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1. Introduction
In this contribution, we provide our views on remaining issues for intra-UE collision handling framework and UCI multiplexing with different priorities on PUCCH and PUSCH.

2. Channel resolution framework
In RAN1 #106-e [1], the following working assumption (WA) was made for resolving multiple overlapping channels. Working Assumption
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable


The WA is a natural extension of Rel-16 channel resolution handling by replacing the channel dropping behaviour based on channel priority with potential UCI multiplexing with different priorities. Thus, the same channel collision timeline can be applied as in Rel-16. 
Moreover, the WA simplifies the intra-UE multiplexing process since there should be only one high priority (HP) channel left in each sublot after Step 1. And Step 2 only needs to handle potential collision between a LP channel and one HP in each sublot.
With the benefits of reusing existing framework and simplified process, we propose to confirm the WA.
Proposal 1: Confirm the working assumption for handling overlapping PUCCHs/PUSCHs with different priorities in R17
· Resolve overlapping channels of the same priority first, before resolve overlapping channels with different priorities. 

3. UCI multiplexing with different priorities on PUCCH


3.1. Coding method and payload reduction for HARQ-ACK multiplexing
In RAN1 #106e, the following agreements were made for HARQ-ACK multiplexing with different priorities on PUCCH. 
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, an additional maxCodeRate for LP HARQ-ACK can be configured in the second PUCCH-Config per PUCCH format.
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17,
· PUCCH resource set determination is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits.
· FFS PRB number determination for HP A/N and LP A/N, e.g. based on their coding rates

For multiplexing of HARQ-ACK with different priorities, a PUCCH resources is selected from the configured HP PUCCH resources based on the total payload of HP HARQ-ACK and LP HARQ-ACK. When two maxCoderate are configured, the maximum code rate of a LP HARQ-ACK should be higher than that of a HP HARQ-ACK. Thus, the selected PUCCH resource is likely under-utilized when a higher maxCoderate is applied on LP HARQ-ACK. 
Because the payload ranges of the sets of HP PUCCH resources are configured to support HP HARQ-ACK with the lower maxCoderate, joint coding may be supported besides separate coding. The coding method may be configured by higher layer signaling for total payload greater than 2 bits. 
With joint coding, the HP HARQ-ACK and LP HARQ-ACK can be concatenated into a single HARQ-ACK codebook and be treated as HP UCI for coding and rate matching on the selected PUCCH resource. This will provide better protection for the LP HARQ-ACK without sacrificing the performance of the HP HARQ-ACK. 
Proposal 2: For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH with total payload greater than 2 bits, 
· The coding method can be configured between separate coding and joint coding.

Furthermore, the LP HARQ-ACK tends to have larger payload than the HP HARQ-ACK, esp. if CBG is configured for LP traffic. If the total payload exceeds the configured maximum PUCCH payload size, the LP HARQ-ACK will be dropped if no other enhancement is introduced. 
To avoid the LP HARQ-ACK dropping, some LP HARQ-ACK payload reduction methods should be applied under certain conditions, e.g. when the total payload exceeds the PUCCH capacity. Several methods can be considered for LP HARQ-ACK payload reduction, e.g.
· If CBG is configured, a CBG HARQ-ACK to TB level HARQ-ACK bundling can be used.
· Spatial bundling can be applied in case of 2 codewords are configured in a PDSCH.
· TB level HARQ-ACK bundling can be further performed, e.g. be defining a bundling size, or a reference payload size.
RAN1 should study what payload reduction methods can be supported, and how to configure the payload reduction method and conditions.
Proposal 3: LP HARQ-ACK payload reduction can be configured by higher layer signaling, and be applied if the total payload exceeds the PUCCH capacity
· FFS the supported payload reduction methods.


For PRB determination when separate coding is applied, the coded HP HARQ-ACK and coded LP HARQ-ACK should not be multiplexed on a single PRB. Thus, the rate matched output of a coded HARQ-ACK should be determined by the corresponding maxCoderate and fit in the determined number of PRBs.

The number of PRBs should be determined for the HP HARQ-ACK first based on the first maxCoderate applied on the payload of HP HARQ-ACK using a ceil function. Then the number of PRBs for the LP HARQ-ACK is determined by the minimum between the remining number of PRBs of the PUCCH resource and the number of PRBs additional maxCoderate applied on the payload of LP HARQ-ACK using a ceil function. The coded bits of each priority is then multiplexed in the order of HP HARQ-ACK followed by the LP HARQ-ACK to the corresponding PRBs. 

The multiplexing method should be applicable at least to PUCCH format 3 and 4. The same method is preferred for PUCCH format 2 without PRB or RE interleaving between HP and LP HARQ-ACK.

Proposal 4: The UE determines the number of PRBs for HP HARQ-ACK first, followed by the LP HARQ-ACK.
· The coded HP HARQ-ACK bits and coded LP HARQ-ACK bits are multiplexed to the corresponding PRBs of the PUCCH resource sequentially.
· The PRB determination and multiplexing methods are applied for PUCCH format 2/3/4.

3.2. LP HARQ-ACK and HP SR multiplexing on PUCCH
For multiplexing a LP HARQ-ACK and a HP SR, all PUCCH format combinations can be considered. 
For up to 2 bits of LP HARQ-ACK with PF0 or PF1, a basic principle should be agreed first, i.e. no impact on the HARQ-ACK PUCCH transmission in case of negative HP SR. In case of positive HP SR, different methods can be considered for different PUCCH format combinations, as given below.
3.2.1. HP SR with PF1 and LP HARQ-ACK with PF0 or PF1
Since a positive SR is indicated by the present of SR PUCCH transmission, and a SR PUCCH with PF1 has a capacity to carry two bits on the PUCCH resource. Furthermore, the HP PUCCH resource should be prioritized if possible since it normally provides better BER performance. 
Thus, for LP HARQ-ACK with PF1 collision with HP positive SR using PF 1, the high priority SR PUCCH resource can be used to carry the LP HARQ-ACK. 
The same method can be extended to the case of LP HARQ-ACK with PF0 collision with HP positive SR using PF 1.  
Proposal 5: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0 or PF1, 
· Transmit LP HARQ-ACK on the HP SR resource for positive HP SR, and 
· Transmit LP HARQ-ACK on the LP HARQ-ACK resource for negative HP SR.


3.2.2. HP SR with PF0 and LP HARQ-ACK with PF0
For LP HARQ-ACK with PUCCH format 0 with HP positive SR using PUCCH format 0, the SR multiplexed on the HARQ-ACK PUCCH is a natural extension. However, it is better to have some differentiation between a position HP SR and a positive LP SR if there are overlapping HP SR and LP SR PUCCH resources with the HARQ-ACK PUCCH, e.g. 
· Different cyclic shift values can be used for HP positive SR and LP positive SR, e.g. with 2 bits of LP HARQ-ACK, CS set of {1, 4, 7, 10} are used to indicate LP positive SR as in the current specifications, and CS set of {2, 5, 8, 11} are used to indicate HP positive SR on a LP HARQ-ACK PUCCH resource. 
· Power boosting can be used if a HP SR is reported on the PUCCH for LP HARQ-ACK.
Alternatively, the HP positive SR and LP HARQ-ACK may be multiplexed on the HP SR PUCCH resource. In current systems, a SR PUCCH resource is configured with only one CS value, there is no extra space to carry the HARQ-ACK bits. The method can be applied if the HP SR PUCCH resource can be configured with reduce multiple reserved CSs (e.g. 2 CSs reserved to carry 1 extra bits and 4 CSs reserved to carry 2 extra bits. Thus, for negative SR, the LP HARQ-ACK is reported on LP HARQ-ACK PUCCH. And in case of a positive HP SR, the LP HARQ-ACK is reported on HP SR PUCCH by applying a corresponding CS.
Proposal 6: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0,
· Multiplex positive HP SR on LP HARQ-ACK PUCCH by a different CS is preferred.
· Alternatively, multiplex positive HP SR and LP HARQ-ACK on a HP SR PUCCH can be considered if a HP SR PUCCH PF0 resource is configured with multiple reserved CS values.

3.2.3. HP SR with PF0 and LP HARQ-ACK with PF1
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, multiplexing on a PUCCH may not be always possible due to a potential timing issue. If the LP HARQ-ACK PUCCH with PF1 transmission is already started when the HP positive SR is triggered on a HP SR PUCCH with PF0, multiplexing SR and HARQ-ACK on a PUCCH is not feasible. Thus, the Rel-16 dropping behaviour should be maintained. 
On the other hand, if the positive HP SR is known/triggered before the LP HARQ-ACK PUCCH transmission, the same method as given before can be considered, i,e., multiplexing HP positive SR and LP HARQ-ACK on a HP SR PUCCH with PF0 only if a HP SR PUCCH PF0 resource is configured with multiple reserved CS values. Therefore, as a unified solution, the Rel-16 dropping behaviour may be applied without enhancement. 
Proposal 7: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, the Rel-16 dropping behaviour may be applied.
· Alternatively, multiplex positive HP SR and LP HARQ-ACK on a HP SR PUCCH can be considered if a HP SR PUCCH PF0 resource is configured with multiple reserved CS values.

3.2.4. HP SR and LP HARQ-ACK with PUCCH format 2/3/4
For multiplexing of SR and HARQ-ACK with the same priority on PUCCH format 2/3/4, a number of bits for SR is generated based on the number of overlapping SR PUCCHs, then appended to the HARQ-ACK codebook. The bits for SR are included regardless of positive or negative SR status. Similarly, for multiplexing of HP SR with LP HARQ-ACK with more than 2 bits on PUCCH format 2/3/4, the HP SR bits can be generated based on the number of overlapping HP SR PUCCH resources. The generated HP SR bits can then be reported together with the LP HARQ-ACK codebook. 
More details need to be discussed on the ordering of HP SR bits and the LP HARQ-ACK bits, and whether LP SRs should also be considered. For example, prepend high priority UCI bits before the LP UCI, i.e. HP SR + LP HARQ-ACK, or append the HP SR bits, i.e. LP HARQ-ACK + HP SR. In both cases, LP SR bits may also be appended to avoid dropping of LP positive SR while all HP SRs are negative.
Proposal 8: For multiplexing of HP SR with LP HARQ-ACK with PUCCH format 2/3/4,
· HP SR bits can be generated based on the number of overlapping HP SR PUCCH resources.
· FFS on the ordering of HP SR and LP HARQ-ACK
· FFS on whether LP SR bits should be included.


3.3. HP HARQ-ACK, LP HARQ-ACK and HP SR multiplexing on PUCCH
In case of multiplexing a LP HARQ-ACK, a HP HARQ-ACK and a HP SR on PUCCH, the total UCI payload is always more than 2 bits. Thus, a HP HARQ-ACK PUCCH resource with PF 2/3/4 should be selected to multiplex all of them together. 
The order of multiplexing within a priority before the multiplexing between different priorities should be maintained. Thus, the multiplexing order is defined as HP HARQ-ACK + HP SR + LP HARQ-ACK. To avoid dropping of a positive LP SR with negative HP SR, the LP SR may be configured by higher layer signalling and reported with the multiplexing order of HP HARQ-ACK + HP SR + LP HARQ-ACK + LP SR. 
Since the total payload is more than 2 bits, separate coding should be applied so that HP HARQ-ACK and HP SR is coded as HP UCI, and LP HARQ-ACK with or without LP SR is coded as LP UCI.
In all case, several issues need to be discussed on how to generate the SR bits. For a codebook with no more than 2 bits. In current HARQ-ACK and SR multiplexing on PUCCH with PUCCH format 0 or 1, no extra bit is added to the HARQ-ACK codebook. For multiplexing of HARQ-ACK with different priorities and SR on PF 2/3/4, how to represent the SR and how many bits should be generated for the SR should be studied. 
For collision handling within each priority, SR bits are determined based on the number of overlapping SRs with the HARQ-ACK PUCCH resource of the same priority, i.e. the original PUCCH resource of each priority. In case of multiplexing of HARQ-ACK with different priorities, how to determine the SR overlapping conditions should be decided first, e.g. 
· The SR bits may be determined based on the number of overlapping SRs with the original PUCCH resource with the same priority, or 
· The SR bits may be determined based on the number of overlapping SRs with the determined PUCCH resource for UCI multiplexing.
Proposal 9: For multiplexing of HP HARQ-ACK, LP HARQ-ACK and SR, a HP PUCCH resource with more than 2 bits of payload is used.
· FFS on the SR bit generation methods, and order of multiplexing between HARQ-ACK codebooks and the SR.

4. UCI multiplexing on PUSCH with different priorities


4.1. HP HARQ-ACK on LP PUSCH
As agreed in RAN1 #106e, new sets of beta offset values can be configured for multiplexing LP HARQ-ACK on HP PUSCH and multiplexing HP HARQ-ACK on LP PUSCH. 
Agreement
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH

For multiplexing HP HARQ-ACK on LP PUSCH, besides a different beta offset from LP HARQ-ACK, more details need to be discussed on the timeline requirements and the locations for HARQ-ACK multiplexing. For example, 
· To maintain the HARQ-ACK timing, the HARQ-ACK may be multiplexed in a single hop only even if frequency hopping is configured for the LP PUSCH. 
· Furthermore, the HARQ-ACK multiplexed symbols should not end later than the original HP PUCCH.
Proposal 10: For multiplexing of HP HARQ-ACK on LP PUSCH, FFS on the detailed multiplexing methods, e.g. the multiplexing location and multiplexing symbol restrictions.

If both HP HARQ-ACK and LP-HARQ-ACK need to be reported on LP-PUSCH, the multiplexing methods should be further clarified. For example, 
· Following the WA of collision handling of the same priority first, the LP HARQ-ACK can be multiplexed on the PUSCH as in Rel-16, then the HP-HARQ is multiplexed by puncturing on the PUSCH with LP HARQ-ACK, or
· The collision handling determines that both LP HARQ-ACK and HP HARQ-ACK should be multiplexed on the LP PUSDCH.  And the HP HARQ-ACK and LP-HARQ-ACK can be multiplexed so that the HP-HARQ-ACK is multiplexed first followed by the LP-HARQ-ACK.
Proposal 11: For multiplexing of HP HARQ-ACK and LP HARQ-ACK on LP PUSCH, FFS on the order of HARQ-ACK multiplexing.


4.2. HP SR multiplexing on LP PUSCH

With current rules, SR is not reported on PUSCH. Thus, in case of a HP SR overlapping with LP PUSCH, the LP PUSCH will be dropped. However, if there is a HP HARQ-ACK multiplexed on the LP PUSCH, dropping the LP PUSCH may also drops the more important HP HARQ-ACK.

Therefore, the HP SR reporting needs to be enhanced for overlapping between a PUCCH for HP SR and a LP PUSCH. For example, the positive HP SR multiplexing on a LP PUSCH may be supported by a RRC configuration or UE capability. Detailed methods of HP SR multiplexing on LP PUSCH can be FFS, e.g. the HP SR may be reported in a similar was as HP HARQ-ACK or jointly with HARQ-ACK.

Furthermore, even if SR multiplexing on PUSCH is supported, if the multiplexing timeline cannot be satisfied, e.g. a positive SR is triggered after the start of a LP PUSCH transmission, SR multiplexing on PUSCH may be not possible and channel dropping behaviour should be performed. 

To avoid dropping of potential HP UCI on a LP PUSCH, the channel dropping rules should be enhanced. For example, if there is HP HARQ-ACK multiplexing on the LP PUSCH, the LP PUSCH with HP HARQ-ACK should be treated as a HP channel and be transmitted, and the HP SR PUCCH should be dropped. On the other hand, if there is no HP UCI multiplexed on the LP PUSCH, HP SR PUCCH should be transmitted, and the LP PUSCH should be dropped. The enhanced channel dropping rule should also be supported if SR multiplexing on PUSCH is not supported.

Proposal 12: Support HP SR multiplexing on LP PUSCH if timeline can be satisfied; and specify enhanced channel dropping rules based on whether HP UCI is multiplexed on LP PUSCH.

5. Conclusions
[bookmark: _References]In this contribution, we provide the following proposals for intra-UE channel collision and enhancement of UCI multiplexing on PUCCH and PUSCH. 
For the collision handling framework, we propose
Proposal 1: Confirm the working assumption for handling overlapping PUCCHs/PUSCHs with different priorities in R17
· Resolve overlapping channels of the same priority first, before resolve overlapping channels with different priorities. 
For multiplexing of HARQ-ACK with different priorities on PUCCH, we propose
Proposal 2: For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH with total payload greater than 2 bits, 
· The coding method can be configured between separate coding and joint coding.

Proposal 3: LP HARQ-ACK payload reduction can be configured by higher layer signaling, and be applied if the total payload exceeds the PUCCH capacity
· FFS the supported payload reduction methods.

Proposal 4: The UE determines the number of PRBs for HP HARQ-ACK first, followed by the LP HARQ-ACK.
· The coded HP HARQ-ACK bits and coded LP HARQ-ACK bits are multiplexed to the corresponding PRBs of the PUCCH resource sequentially.
· The PRB determination and multiplexing methods are applied for PUCCH format 2/3/4.
For different cases of HP SR overlapping with LP HARQ-ACK on PUCCH, and for HP SR multiplexing with HP HARQ-ACK and LP HARQ-ACK, we propose
Proposal 5: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0 or PF1, 
· Transmit LP HARQ-ACK on the HP SR resource for positive HP SR, and 
· Transmit LP HARQ-ACK on the LP HARQ-ACK resource for negative HP SR.

Proposal 6: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0,
· Multiplex positive HP SR on LP HARQ-ACK PUCCH by a different CS is preferred.
· Alternatively, multiplex positive HP SR and LP HARQ-ACK on a HP SR PUCCH can be considered if a HP SR PUCCH PF0 resource is configured with multiple reserved CS values.

Proposal 7: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, the Rel-16 dropping behaviour may be applied.
· Alternatively, multiplex positive HP SR and LP HARQ-ACK on a HP SR PUCCH can be considered if a HP SR PUCCH PF0 resource is configured with multiple reserved CS values.

Proposal 8: For multiplexing of HP SR with LP HARQ-ACK with PUCCH format 2/3/4,
· HP SR bits can be generated based on the number of overlapping HP SR PUCCH resources.
· FFS on the ordering of HP SR and LP HARQ-ACK
· FFS on whether LP SR bits should be included.

Proposal 9: For multiplexing of HP HARQ-ACK, LP HARQ-ACK and SR, a HP PUCCH resource with more than 2 bits of payload is used.
· FFS on the SR bit generation methods, and order of multiplexing between HARQ-ACK codebooks and the SR.
For UCI multiplexing on PUSCH, we propose
Proposal 10: For multiplexing of HP HARQ-ACK on LP PUSCH, FFS on the detailed multiplexing methods, e.g. the multiplexing location and multiplexing symbol restrictions.

Proposal 11: For multiplexing of HP HARQ-ACK and LP HARQ-ACK on LP PUSCH, FFS on the order of HARQ-ACK multiplexing.

Proposal 12: Support HP SR multiplexing on LP PUSCH if timeline can be satisfied; and specify enhanced channel dropping rules based on whether HP UCI is multiplexed on LP PUSCH.
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