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1. Introduction
In this contribution, we present our views on some remaining issues on channel collusion handling and intra-UE UCI multiplexing with different priorities on PUCCH and PUSCH.

2. LP HARQ-ACK and HP SR multiplexing on PUCCHAgreement
When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF2/3/4: 
· For positive SR, transmit SR on the SR PUCCH resource and drop HARQ-ACK. 
· For negative SR, transmit HARQ-ACK only on the HARQ-ACK PUCCH resource.
Note: It was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel-17.


For UCI multiplexing with different priorities, it was agreed to support multiplexing a LP HARQ-ACK and a HP SR into a PUCCH for some HARQ-ACK/SR PF combinations in Rel-17. Since it was agreed not to support HP SR multiplexing with more than 2 bits of LP HARQ-ACK with PF 2/3/4 in RAN1 #107bis-e [3] as shown above, it is crucial to support HP SR multiplexing with 2 bits of LP HARQ-ACK with PF0 or PF1. Otherwise, there will be no enhancement over Rel-16.
As a natural enhancement to drop the up to 2 bits of LP HARQ-ACK in Rel-16, the LP HARQ-ACK may be multiplexed on the HP SR PUCCH resource 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. 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 with a CS value. Therefore, we propose to adopt the following proposal as summarized in the feature lead summary [4].
Proposal 1: When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
· If the HP SR is PF0 and the HP SR is positive, 
· 1 bit LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=6} representing {NACK, ACK} respectively;
· 2 bits LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=3, mCS=6, mCS=9} representing {NACK/NACK, NACK/ACK, ACK/ACK, ACK/NACK} respectively.
· Where m0 is configured by initialCyclicShift in the configuration of the HP SR PF0 resource in Rel-16.
· If the HP SR is PF1, and if the HP SR is positive, the 1 bit LP HARQ-ACK can be transmitted on the same SR resource with BPSK, while 2 bits LP HARQ-ACK can be transmitted on the same SR resource with QPSK. 


3. HP HARQ-ACK, LP HARQ-ACK and HP SR 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.
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Figure 1. Scenario of HP HARQ-ACK, HP SR and LP HARQ-ACK multiplexing on PUCCH
 As shown above with agreement in RAN1 #107bis-e [3], for HP HARQ-ACK with PF 2/3/4 multiplexing with HP SR and LP HARQ-ACK, the SR bits is determined based on the number of overlapping SR PUCCH resources with the original HP 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.Agreement
When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 2/3/4 overlaps with a PUCCH carrying LP HARQ-ACK, information bits for K HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, 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 , same as Rel-15;
· FFS: PF0, PF1
· Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
· If the HP HARQ-ACK is a dynamic HARQ-ACK, a PUCCH resource indicated by PRI is used for multiplexing.
· If the HP HARQ-ACK is a SPS HARQ-ACK, a PUCCH resource determined from the PUCCH resource(s) provided by sps-PUCCH-AN-List is used for multiplexing.

However, how to determine the number of HP SR bits for overlapping with up to 2 bits of HP HARQ-ACK with PF 0/1 should be further studied. In current HARQ-ACK and SR multiplexing on PUCCH with PUCCH format 0 or 1, different methods are used for different PF combinations
· HARQ-ACK PF 0 + SR PF 0/1: the SR is represented by a CS on PF0 
· HARQ-ACK PF1 + SR PF1: channel selection is used
· HARQ-ACK PF1 + SR PF0: SR is dropped
To summarize, a different CS value or channel selection is used to indicate a positive SR, which is equivalent to 1 extra bit of information although no SR bit is added to the HARQ-ACK codebook. Therefore, for multiplexing of HP HARQ-ACK, HP SR multiplexing and LP HARQ-ACK on a single PUCCH, the HP SR can be represented by 1 bit appended to the HP HARQ-ACK bits. To avoid different codebook size, the 1 bit of SR can be included regardless of positive or negative SR. This can be applied for all LP HARQ-ACK PF 0/1 and HP SR PF 0/1 combinations. 

However, if there are more than one HP SR PUCCHs overlap with the LP HARQ-ACK PUCCH, 1 bit of HP SR cannot indicate which HP SR is triggered. Therefore, alternatively, as a unified solution, the same method as for more than 2 bits of HARQ-ACK with PF 2/3/4 can be used. Thus, information bits for K HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, where K (K≥1) PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH carrying the HP HARQ-ACK. Thus, the number of HP UCI bits is , same as Rel-15.
Proposal 2: For multiplexing of up to 2 bits of HP HARQ-ACK, HP SR and LP HARQ-ACK, a HP PUCCH resource with PF 2/3/4 is used, with one bit of HP SR is appended to the up to 2 bits of HP HARQ-ACK to form the HP UCI.

4. Channel collision resolution 
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. In Step 1, resolve overlapping PUCCHs and/or PUSCHs with the same priority, and in Step 2 resolve overlapping PUCCHs and/or PUSCHs with different priorities. In RAN1 #107-e[2], it was agreed that for handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of two sub-steps, in Step 2.1 Resolve collision of LP PUCCHs and HP PUCCHs, and in Step 2.2 resolve collision of PUCCHs and PUSCHs of different priorities. Further in RAN1 #107bis-e[3], many corner cases were excluded as error cases, as listed below.
Conclusion
For resolving collision of PUCCHs and/or PUSCHs with different priorities in step 2, a resultant PUCCH with HP and LP UCI is not expected to be overlapped with a HP PUCCH.
· FFS whether a resultant PUCCH with HP and LP UCI can be overlapped with a HP PUSCH.

Agreement
For resolving collision of LP PUCCHs and HP PUCCHs in step 2.1, a HP PUCCH with HARQ-ACK is not expected to be overlapped with multiple LP PUCCHs with HARQ-ACK.
· It’s up to the editor whether/how to capture this.

Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, LP PUSCH(s) overlapping with HP PUCCH including positive SR are dropped.

Agreement
A UE does not expect to multiplex in a PUSCH transmission HARQ-ACK information that the UE would transmit in different PUCCHs of a same priority.
· The above is considered an error case

Agreement
For resolving collision of PUCCHs with different priorities in step 2.1, if resultant PUCCH with HP and LP UCI collides with LP PUCCH without HARQ ACK, the LP PUCCH is dropped.
· A resultant PUCCH with HP and LP UCI is not expected to be overlapped with a LP PUCCH with HARQ-ACK.

Conclusion
A resultant PUCCH with HP and LP UCI overlapping with a HP PUSCH is considered an error case.

Also in RAN1 #107bis-e [3], some details of collision resolution in Step 2.1 were discussed with some agreements and working assumptions as given below.
Agreement
For resolving collision of PUCCHs of different priorities without repetitions within a time unit, Step 2.1 consists of the following sub-steps:
· Step 2.1-1: Determine a reference PUCCH resource
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. 
· Step 2.1-3: Apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s). 
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit.
· FFS details

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 
· Option 3: 
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel-15 rules
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 4: 
· The reference PUCCH resource is determined by prioritizing LP PUCCH carrying HARQ-ACK on top of Rel-15 rules
· In step 2.1-2, If a LP PUCCH carrying HARQ-ACK overlaps with multiple HP PUCCHs and one of the HP PUCCH includes HARQ-ACK, only select the HP PUCCH including HARQ-ACK in step 2.1-2; otherwise, 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

Working Assumption
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, down-select from:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt. 2: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
· Alt. 3: the LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s)

For overlapping of PUCCHs of different priorities, the HP PUCCH should be configured with a subslot or slot that is shorter or the same as the subslot or slot of the LP PUCCH. Thus, it is natural to use the HP PUCCH time unit for collision resolution.
Proposal 3. Confirm the working assumption that for resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used.
For a LP PUCCH overlapping with multiple time units, we provide our analyse and compare the proposed alternative based on two most common and most important scenarios.

4.1. LP PUCCH with HARQ-ACK overlaps with multiple HP PUCCHs with HARQ-ACK
In one common use case, a LP PUCCH with HARQ-ACK overlaps with more than one HP PUCCHs with HP HARQ-ACKs, as shown in Figure 2.
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Figure 2. 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, as proposed in Alt. 1 and Alt. 2 above. With Alt. 3, the UE has to wait for the last HP PUCCH with HARQ-ACK, and delay the UCI multiplexing process and breaks the UCI multiplexing timeline.
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.
Observation 1: If a LP PUCCH with HARQ-ACK overlaps with more than one HP PUCCHs with HARQ-ACKs, the LP HARQ-ACK should be multiplexed with the first HP HARQ-ACK.
In another common use 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 3. Since the HP SR does not overlap with the HP HARQ-ACK. The HP SR is not multiplexed with the HP HARQ-ACK in Step 1.
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Figure 3. Scenarios of a LP PUCCH overlaps with multiple HP PUCCHs with HP HARQ-ACK and positive HP SR 
With Alt. 1, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s). Thus, the LP HARQ-ACK may be multiplexed with the HP HARQ-ACK in Case A, or with the HP SR in 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, for more than 2 bits of LP HARQ-ACK with PF 2/3/4, the LP HARQ-ACK will be dropped by the HP positive SR, thus cause unnecessary loss of LP HARQ-ACK bits.
With Alt 3, the LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s). This will cause processing delay of LP HARQ-ACK. Furthermore, the same issue exists as in Alt. 1, e.g. in Case A, for more than 2 bits of LP HARQ-ACK with PF 2/3/4, the LP HARQ-ACK will be dropped by the HP positive SR, thus cause unnecessary loss of LP HARQ-ACK bits.
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. 
With Alt. 2, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s). 
Therefore, Alt. 2 is a unified solution, so that the LP HARQ-ACK can be multiplexed with the HP HARQ-ACK instead of the HP SR for both Case A and Case B.
Observation 2: 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 should be multiplexed with the HP HARQ-ACK.
With the above observations of two most important use cases, Alt. 2 has clear advantages over other alternatives.
Proposal 4: For a LP PUCCH overlapping with multiple time units, adopt Alt. 2: 
· The LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
5. Clarification of HP HARQ-ACK multiplexing on LP PUSCH

In RAN1 #107bis-e, the following agreement was made.Agreement
A UE does not expect to multiplex in a PUSCH transmission HARQ-ACK information that the UE would transmit in different PUCCHs of a same priority.
· The above is considered an error case


In a typical scenario, a LP PUSCH may overlap with more than one HP PUCCHs with HARQ-ACK, as shown in Figure 4. 
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Figure 4. Scenario of multiple HP HARQ-ACK PUCCHs overlapping with a LP PUSCH
With the agreement, RAN1 should clarify the UE behaviour for the given use case.
In one interpretation, 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. This follows the same behaviour if one of the HP PUCCH carrying HP SR, as shown in the agreement below from RAN1 #107bis-e [3].Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, LP PUSCH(s) overlapping with HP PUCCH including positive SR are dropped.


In another interpretation, the UE multiplexes the earlier HP HARQ-ACK on the LP PUSCH based on the HP PUCCH subslot timeline. And a later arrived HP PUCCH with HP HARQ-ACK becomes an error case based on the agreement. Thus, the gNB should avoid such use case from happening by scheduling constraints.
Both interpretations satisfy the agreements. To clarify the UE behaviour, it is better to have a unified solution by adopting the same UE behaviour as overlapping with HP SR case, i.e. drop the LP PUSCH.
Proposal 5: If a LP PUSCH overlaps with more than one HP PUCCHs with HARQ-ACKs, the LP PUSCH is dropped, and the HP PUCCHs with HARQ-ACKs are transmitted.
6. 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 to adopt the feature lead summary from RAN1 #107bis-e for LP HARQ-ACK with PF 0/1.
Proposal 1: When a PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0/1,
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
· If the HP SR is PF0 and the HP SR is positive, 
· 1 bit LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=6} representing {NACK, ACK} respectively;
· 2 bits LP HARQ-ACK should be transmitted on the HP SR PUCCH resource by using m0 +{mCS=0, mCS=3, mCS=6, mCS=9} representing {NACK/NACK, NACK/ACK, ACK/ACK, ACK/NACK} respectively.
· Where m0 is configured by initialCyclicShift in the configuration of the HP SR PF0 resource in Rel-16.
· If the HP SR is PF1, and if the HP SR is positive, the 1 bit LP HARQ-ACK can be transmitted on the same SR resource with BPSK, while 2 bits LP HARQ-ACK can be transmitted on the same SR resource with QPSK. 

And for FFS part multiplexing of up to 2 bits of HP HARQ-ACK with PF0/1, HP SR and LP HARQ-ACK on a PUCCH, we propose 

Proposal 2: For multiplexing of up to 2 bits of HP HARQ-ACK, HP SR and LP HARQ-ACK, a HP PUCCH resource with PF 2/3/4 is used, with one bit of HP SR is appended to the up to 2 bits of HP HARQ-ACK to form the HP UCI.
With the agreed channel collision resolution framework, we analysed two most common and important use cases, and propose the following:
Proposal 3. Confirm the working assumption that for resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used.
For a LP PUCCH overlapping with multiple HP PUCCHs, we have the following observations.
Observation 1: If a LP PUCCH with HARQ-ACK overlaps with more than one HP PUCCHs with HARQ-ACKs, the LP HARQ-ACK should be multiplexed with the first HP HARQ-ACK.
Observation 2: 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 should be multiplexed with the HP HARQ-ACK.
Based on the observations, we propose
Proposal 4: For a LP PUCCH overlapping with multiple time units, adopt Alt. 2: 
· The LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
For clarification of UE behaviour of HP HARQ-ACK multiplexing on LP PUSCH, we propose
Proposal 5: If a LP PUSCH overlaps with more than one HP PUCCHs with HARQ-ACKs, the LP PUSCH is dropped, and the HP PUCCHs with HARQ-ACKs are transmitted.
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