK and CSI/SR, only LP HARQ-ACK is multiplexed with HP UCI (i.e., SR and HARQ-ACK) and LP CSI/SR are dropped.
· FFS HP PUCCH with PUCCH format 0/1

Agreement
For resolving collision of overlapping PUCCHs of different priorities in Step 2.1, resolve collision of PUCCHs with repetitions before resolving collision of PUCCHs without repetitions. After resolving collision of PUCCHs without repetition, it is not expected that a PUCCH would overlap with another PUCCH with repetition.
· Note: A PUCCH without repetitions not overlapping with any other PUCCH with repetitions is not considered into the above collision resolving of PUCCHs with repetitions

Agreement
For resolving collision of overlapping PUCCHs of different priorities with repetition in Step 2.1 where at least one of the overlapping PUCCHs is subject to repetition, LP PUCCH overlapping with HP PUCCH is dropped if any overlapping PUCCH is subject to repetition.

Agreement
For resolving collision of overlapping PUCCHs of different priorities without repetition in Step 2.1, a LP PUCCH is associated with the first overlapping time unit of HP HARQ-ACK. For a subsequent overlapping time unit of HP HARQ-ACK if any, the LP PUCCH is associated with the time unit if the LP PUCCH is not determined to be dropped or multiplexed with other channels in previous overlapping time unit(s).
· Note: Rel-15 timeline is applied for all the overlapping channels (regardless of their priorities) in a group of overlapping channels within a slot before step 1

Agreement
For the scenario where a PUCCH carrying high-priority HARQ-ACK overlaps with another PUCCH carrying low-priority HARQ-ACK and the total payload size is two bits, the order of the multiplexed two bits is: 
· High-priority HARQ-ACK bit, low-priority HARQ-ACK bit.

Agreement
If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH, the HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK. 

Conclusion
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, reuse the same power control formula as in Rel-15. 
· No specification impacts. 

Agreement
When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1, the LP HARQ ACK is dropped when colliding with positive SR

Agreement
The values for beta-offset values <1 are:
	

	0.6

	0.4

	0.2

	0.1

	0.05


· They are mapped to indices 16-20 in the table.
· These values are used in addition to the legacy values in indices 0-15.

Agreement
If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH, down-select from the options:
· Option 2: UE follows the same behaviour as that in case of PUSCH with HP HARQ-ACK assuming two bits
· FFS for CG-UCI PUSCH.

Conclusion
There is no consensus in RAN1 to introduce specification support to address the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection 



In this contribution, we discuss and provide our views on the remaining issues for supporting intra-UE multiplexing in Rel-17.

2. Remaining issues on Intra-UE multiplexing

· Issue 1: Multiplexing between HP SR + HP AN with PF0/1 and LP AN PUCCH
During RAN1#108-e, it was discussed on how to multiplex/resolve the overlapping between HP SR + HP HARQ-ACK with PF0/1 and LP HARQ-ACK PUCCH. In the 5th round discussion, 8 different options (Options 0 ~ 7) were listed as the following.

	Proposal for 5th round discussion:
When a PUCCH carrying 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 which are all negative or include at least one positive,
· 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 following options,
· Option 0: LP HARQ-ACK is dropped.
· Option 1:  bits of HP SRs are appended, where K (K≥1) PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH carrying the HP HARQ-ACK. The number of HP UCI bits is .
· Option 2: 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.
· Option 3: 
· If there is 1-bit HP HARQ-ACK and 1 bit LP HARQ-ACK, LP HARQ-ACK bit can be simply treated as HP HARQ-ACK bit, and the two HP HARQ-ACK bits are multiplexed with the HP SR using Rel-16/Rel-15 rules.   
· If at least one of the HP HARQ-ACK payload size or LP HARQ-ACK payload size is greater than or equal to 2, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 
· For HP SR with PF0/PF1 and HP HARQ-ACK with PF0, the 1-bit HP HARQ-ACK + 1-bit HP SR + 1-bit LP HARQ-ACK are multiplexed on the PUCCH resource (with PF0) of HP HARQ-ACK by treating the LP HARQ-ACK as HP bit and following Rel-15/Rel-16 mux rules.
· For HP SR with PF0 and HP HARQ-ACK with PF1, according to Rel-15/Rel-16 rules, the SR is dropped. Then, the 1-bit LP HARQ-ACK is treated as HP bit and multiplexed with the HP HARQ-ACK bit on the PUCCH resource (with PF1) of HP HARQ-ACK.
· For HP SR with PF1 and HP HARQ-ACK with PF1, the 1-bit HP HARQ-ACK + 1-bit HP SR are multiplexed based on Rel-15/Rel-16 by ‘transmitting’ HP HARQ-ACK on the SR resource when the SR is positive; and ‘transmitting’ HP HARQ-ACK on the HP HARQ-ACK resource when the SR is negative. Then, the 1-bit LP HARQ-ACK is treated as HP bit and multiplexed with the HP HARQ-ACK bit (and thus implicitly with the HP SR) on the resulting PUCCH resource (with PF1) containing the HP HARQ-ACK bit.
· Option 4: 
· If there is 1-bit HP HARQ-ACK and 1 bit LP HARQ-ACK, 
· If HP SR and HP HARQ-ACK are on PUCCH format 1, LP HARQ-ACK bit can be simply treated as HP HARQ-ACK bit, and the two HP HARQ-ACK bits are multiplexed with the HP SR using Rel-16/Rel-15 rules.   
· If HP SR and HP HARQ-ACK are on PUCCH format 0, LP HARQ-ACK is dropped.
· If at least one of the HP HARQ-ACK payload size or LP HARQ-ACK payload size is greater than or equal to 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  (i.e. ).
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.
· Option 5: Based on total number of HP HARQ-ACK bits, LP HARQ-ACK bit, and SR bit, determine a resulting PUCCH resource in the configured HP PUCCH resources, either following PRI or sps-PUCCH-AN-List.
· If the resulting PUCCH is in PF0, treat the 1-bit LP A/N as if it is HP and reuse Rel-15 procedure to multiplex the three bits in the PF0 PUCCH. 
· If the resulting PUCCH is in PF2/3/4, append the HP SR to HP HARQ-ACK bits, then multiplex with LP HARQ-ACK by reusing the procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource in PF 2/3/4.
· Option 6:
· If there is 1-bit HP HARQ-ACK and 1 bit LP HARQ-ACK, 
· If HP SR and HP HARQ-ACK are on PUCCH format 1, LP HARQ-ACK bit can be simply treated as HP HARQ-ACK bit, and the two HP HARQ-ACK bits are multiplexed with the HP SR using Rel-16/Rel-15 rules.   
· If HP SR and HP HARQ-ACK are on PUCCH format 0, LP HARQ-ACK is dropped.
· If at least one of the HP HARQ-ACK payload size or LP HARQ-ACK payload size is greater than or equal to 2, 1-bit HP SR is appended to HP HARQ-ACK bits. The number of HP UCI bits is 
· Option 7:
· If there is 1-bit HP HARQ-ACK and 1 bit LP HARQ-ACK, LP HARQ-ACK is dropped.
· If at least one of the HP HARQ-ACK payload size or LP HARQ-ACK payload size is greater than or equal to 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 .
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.



In case of Option 0, it seems to be undesirable since LP HARQ-ACK would always be dropped even if HP PUCCH resources to accommodate the LP HARQ-ACK is available.
In case of Option 1, given that one HP SR (among K HP SRs) is already selected to be multiplexed with HP HARQ-ACK on PF0/1 by following Rel-15 rule in Step 1, UE should reconsider/reprocess all K HP SRs (including already precluded {K-1} HP SRs) again in Step 2. Thus, it doesn’t seem to be aligned with basic design principle of Step 1/2 and would cause complication.
In case of Option 2, even only with 1-bit HP HARQ-ACK and 1-bit LP HARQ-ACK, total UCI size becomes 3-bit (even though actual HARQ-ACK is 2-bit) and the 3-bit needs to be multiplexed on PF2/3/4, which is quite different from Rel-15/16 where SR and 2-bit HARQ-ACK are multiplexed on PF0/1. Thus, it would cause significant change/impact to Rel-15/16 PUCCH multiplexing framework (and relevant UE/gNB implementations) as well as increase of PUCCH resource overhead.
In case of Options 3 and 5, performance/reliability of HP SR + HP HARQ-ACK on PF0 would be quite degraded compared to Rel-16. For HP SR + 1-bit HP HARQ-ACK, 4 CSs {0, 3, 6, 9} are used on PF0, so the gap between adjacent CSs is 3 which is sufficient to guarantee the HP UCI performance. But, if 1-bit LP HARQ-ACK is treated as HP HARQ-ACK with Option 3/5, 8 CSs {0, 1, 3, 4, 6, 7, 9, 10} would be used on PF0, then the gap between adjacent CSs would be decreased to 1 which cause performance degradation of HP UCI. Therefore, in order for ensuring Rel-16 HP UCI reliability, it is reasonable to drop the 1-bit LP HARQ-ACK in above case.
In case of Option 6, it seems to be incomplete on the UE behaviour when the HP HARQ-ACK is SPS HARQ-ACK and the corresponding PUCCH resource is provided by n1PUCCH-AN. On the other hand, the relevant UE behaviour is provided in Options 4 and 7.

Based on the above observations, it is reasonable to adopt either Option 4 or Option 7 in terms of minimizing the impacts to UE/gNB implementations and PUCCH resource overhead as well as guaranteeing the performance/reliability of HP UCI transmission. 

Proposal #1: Agree the following proposal made in RAN1#108-e by adopting Option 4 or Option 7 for Step 2 below. 
	When a PUCCH carrying 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 which are all negative or include at least one positive,
· 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, adopt one of the following two options.
· Option 4: 
· If there is 1-bit HP HARQ-ACK and 1 bit LP HARQ-ACK, 
· If HP SR and HP HARQ-ACK are on PUCCH format 1, LP HARQ-ACK bit can be simply treated as HP HARQ-ACK bit, and the two HP HARQ-ACK bits are multiplexed with the HP SR using Rel-16/Rel-15 rules.   
· If HP SR and HP HARQ-ACK are on PUCCH format 0, LP HARQ-ACK is dropped.
· If at least one of the HP HARQ-ACK payload size or LP HARQ-ACK payload size is greater than or equal to 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  (i.e. ).
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.
· Option 7:
· If there is 1-bit HP HARQ-ACK and 1 bit LP HARQ-ACK, LP HARQ-ACK is dropped.
· If at least one of the HP HARQ-ACK payload size or LP HARQ-ACK payload size is greater than or equal to 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 .
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.



· Issue 2: Multiplexing of UCIs with different priorities on NR-U CG PUSCH
Regarding UCI multiplexing on NR-U CG PUSCH with CG-UCI in Rel-16, one of following two modes can be configured for the UE by the gNB. The two modes below were introduced to avoid increase in the (maximum) number of UCI encodings (from 3 to 4) on PUSCH due to CG-UCI.

1) Mode 1 (when cg-UCI-Multiplexing is enabled)
A. When CG PUSCH overlaps with HARQ-ACK PUCCH, CG-UCI and the HARQ-ACK are jointly encoded and mapped on the CG PUSCH. 
2) Mode 2 (when cg-UCI-Multiplexing is disabled)
A. When CG PUSCH overlaps with HARQ-ACK PUCCH, the CG PUSCH is not transmitted.

First of all, in case when the multiplexing of UCIs with different priories on PUCCH/PUSCH is enabled, there seems to be no reason to configure the above Mode 2 where lower priority between HARQ-ACK PUCCH and CG PUSCH would be dropped, since any CSI (part 1/2) would not be multiplexed on CG PUSCH (thus, the number of UCI encodings on the CG PUSCH would not be larger than 3). Furthermore, even for the above Mode 1, the joint encoding between CG-UCI and HARQ-ACK may not be required even for the same priority due to absence of the CSI on CG PUSCH (thus, the number of UCI encodings would not be larger than 3 even if CG-UCI and HARQ-ACK are separately encoded). 

Observation #1: In case when the multiplexing of UCIs with different priories on PUCCH/PUSCH is enabled, there seems no reason to disable cg-UCI-Multiplexing since any CSI would not be multiplexed on CG PUSCH (thus, the number of UCI encodings on CG PUSCH would not be larger than 3).

Observation #2: In case when the multiplexing of UCIs with different priories on PUCCH/PUSCH is enabled and also cg-UCI-Multiplexing is enabled, joint encoding between CG-UCI and HARQ-ACK may not be required (even for the same priority) due to absence of the CSI on CG PUSCH.

Based on the above observations, the following four cases (with different UCI combination and/or CG PUSCH priority) and relevant UE behaviours (with joint encoding or separate encoding) need to be discussed/decided, in case when the multiplexing of UCIs with different priories on PUCCH/PUSCH is enabled and also cg-UCI-Multiplexing is enabled. 

1) Case H1 
A. {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} would be multiplexed on HP CG PUSCH
i. Option 1: HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs.
1. The jointly-encoded HP UCIs reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1. 
ii. Option 2: HP HARQ-ACK, HP CG-UCI, and LP HARQ-ACK are separately encoded.
1. The HP HARQ-ACK, HP CG-UCI, LP HARQ-ACK reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, CSI part 1, CSI part 2, respectively.
2) Case H2
A. {HP CG-UCI, LP HARQ-ACK} would be multiplexed on HP CG PUSCH
i. HP CG-UCI and LP HARQ-ACK are separately encoded.
1. The HP CG-UCI reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1.
3) Case L1
A. {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} would be multiplexed on LP CG PUSCH
i. Option 1: LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs.
1. The HP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the jointly-encoded LP UCIs reuse the encoding/rate-matching/RE mapping of Rel-15 CSI part 1. 
ii. Option 2: HP HARQ-ACK, LP HARQ-ACK, and LP CG-UCI are separately encoded.
1. The HP HARQ-ACK, LP HARQ-ACK, and LP CG-UCI reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, CSI part 1, CSI part 2, respectively.
4) Case L2
A. {HP HARQ-ACK, LP CG-UCI} would be multiplexed on LP CG PUSCH
i. HP HARQ-ACK and LP CG-UCI are separately encoded.
1. The HP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP CG-UCI reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1.

Proposal #2: Consider the following cases and UE behaviours in case when the multiplexing of UCIs with different priories on PUCCH/PUSCH is enabled and also cg-UCI-Multiplexing is enabled.
	· Case H1 
· {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} would be multiplexed on HP CG PUSCH
· Option 1: HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs.
· The jointly-encoded HP UCIs reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1. 
· Option 2: HP HARQ-ACK, HP CG-UCI, and LP HARQ-ACK are separately encoded.
· The HP HARQ-ACK, HP CG-UCI, LP HARQ-ACK reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, CSI part 1, CSI part 2, respectively.
· Case H2
· {HP CG-UCI, LP HARQ-ACK} would be multiplexed on HP CG PUSCH
· HP CG-UCI and LP HARQ-ACK are separately encoded.
· The HP CG-UCI reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1.
· Case L1
· {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} would be multiplexed on LP CG PUSCH
· Option 1: LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs.
· The HP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the jointly-encoded LP UCIs reuse the encoding/rate-matching/RE mapping of Rel-15 CSI part 1. 
· Option 2: HP HARQ-ACK, LP HARQ-ACK, and LP CG-UCI are separately encoded.
· The HP HARQ-ACK, LP HARQ-ACK, and LP CG-UCI reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, CSI part 1, CSI part 2, respectively.
· Case L2
· {HP HARQ-ACK, LP CG-UCI} would be multiplexed on LP CG PUSCH
· HP HARQ-ACK and LP CG-UCI are separately encoded.
· The HP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP CG-UCI reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1.



3. Conclusions
In this contribution, the remaining issues on intra-UE multiplexing on PUCCH/PUSCH were discussed, and the followings are proposed.

Proposal #1: Agree the following proposal made in RAN1#108-e by adopting Option 4 or Option 7 for Step 2 below. 
	When a PUCCH carrying 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 which are all negative or include at least one positive,
· 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, adopt one of the following two options.
· Option 4: 
· If there is 1-bit HP HARQ-ACK and 1 bit LP HARQ-ACK, 
· If HP SR and HP HARQ-ACK are on PUCCH format 1, LP HARQ-ACK bit can be simply treated as HP HARQ-ACK bit, and the two HP HARQ-ACK bits are multiplexed with the HP SR using Rel-16/Rel-15 rules.   
· If HP SR and HP HARQ-ACK are on PUCCH format 0, LP HARQ-ACK is dropped.
· If at least one of the HP HARQ-ACK payload size or LP HARQ-ACK payload size is greater than or equal to 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  (i.e. ).
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.
· Option 7:
· If there is 1-bit HP HARQ-ACK and 1 bit LP HARQ-ACK, LP HARQ-ACK is dropped.
· If at least one of the HP HARQ-ACK payload size or LP HARQ-ACK payload size is greater than or equal to 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 .
· If HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN, LP HARQ-ACK is dropped.



Observation #1: In case when the multiplexing of UCIs with different priories on PUCCH/PUSCH is enabled, there seems no reason to disable cg-UCI-Multiplexing since any CSI would not be multiplexed on CG PUSCH (thus, the number of UCI encodings on CG PUSCH would not be larger than 3).

Observation #2: In case when the multiplexing of UCIs with different priories on PUCCH/PUSCH is enabled and also cg-UCI-Multiplexing is enabled, joint encoding between CG-UCI and HARQ-ACK may not be required (even for the same priority) due to absence of the CSI on CG PUSCH.

Proposal #2: Consider the following cases and UE behaviours in case when the multiplexing of UCIs with different priories on PUCCH/PUSCH is enabled and also cg-UCI-Multiplexing is enabled.
	· Case H1 
· {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} would be multiplexed on HP CG PUSCH
· Option 1: HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs.
· The jointly-encoded HP UCIs reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1. 
· Option 2: HP HARQ-ACK, HP CG-UCI, and LP HARQ-ACK are separately encoded.
· The HP HARQ-ACK, HP CG-UCI, LP HARQ-ACK reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, CSI part 1, CSI part 2, respectively.
· Case H2
· {HP CG-UCI, LP HARQ-ACK} would be multiplexed on HP CG PUSCH
· HP CG-UCI and LP HARQ-ACK are separately encoded.
· The HP CG-UCI reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1.
· Case L1
· {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} would be multiplexed on LP CG PUSCH
· Option 1: LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs.
· The HP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the jointly-encoded LP UCIs reuse the encoding/rate-matching/RE mapping of Rel-15 CSI part 1. 
· Option 2: HP HARQ-ACK, LP HARQ-ACK, and LP CG-UCI are separately encoded.
· The HP HARQ-ACK, LP HARQ-ACK, and LP CG-UCI reuse the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, CSI part 1, CSI part 2, respectively.
· Case L2
· {HP HARQ-ACK, LP CG-UCI} would be multiplexed on LP CG PUSCH
· HP HARQ-ACK and LP CG-UCI are separately encoded.
· The HP HARQ-ACK reuses the encoding/rate-matching/RE mapping of Rel-15 HARQ-ACK, and the LP CG-UCI reuses the encoding/rate-matching/RE mapping of Rel-15 CSI part 1.
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