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1. Introduction
In this contribution, we discuss some remaining issues on channel resolution, esp. for intra-UE UCI multiplexing with different priorities on PUCCH and PUSCH.

2. LP HARQ-ACK and HP SR multiplexing on PUCCH
For UCI multiplexing with different priorities, at least multiplexing a LP HARQ-ACK and a HP SR should be specified. The overlapping between all PUCCH format combinations can be considered. 

2.1. HP SR and LP HARQ-ACK with PUCCH format 0/1
For up to 2 bits of LP HARQ-ACK with PF0 or PF1, the LP HARQ-ACK PUCCH transmission should not be impacted by negative HP SR.
Proposal 1: A LP HARQ-ACK with up to 2 bits is transmitted on a LP HARQ-ACK PUCCH resource with PF0/1 as scheduled in case of negative HP SR only.
In case of overlapping with a PUCCH with a positive HP SR, the LP PUCCH with LP HARQ-ACK should be dropped in Rel-16, and a positive SR is indicated by the present of SR PUCCH transmission. As a natural enhancement to drop the LP HARQ-ACK with channel dropping, the LP HARQ-ACK may be multiplexed on the HP SR PUCCH with the positive SR whenever possible as a unified solution. Thus,
For overlapping between a positive HP SR with PF1 and a LP HARQ-ACK with PF0/1, since the SR PUCCH with PF1 has a capacity to carry two bits on the PUCCH resource, the LP HARQ-ACK can be reported on the high priority SR PUCCH resource by a cyclic shift (CS) value. 
Proposal 2: For overlapping of a HP SR PUCCH with a positive HP SR using PF1 and a PUCCH with LP HARQ-ACK using PF0/1, report LP HARQ-ACK on the HP SR PUCCH resource using PF1.
For overlapping between a position HP SR with PF0 and a LP HARQ-ACK with PF0/1, the HP positive SR and LP HARQ-ACK may be multiplexed on the HP SR PUCCH resource if additional resources are reserved or configured for the HP SR. Normally, a SR PUCCH resource is configured with only one CS value, thus, no space to carry the LP HARQ-ACK bits. However, if the HP SR PUCCH resource can be configured/reserved with multiple CSs, e.g. 4 CSs, the LP HARQ-ACK can be multiplexed on the positive HP SR PUCCH resource with a reserved CS value. If no extra CS resource is reserved for the HP PUCCH, the LP HARQ-ACK is dropped as in Rel-16.
Proposal 3: For overlapping of a HP SR PUCCH with a positive HP SR using PF0 and a PUCCH with LP HARQ-ACK using PF0/1, report LP HARQ-ACK on the HP SR PUCCH resource if multiple CS values are configured.

2.2. HP SR and LP HARQ-ACK with PUCCH format 2/3/4
For overlapping between SR PUCCH(s) and HARQ-ACK PUCCH with PF 2/3/4 with the same priority, SR is multiplexed with HARQ-ACK on PF 2/3/4. A number of SR bits can be generated based on the number of overlapping SR PUCCHs, then appended to the HARQ-ACK codebook. The number of bits for SR are included regardless of positive or negative SR status.
Similarly, for overlapping between HP SR PUCCH(s) and LP HARQ-ACK PUCCH with more than 2 bits on PF 2/3/4, HP SR and LP HARQ-ACK multiplexing can be supported. The HP SR bits can be generated based on the number of overlapping HP SR PUCCH resources, and the generated HP SR bits can then be reported together with the LP HARQ-ACK codebook. To differentiate with LP SR, the HP SR bits may be prepended to the LP HARQ-ACK bits instead.
If reporting HP SR with LP HARQ-ACK on a LP HARQ-ACK PUCCH resource is not acceptable, the Rel-16 method can be reused, so that the LP PUCCH with HARQ-ACK is cancelled, and only the PUCCH with positive HP SR is transmitted. 
Proposal 4: For overlapping between HP SR PUCCH(s) and a LP PUCCH for HARQ-ACK with PF 2/3/4, HP SR bits are generated and reported together with LP HARQ-ACK on the LP HARQ-ACK PUCCH resource.

3. HP HARQ-ACK, LP HARQ-ACK and HP SR multiplexing on PUCCH
[image: ]
Figure 1. Scenario of HP HARQ-ACK, HP SR and LP HARQ-ACK multiplexing on PUCCH
If a HP PUCCH with HP HARQ-ACK overlaps with a PUCCH with a positive HP SR, the HP HARQ-ACK and SR should be multiplexed first in Step 1. If the resulting HP PUCCH with HP HARQ-ACK and HP SR overlaps with a LP PUCCH with a LP HARQ-ACK, as shown in Figure 1, the multiplexed HP HARQ-ACK and HP SR can then be multiplexed with LP HARQ-ACK following the HP HARQ-ACK and LP HARQ-ACK multiplexing methods. 
Since the total UCI payload is always more than 2 bits, 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 given by HP HARQ-ACK + HP SR + LP HARQ-ACK. 
In current HARQ-ACK and SR multiplexing on PUCCH with PUCCH format 0 or 1, the SR is represented by a CS on PF0 or by channel selection with PF1 although no extra bit is added to the HARQ-ACK codebook. For HP HARQ-ACK and HP SR multiplexing with LP HARQ-ACK on a single PUCCH, the HP SR can be represented by 1 bit appended to the HP HARQ-ACK bits.
For HARQ-ACK multiplexing with SR on PF 2/3/4, the SR bits is determined based on the number of overlapping SR PUCCH resources with the HARQ-ACK PUCCH resource. Thus, more than 1 bit of HP SR may be appended to the HP HARQ-ACK codebook before multiplexing with the LP HARQ-ACK.
Proposal 5: For multiplexing of HP HARQ-ACK, LP HARQ-ACK and SR, a HP PUCCH resource with PF 2/3/4 is used with multiplexing order of HARQ-ACK + HP SR + LP HARQ-ACK. 


4. Channel collision resolution and some potential scenarios
In RAN1 #106bis-e [1], two step procedure was agreed that for handling overlapping PUCCHs/PUSCHs with different priorities in R17, with the Rel-15 intra-UE UCI multiplexing timeline applied.
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities
Further in RAN1 #107-e[2], it was agreed that for handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 
As working assumptions from RAN1 #107-e, if multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support two UE capabilities with and without dynamic enable/disabling signalling to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2. 
With the above agreed steps and sub-steps, some potential scenarios should be clarified, and UE behaviours should be specified, for overlapping of more than 2 HP channels with a LP channel. 

4.1. A HP PUSCH overlaps with multiple HP PUCCH with HARQ-ACK
In Step 1 among HP channels, the HP PUCCHs can be configured with a subslot structure, and each subslot can have a HP HARQ-ACK PUCCH transmission. On the other hand, a HP PUSCH may be scheduled from any symbol in a slot and may cross the HP PUCCH subslot boundary. Thus, it is possible to have a HP PUSCH overlaps with more than one HP PUCCH with HP HARQ-ACK, as shown in Figure 2. 
RAN1 should clarify whether this case should be supported. And if supported, how to handle it.
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Figure 2. Scenario of multiple HP HARQ-ACK PUCCHs overlapping with a HP PUSCH
Proposal 6: RAN1 should clarify the case of a HP PUSCH overlaps with more than one HP PUCCH with HARQ-ACK. 
For Step 2, there should be only one high priority (HP) channel left in each HP PUCCH sublot after Step 1. But Step 2 needs to handle potential collision between a LP channel and more than one HP channels. However, there are cases when a LP channel overlaps with more than one HP channels. 
4.2. LP PUCCH with HARQ-ACK overlaps with multiple HP PUCCHs with HARQ-ACK
In one case, a LP PUCCH with HARQ-ACK overlaps with more than one HP PUCCHs with HP HARQ-ACKs, as shown in Figure 3.
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Figure 3. Scenario of multiple HP HARQ-ACK PUCCHs overlapping with a LP PUCCH
The LP HARQ-ACK should be multiplexed only once, preferably with the HP HARQ-ACK from the earliest overlapping HP PUCCH if the multiplexing is enabled by RRC configuration only. 
However, if dynamic enabling/disabling by DCI is supported, the UE should follow the dynamic indication to determine which HP HARQ-ACK codebook is multiplexed with the LP HARQ-ACK. The dynamic DCI signalling should be included in the scheduling DCI of the last HP PDSCH linked to the corresponding HP PUCCH for HP HARQ-ACK feedback.
Proposal 7: If a LP PUCCH with HARQ-ACK overlaps with more than one HP PUCCHs with HARQ-ACKs, 
· the LP HARQ-ACK is multiplexed with the first HP HARQ-ACK in case of RRC enabling only, and 
· the LP HARQ-ACK is multiplexed with a HP HARQ-ACK based on the dynamic enabling/disabling signalling in the scheduling DCI of the last HP PDSCH of the corresponding HP PUCCH for the HP HARQ-ACK.
4.3. LP PUCCH with HARQ-ACK overlaps with multiple HP PUCCHs with HP HARQ-ACK and HP SR
In another case, a LP PUCCH with HARQ-ACK overlaps with a HP PUCCH with HARQ-ACK and a HP PUCCH with a positive HP SR, but the PUCCH for HP HARQ-ACK does not overlap with the PUCCH for positive HP SR, as shown in Figure 4. Since the HP SR is not multiplexed with the HP HARQ-ACK in Step 1, this scenario is different from Figure 1 in Section 3.
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Figure 4. Scenarios of a LP PUCCH overlaps with multiple HP PUCCHs with HP HARQ-ACK and positive HP SR 
If the LP UCI is multiplexed based on HP PUCCH ordering, the LP HARQ-ACK may be multiplexed with the HP HARQ-ACK (Case A), or with the HP SR (Case B). For up to 2 bits of LP HARQ-ACK, multiplexing with a positive HP SR may be more efficient. On the other hand, LP HARQ-ACK and HP SR may not be fully supported for all PUCCH combinations, as shown in Section 2. 
As a unified solution, the LP HARQ-ACK can be multiplexed only with the HP HARQ-ACK instead of the HP SR for both cases.
Proposal 8: If a LP PUCCH with HARQ-ACK overlaps with a HP PUCCH with HARQ-ACK and a HP PUCCH with a positive HP SR, and the HP PUCCHs do not overlap with each other, the LP HARQ-ACK is only multiplexed with the HP HARQ-ACK.
4.4. LP PUSCH overlaps with multiple HP PUCCHs with HARQ-ACK
In another case, a LP PUSCH overlaps with more than one HP PUCCHs with HARQ-ACK, as shown in Figure 5. Especially, if an earlier HP HARQ-ACK is already multiplexed on the LP PUSCH, a later arrived HP PUCCH may drop the LP PUSCH with multiplexed HP HARQ-ACK. 
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Figure 5. Scenario of multiple HP HARQ-ACK PUCCHs overlapping with a LP PUSCH
To avoid such case, several methods can be considered, e.g. 
· If two overlapping HP PUCCHs all satisfy the multiplexing timeline, the HARQ-ACKs from two overlapping HP PUCCHs may be multiplexed jointly on the LP PUSCH. 
· If the UE knows more than 2 HP PUCCH overlapping with the LP PUSCH before the PUSCH transmission, the LP PUSCH can be cancelled, and only HP PUCCHs with HP HARQ-ACKs are transmitted.
Proposal 9: If a LP PUSCH overlaps with more than one HP PUCCH with HARQ-ACK, the HP HARQ-ACK may jointly reported on the LP PUSCH, or the LP PUSCH should be dropped.
4.5. HP SR multiplexing on LP PUSCH 

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

Proposal 10: Support HP SR multiplexing on a LP PUSCH.
In case of HP PUCCH with HARQ-ACK overlaps with a HP PUCCH with a positive HP SR, the HP SR should be multiplexed with the HP HARQ-ACK in Step 1. And if the resulting HP PUCCH for HARQ-ACK overlaps with a LP PUSCH, the HARQ-ACK with or without the HP SR should be multiplexed on the LP PUSCH. 
To avoid de-multiplexing of HP UCIs from Step 1, it is better to keep the appended SR with HP HARQ-ACK for multiplexing on the LP PUSCH. Thus, HP SR reporting should be supported at least when the HP SR is already multiplexed with HP HARQ-ACK in Step 1. The HP SR may be represented in 1 bit for up to 2 bits of HP HARQ-ACK with PF0/1.
Proposal 11: If HP SR is multiplexed with HP HARQ-ACK in Step 1, the HP HARQ-ACK and HP SR can be multiplexed together as HP HARQ-ACK on a LP PUSCH.
In another case, a LP PUSCH overlaps with a HP PUCCH with HARQ-ACK and a HP PUCCH with a positive HP SR, but the PUCCH for HP HARQ-ACK does not overlap with the PUCCH for positive HP SR. Thus, the HP SR is not multiplexed with the HP HARQ-ACK in Step 1, and the method mentioned above does not apply. 
If HP SR multiplexing is supported, it may use a separate resource or coding chain from the HP HARQ-ACK. Alternatively, the LP PUSCH can be cancelled, and both the HP PUCCH with HP HARQ-ACK and the HP PUCCH with positive HP SR are transmitted.
Furthermore, if 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. Thus, 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. 
Proposal 12: Specify enhanced channel dropping rules for positive HP SR based on whether HP HARQ-ACK is multiplexed on a LP PUSCH.

5. Conclusions
[bookmark: _References]In this contribution, we provide the following proposals for channel collision resolution and UCI multiplexing on PUCCH and PUSCH. 
For different cases of HP SR overlapping with LP HARQ-ACK on PUCCH, we propose
Proposal 1: A LP HARQ-ACK with up to 2 bits is transmitted on a LP HARQ-ACK PUCCH resource with PF0/1 as scheduled in case of negative HP SR only.

Proposal 2: For overlapping of a HP SR PUCCH with a positive HP SR using PF1 and a PUCCH with LP HARQ-ACK using PF0/1, report LP HARQ-ACK on the HP SR PUCCH resource using PF1.

Proposal 3: For overlapping of a HP SR PUCCH with a positive HP SR using PF0 and a PUCCH with LP HARQ-ACK using PF0/1, report LP HARQ-ACK on the HP SR PUCCH resource if multiple CS values are configured.

Proposal 4: For overlapping between HP SR PUCCH(s) and a LP PUCCH for HARQ-ACK with PF 2/3/4, HP SR bits are generated and reported together with LP HARQ-ACK on the LP HARQ-ACK PUCCH resource.

Proposal 5: For multiplexing of HP HARQ-ACK, LP HARQ-ACK and SR, a HP PUCCH resource with PF 2/3/4 is used with multiplexing order of HARQ-ACK + HP SR + LP HARQ-ACK. 
With the agreed channel collision resolution framework, some cases should be further specified to determine the UE behaviour.
Proposal 6: RAN1 should clarify the case of a HP PUSCH overlaps with more than one HP PUCCH with HARQ-ACK. 
Proposal 7: If a LP PUCCH with HARQ-ACK overlaps with more than one HP PUCCHs with HARQ-ACKs, 
· the LP HARQ-ACK is multiplexed with the first HP HARQ-ACK in case of RRC enabling only, and 
· the LP HARQ-ACK is multiplexed with a HP HARQ-ACK based on the dynamic enabling/disabling signalling in the scheduling DCI of the last HP PDSCH of the corresponding HP PUCCH for the HP HARQ-ACK.
Proposal 8: If a LP PUCCH with HARQ-ACK overlaps with a HP PUCCH with HARQ-ACK and a HP PUCCH with a positive HP SR, and the HP PUCCHs do not overlap with each other, the LP HARQ-ACK is only multiplexed with the HP HARQ-ACK.
Proposal 9: If a LP PUSCH overlaps with more than one HP PUCCH with HARQ-ACK, the HP HARQ-ACK may jointly reported on the LP PUSCH, or the LP PUSCH should be dropped.
Proposal 10: Support HP SR multiplexing on a LP PUSCH.
Proposal 11: If HP SR is multiplexed with HP HARQ-ACK in Step 1, the HP HARQ-ACK and HP SR can be multiplexed together as HP HARQ-ACK on a LP PUSCH.
Proposal 12: Specify enhanced channel dropping rules for positive HP SR based on whether HP HARQ-ACK is multiplexed on a LP PUSCH.
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