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[bookmark: _GoBack]In this contribution, we discuss the remaining issues for intra-UE multiplexing and prioritization of Rel-17 URLLC, including those for the intra-UE multiplexing framework and multiplexing on PUCCH/PUSCH. In addition, some suggestions for text proposals are also provided.
Remaining issues for intra-UE multiplexing framework
2.1 Generic remaining issues for Step 2
In the RAN1#107-e meeting [1], the agreements have been achieved as shown below. In the following the FFS issues are discussed.
	Agreement
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. 
[bookmark: _Hlk90570097]
Agreement
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support both of the following UE capabilities to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2:
· Capability #1: It is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels [FFS the overlapping channels are resultant channels after step 1]. UE performs multiplexing or dropping of PUCCHs and/or PUSCHs with different priorities according to Rel-17 rules.
· Dynamic enabling/disabling multiplexing for different priorities is not supported for Capability #1
· (Working assumption) Capability #3:…

· [bookmark: _Hlk90631716]FFS: Time unit to apply Rel-15 timeline (e.g. slot based, sub-slot based)
· FFS: The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing consideration
Note: “collision” refers to overlapping PUCCHs, overlapping PUCCH and PUSCH (excluding PUSCH supporting simultaneous transmission with PUCCH), overlapping PUSCHs on a same cell.
Note: “Rel-15 multiplexing timeline” means Rel-15 timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
Note: “Rel-16 prioritization timeline” means Rel-16 cancellation timeline calculation in Rel-16 spec, including all the formula and all the values for the variables


Applicable channels with Rel-15 multiplexing timeline
The first issue is that for Capability #1, whether the Rel-15 timeline requirement should be met for the resultant channel after Step 1, or for all the original channels before Step 1. Different from Rel-15 where all overlapped original PUCCH/PUSCHs are multiplexed by a single procedure in Clause 9.2.5 of 38.213, Rel-17 introduces two sequential steps (i.e., Step 1 and Step 2) in which the multiplexing procedures of PUCCH/PUSCHs are individually carried out up to three times (intra-priority LP PUCCH/PUSCH multiplexing, intra-priority HP PUCCH/PUSCH multiplexing, and inter-priority HP/LP PUCCH/PUSCH multiplexing), where these procedures are performed individually. In this sense, the Rel-15 timeline should be separately applied to the multiplexing procedures of Step 1 (also separately applied to LP PUCCH/PUSCH multiplexing and HP PUCCH/PUSCH multiplexing in Step 1) and Step 2, respectively, where the input channels before each particular step are separately used as the reference of timeline. In other words, the Rel-15 multiplexing timeline for Step 2 should be based on the resultant channels after Step 1.
E.g., as shown in the Figure 1 below, the first understanding is that all the original LP HARQ-ACK, LP CSI, and HP PUCCH should meet the timeline before Step 1, while the second understanding is that the LP HARQ-ACK and LP CSI should meet Rel-15 timeline (timeline 1) before Step 1, and the resultant LP PUCCH and the HP PUCCH should meet Rel-15 timeline (timeline 2) before Step 2. With the second understanding, the gNB could have much more scheduling flexibility as the HP PDSCH can be scheduled at a later position. During the discussion of last meeting, some concern about the stop-and-wait problem was raised for the second understanding, but the issue was not elaborated due to limited time. We are open to discuss the issue further.
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[bookmark: _Ref95412839]Figure 1 – Timeline requirement in step 1 and step 2
Proposal 1: For Capability#1 of Step 2, the Rel-15 timeline applies to the resultant overlapping channels after Step 1.
PUCCH/PUSCH eligible for multiplexing
In the RAN1#107bis-e meeting [2], some agreements on determining the eligible PUSCH and PUCCH for multiplexing in Step 2 are shown below. In the following some analysis is provided on more cases for multiplexing at Step 2.
	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 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
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.
Conclusion
A resultant PUCCH with HP and LP UCI overlapping with a HP PUSCH is considered an error case
Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, LP PUSCH(s) overlapping with HP PUCCH which carries positive SR are dropped.
Working Assumption
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, LP PUSCH(s) overlapping with HP PUCCH which carries positive SR are dropped before UCI multiplexing.
· Step 1.2 behavior is not affected by the above
Agreement
[bookmark: _Hlk93615372]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


For the resultant PUCCH with HP and LP UCI, it has been concluded that this resultant PUCCH is not expected to overlap with HP PUSCH due to some concern that the resultant hybrid PUCCH is literally a HP PUCCH, which is the same priority index with the HP PUSCH and thereby drags Step 2.2 “back to” Step 1.2. For the resultant PUCCH with HP and LP UCI colliding with a LP PUSCH, however, the multiplexing at Step 2.2 should be supported since this is literally inter-priority PUCCH/PUSCH multiplexing. 
In addition, for the resultant HP PUCCH and the HP PUSCH, it is relatively easy for gNB to avoid their collision as the scheduling for HP PUCCH and HP PUSCH may occur closely both in urgent manner; for the LP PUSCH, nevertheless, its scheduling may be much earlier than the scheduling of HP channels, at which time the gNB can hardly predict the potential collision with the hybrid HP PUCCH. As shown in the following figure, the LP HARQ-ACK is not overlapped with the LP PUSCH, but as the LP HARQ-ACK shifts to the hybrid PUCCH after Step 2.1 which adopts the HP PUCCH resource, it is possible to overlap with the LP PUSCH. It is a strong restriction on the scheduling flexibility of the HP PUCCH for the purpose of avoiding such collision.
Moreover, for a specific LP HARQ-ACK, its multiplexing with LP PUSCH would either happen at Step 1.2 or Step 2.2, but not both: if the LP HARQ-ACK is multiplexed on the LP PUSCH at Step 1.2, it will be absent for the multiplexing with HP PUCCH/HP PUSCH at Step 2; otherwise the LP HARQ-ACK is not overlapped with LP PUSCH at Step 1 and could be multiplexed at Step 2.1/2.2. By either way there is no recursive operation in Step 2.
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Figure 2 – Overlapping of resultant PUCCH with HP and LP UCI and LP PUSCH
Proposal 2: A resultant PUCCH with HP and LP UCI overlapping with a LP PUSCH should be supported.
In the last meeting, there are two discussions on PUCCH/UCI dropping, as shown below.
	Proposal 1.3.18:
To resolve overlapping between a HP PUCCH and a LP PUCCH with HARQ-ACK and CSI/SR,
· If the HP PUCCH includes HP HARQ-ACK, LP CSI/SR in LP PUCCH is dropped and LP HARQ-ACK is multiplexed with HP HARQ-ACK according to Rel-17 rule; 
· If the HP PUCCH includes HP SR only, LP PUCCH with PF2/3/4 is dropped; 
· FFS LP PUCCH with LP HARQ-ACK and LP SR with PF 0/1
Proposal 1.3.19:
To resolve overlapping of LP PUCCH with HARQ-ACK and multiple non-overlapping HP PUCCHs after step 2.1-2,
· Alt. 1: LP PUCCH with HARQ-ACK is dropped.
· Alt. 2: LP HARQ-ACK is multiplexed with HP UCI in different HP PUCCHs in a same PUCCH resource.
· Alt. 3: LP HARQ-ACK is multiplexed with HP UCI in one HP PUCCH that inter-priority multiplexing is supported if any; otherwise drop LP PUCCH


For the first proposal, LP CSI should be dropped entirely as per the previous agreement on handling the HP HARQ-ACK, LP HARQ-ACK and LP CSI, since there is no spare encoding chain for separately encoding CSI. But for LP SR, since HARQ-ACK and SR can be jointly encoded by sharing the same encoding chain as in Rel-15/16, the same rule could also be applied in Rel-17. That is, LP SR should not be dropped, but should be jointly encoded with LP HARQ-ACK as the LP UCI for multiplexing with the HP PUCCH, which is discussed in Section 3.4. 
For the FFS of the first proposal, it is a generic HP SR and LP HARQ-ACK collision issue, and we will discuss in a Section 3.3.
Proposal 3: To resolve overlapping between a HP PUCCH and a LP PUCCH with HARQ-ACK and CSI/SR, if the HP PUCCH includes HP HARQ-ACK, LP CSI in LP PUCCH should be dropped, while LP HARQ-ACK (and LP SR if any) should be multiplexed with HP HARQ-ACK.
For the second proposal, it is related to the case shown in Figure 3.
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[bookmark: _Ref95412864]Figure 3 – Overlapping of LP PUCCH with HARQ-ACK and multiple non-overlapping HP PUCCHs
Assuming that the LP HARQ-ACK is the earliest and longest channel, the reference PUCCH resource in subslot#1 is LP HARQ-ACK if we adopt Option 2 mentioned in the Section 2.2. And assume the overlapping PUCCHs with the reference PUCCH are HP HARQ-ACK and HP SR. Then, we prefer Alt.2 of Proposal 1.3.19 for multiplexing these 3 UCIs, since it is the closest operation with current Rel-15/16 rule and has nearly no change on the pseudo code. According to the current spec, the Rel-15/16 multiplexing rule is “determine a single resource for multiplexing UCI associated with resources [image: ] as described in Clauses 9.2.5.0, 9.2.5.1 and 9.2.5.2”, which is intended to multiplex all the eligible PUCCH together into one PUCCH. Alt.1 will cause unnecessary LP PUCCH dropping, while Alt.3 would bring more changes to the spec and is more complicate, as additional steps should be introduced to determine which target HP PUCCH should be selected.
Proposal 4: To resolve overlapping of LP PUCCH with HARQ-ACK and multiple HP PUCCHs which are non-overlapping with each other after Step 2.1-2, support Alt.2: LP HARQ-ACK can be multiplexed with HP UCIs from more than one HP PUCCHs into a resultant PUCCH resource, if the LP HARQ-ACK is eligible for such inter-priority UCI combination.
Another issue is for repetition. The following proposals have been raised in the last meeting.
	Proposed Conclusion 1.8.1:
[bookmark: _Hlk95428443]For resolving collision of two overlapping channels with different priorities in Step 2, 
· If a LP PUCCH overlaps with only one HP PUCCH and the LP or HP PUCCH is with repetitions, the LP PUCCH is dropped.
· If a LP PUSCH overlaps with a HP PUCCH with repetitions, the LP PUSCH is dropped.
· If a HP PUSCH overlaps with a LP PUCCH with repetitions, the LP PUCCH is dropped.
Note: the dropping of LP PUCCH/PUSCH is performed per repetition.
Proposal 1.8.2:
For resolving collision of PUCCHs and/or PUSCHs with different priorities in Step 2.1, first resolve collision of PUCCHs without repetitions and then resolve collision of PUCCHs (with or without repetitions).
Proposal 1.8.3:
For resolving collision of PUCCHs and/or PUSCHs with different priorities in Step 2.2, first resolve collision of PUCCHs with repetitions and PUSCHs, and then resolve collision of PUCCHs without repetitions and PUSCHs.


For the first proposal in above, the multiplexing of LP PUCCH/PUSCH with HP PUCCH repetitions, or the multiplexing of LP PUCCH repetitions with HP PUCCH/PUSCH cannot be supported, thus dropping the LP PUCCH/PUSCH overlapping with the HP PUCCH/PUSCH is the straightforward way.
For the second proposal, there can be 2 candidates to deal with PUCCH repetition in Rel-17 multiplexing in our understanding. One candidate is to handle the overlapping PUCCHs sequentially-in-time. The other candidate is to first perform the multiplexing for the PUCCHs without repetitions to reduce the probability of dropping LP channels. In our understanding, the first candidate is preferred, since if we follow the Option 2 and Alt.1 as discussed in Section 2.2 later, the LP PUCCH should be identified as ineligible to be multiplexed with the HP PUCCH repetitions, thus the LP PUCCH is dropped. Adopting the first candidate could conduct a unified rule for handling the overlapping of PUCCHs with or without repetitions. As shown in Figure 4 below, for case (a), LP HARQ-ACK should be dropped due to overlap with HP SR repetition, and HP HARQ-ACK is transmitted separately. While for case (b), LP HARQ-ACK should be multiplexed on HP HARQ-ACK firstly, and then HP SR repetition is transmitted separately.
For the third proposal on handling the PUCCH/PUSCH multiplexing, it can be considered to keep consistent with the case in the WA where the UE drops LP PUSCH colliding with HP SR before performing the multiplexing in Step 2.2.
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[bookmark: _Ref95428305]Figure 4 – Overlapping case of PUCCH repetition
Proposal 5: For resolving collision of two overlapping channels with different priorities in Step 2, 
· If a LP PUCCH overlaps with a HP PUCCH and the LP and/or HP PUCCH is with repetitions, the LP PUCCH is dropped.
· If a LP PUSCH overlaps with a HP PUCCH with repetitions, the LP PUSCH is dropped.
· If a HP PUSCH overlaps with a LP PUCCH with repetitions, the LP PUCCH is dropped.
2.2 Detailed procedure for Step 2.1
In the RAN1#107bis-e meeting [2], the multiplexing procedure in Step 2.1 has been agreed as shown below. In this section, we analyse the options to select the reference PUCCH resource and the alternatives to associate LP PUCCH with HP PUCCH time unit in Step 2.1.
	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
To apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s) in step 2.1-3, LP PUCCH(s) without HARQ-ACK are dropped before multiplexing if multiplexing is to be performed.
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)


Analysis of Option 2
The possible procedure for Option 2 is shown in the following with the changes on top of Rel-16 marked in red. It can be observed that the only difference to the Rel-16 subslot based multi-PUCCH procedure is the exclusion of ineligible PUCCHs in Step 2.1-3.
	The potential procedure for Option 2 (with Alt.1):
Loop HP time unit. For each HP time unit (e.g., subslot)
· Step 2.1-1: Determine a reference PUCCH resource –Same as Rel-16.
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. –Same as Rel-16.
· 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). – The difference with Rel-16 is to exclude the ineligible PUCCH(s) before multiplexing
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit. – Same as Rel-16.


Analysis of Option 3
For Option 3, one more difference to Rel-16 on top of Option 2 is the ordering of set Q at Step 2.1-1. That is, for the ordering function of Q set, all HP PUCCHs are placed before all LP PUCCHs, while for each priority, the ordering principle is the same as in Rel-16, i.e., the earlier and longer PUCCH is placed in an earlier position. As a result, the overlapping LP PUCCHs at Step 2.1-2 can be determined from the full set of the LP PUCCHs which are all at later positions than the reference HP PUCCH in the Q set, so that Step 2.1-2 is kept the same as in Rel-16. 
	The potential procedure for Option 3 (with Alt.1):
Loop HP time unit. For each HP time unit (e.g., subslot)
· Step 2.1-1: Determine a reference PUCCH resource –The difference with Rel-16 is the order PUCCHs in set Q where all HP PUCCHs are placed before all LP PUCCHs.
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. – Same as Rel-16
· 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). – The difference with Rel-16 is to exclude the ineligible PUCCH(s) before multiplexing
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit. – Same as Rel-16.


Analysis of Option 1
For Option 1, one more difference to Rel-16 on top of Option 2 is the limitation of selecting up to one overlapping PUCCH resource with the reference PUCCH resource at Step 2.1-2. In addition, if there are two HP PUCCHs overlapping with one reference LP PUCCH, Option 2 can multiplex all three channels into one resultant PUCCH, which to some extent alleviates the gNB scheduling restriction to avoid the resultant PUCCH of the first HP PUCCH and the LP PUCCH to overlap with the second HP PUCCH as may occur in Option 1.
	The potential procedure for Option 1 (with Alt.1):
Loop HP time unit. For each HP time unit (e.g., subslot)
· Step 2.1-1: Determine a reference PUCCH resource –Same as Rel-16.
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. –The difference with Rel-16 is to limit the number of the overlapping PUCCH as 1.
· 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). – The difference with Rel-16 is to exclude the ineligible PUCCH(s) before multiplexing
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit. – Same as Rel-16.


Analysis of Option 4
The intention of Option 4 is to avoid LP HARQ-ACK dropping, by looking through all the HP PUCCHs overlapped with the LP PUCCH with HARQ-ACK in advance, and determining the HP PUCCH with HARQ-ACK as the target time unit for multiplexing the LP PUCCH. However, this would bring huge complexity to the spec and to the implementation, since 2 loops have to be introduced for the whole procedure, including searching the LP PUCCH with HARQ-ACK over the LP time unit if any, and searching the HP PUCCH with HARQ-ACK if any that overlaps with the LP PUCCH. The possible procedure for Option 4 is shown in the following. We can see that there are lots of ‘if’ ‘else’ operations to determine a reference LP PUCCH or HP time unit, based on the availability of HARQ-ACK. Moreover, there are some FFS issues, such as how to handle the cases where LP/HP HARQ-ACK is absent or ineligible over the overlapping time units, which incur non-negligible spec efforts. Regarding the above analysis, Option 4 would largely increase the UE complexity.
	The potential procedure for Option 4 (with Alt.2):
Loop LP time unit. For each LP time unit (e.g., slot)
· Step 2.1-1: Determine a reference PUCCH resource - Go through the whole LP time unit to find a LP reference PUCCH.
· If one of the LP PUCCHs include LP HARQ-ACK, determine the LP PUCCH as the reference PUCCH
· Otherwise (FFS How to select the reference PUCCH? Based on Rel-16 rule, or restricted to LP PUCCH?)
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. – Same as Rel-16
· Step 2.1-3 (A) Determine the set of HP time units that overlap with the reference LP PUCCH
· Step 2.1-3 (B) Loop all the HP time units in the HP time unit set; for each HP time unit
· If at least one of the HP time units in the set includes HP HARQ-ACK, determine that HP time unit as the target HP time unit
· FFS The HP HARQ-ACK cannot support multiplexing with LP HARQ-ACK (e.g., LP RE = 0, HP SPS provided by n1PUCCH-AN, etc.)
· Otherwise, determine a target HP time unit as the first HP PUCCH time unit that overlaps with the LP PUCCH
· Step 2.1-3 (C): For the target HP time unit, apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s). – The difference with Rel-16 is to exclude the ineligible PUCCH(s) before multiplexing
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit. – Same as Rel-16.


Based on the analysis above, Option 2 only changes Step 2.1-3 on top of Rel-16, while Option 1 and Option 3 additionally change Step 2.1-2 and Step 2.1-1, respectively. Option 4 additionally introduces sub-steps as well as open issues, and brings significant complexity to the implementation. Thus, Option 4 should not be considered. Among Option 1, Option 2 and Option 3, Option 2 is slightly preferred due to smallest spec change.
Proposal 6: For resolving collision of PUCCHs of different priorities without repetition within a time unit in Step 2.1, adopt 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.
Analysis of Alt.1 and Alt.2
For the issue of associating LP PUCCH to a target HP PUCCH among multiple overlapped HP PUCCHs at Step 2.1-3, 3 alternatives have been raised for down-selection as shown in the WA above.
As we discussed for Option 4, Alt.2 includes the operation of searching HP PUCCH with HARQ-ACK. From the implementation perspective, the whole processing has to introduce two steps - the UE/gNB first look through all the overlapped subslots to determine where to multiplex the LP PUCCH, then proceed within per subslot for handling the multiplexing operation. The processing is not sequentially in time, but may be from back to front - first determine the association on a later subslot with HP HARQ-ACK, then go back to the beginning subslot to commence the multiplexing. Such back-to-front processing is complicated for implementation. In addition, there are some open issues for Alt.2 on how to handle the case where there is no valid LP/HP HARQ-ACK for multiplexing as analysed for Option 4. In contrast, Alt.1 is simpler in terms of spec impact and implementation complexity.
Based on the discussions, we make the proposal as follow:
Proposal 7: For resolving collision of PUCCHs of different priorities without repetition within a time unit in Step 2.1, if a LP PUCCH overlaps with HP PUCCHs over multiple HP time units, adopt Alt. 1 for associating LP PUCCH with a target HP PUCCH time unit.
· Alt.1: The LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
2.3 Detailed procedure for Step 2.2
In the RAN1#107bis-e meeting, the PUSCH selection in Step 2.2 has been agreed as shown below. 
	Agreement
For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, Rel-15/16 rule is reused for PUSCH selection for HARQ ACK multiplexing
· FFS: Whether/how dropping is performed before UCI multiplexing
· Note: The priorities of PUCCH and PUSCH candidates for multiplexing in step 2.2 are different


In the last meeting, it was agreed to reuse the Rel-15/16 rule of PUSCH selection in Step 2.2. We think there is no strong need for further optimization of introducing other new PUSCH selection factors, otherwise it will give rise to unnecessary discussions on how to integrate the additional factor into the legacy Rel-15/16 rules/priorities for PUSCH selection which are already complicated. 
For the FFS issue, the PUSCH dropping before UCI multiplexing should consider the case that the PUSCH cannot carry the overlapped UCI in Step 2.2. For example, LP PUSCH is dropped due to collision with HP SR as in the WA, or HP PUCCH repetition as we discussed earlier. But the PUSCH dropped due to conflict with DL symbols, SFI should be performed after Step 2.2, so that it is aligned with Rel-15/16 rule. On the other hand, for the PUSCH cancelled by CI, it belongs to Rel-16 timeline and should not be compatible with Capability#1.
Proposal 8: For resolving collision of PUCCHs and PUSCHs of different priorities in Step 2.2, reuse Rel-15/16 rule for PUSCH selection without considering the PUSCH to be dropped due to conflict with DL symbols/SFI.
Remaining issues for UCI multiplexing on PUCCH
3.1 Mapping of 1 bit LP HARQ-ACK and 1 bit HP HARQ-ACK on PUCCH format 0/1
In the RAN1#105-e meeting [3], it has been agreed that the multiplexed 1-bit HP HARQ-ACK and 1-bit LP HARQ-ACK should be treated as high priority bits following the Rel-15 design on PUCCH format 0/1, but the mapping order of the two bits has not been discussed. As a straightforward solution, the two HARQ-ACK bits should be mapped as {HP HARQ-ACK, LP HARQ-ACK}, i.e., the HP HARQ-ACK bit should be mapped in prior to the LP HARQ-ACK bit.
	Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with High priority.
           Rel-15 design (for PF0 and PF1) is baseline.
           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.


Proposal 9: For the multiplexed 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK on PUCCH format 0/1, the HP HARQ-ACK bit should be mapped in prior to the LP HARQ-ACK bit.
3.2 Ambiguity of the LP HARQ-ACK due to LP DCI missing
It has been discussed in the past few meetings that the ambiguity on LP HARQ-ACK existence or LP HARQ-ACK Type 2 codebook size may have crucial impact on the performance of HP UCI if they are multiplexed into one PUCCH. And since HP DCI has much higher reliability than LP DCI, it can be considered to introduce a T-DAI value in HP DL DCI to help the UE to identify the LP HARQ-ACK payload size.
For LP HARQ-ACK with Type 1 codebook, it should be noted that in Rel-15/16, the UE would also generate 1-bit HARQ-ACK instead of a full Type 1 codebook for some fallback cases, including: it receives only a SPS PDSCH release scheduled by DCI format 1_0 with C-DAI=1, or only a PDSCH scheduled by DCI format 1_0 with C-DAI=1 on PCell. The ambiguity issue happens when the gNB sends a LP DCI for SPS release or LP PDSCH by DCI format 1_0 with C-DAI value of 1, but the UE misses this DCI. To avoid this ambiguity, the UE should transmit full LP HARQ-ACK codebook on HP PUCCH in case of LP T-DAI=1 and should not transmit LP HARQ-ACK in case of LP T-DAI=0, regardless of the above fallback cases.
In the last meeting, some companies raised to apply a high AL (e.g., AL=16) for the last LP DCI to increase its reliability. However, as the LP data traffic arrives in a burst manner, the gNB cannot ensure whether the current DCI is exactly the last LP DCI at the time of scheduling, thus the conservative way is to schedule each of the potential ‘last DCI’ with AL=16, which results in waste of PDCCH resources. Moreover, as the HP PDSCH may arrive urgently by interrupting consecutive LP PDSCHs, it may be too late for the gNB to adjust the last LP DCI with high AL which may have been sent at the time of HP traffic arrival.
Proposal 10: Additional LP T-DAI indication can be introduced in HP DL DCI to resolve the issue of ambiguous LP HARQ-ACK payload size in case of collision with HP HARQ-ACK.
· 2 bits LP T-DAI for Type 2 HARQ-ACK codebook to indicate the LP HARQ-ACK payload size.
· 1 bit LP T-DAI for Type 1 HARQ-ACK codebook to indicate the presence of LP HARQ-ACK. 
· The UE should not transmit LP Type 1 HARQ-ACK on HP PUCCH in case of the LP T-DAI = 0 regardless of the fallback cases of receiving only a SPS release of fallback DCI with C-DAI=1 or only a PDSCH scheduled by fallback DCI on PCell with C-DAI=1.
For LP HARQ-ACK with Type 3 codebook, enh. Type 3 codebook or one-shot retransmission, if they would take joint operation with Type 1 codebook or Type 2 codebook, the up to 2 bits T-DAI cannot distinguish the types among these different codebooks. E.g., if the UE receives no LP DCI but receives the HP DCI indicating a T-DAI value, it cannot identify whether this T-DAI applies for Type 1/2 codebook, for Type 3 codebook, or for one-shot retransmission, which may significantly differ on the codebook size. Therefore, the overlapping between HP PUCCH and LP HARQ-ACK of Type 3 codebook/enh. Type 3 codebook/one shot retransmission should be avoided as anyhow the triggering of these codebook types for LP is mainly for scheduling HARQ retransmission and would not frequently happen.
Proposal 11: UE does not expect the overlapping between HP PUCCH and LP HARQ-ACK subject to Type 3 codebook/enh. Type 3 codebook/one shot retransmission.
In addition, there would be some HP UCI types without a corresponding DCI for dynamically indicating the LP T-DAI, such as SPS HARQ-ACK and SR.
If the HP UCI is SPS HARQ-ACK, as the position of the SPS HARQ-ACK is predictable, the gNB should avoid such collision by careful scheduling if the HP reliability would be specifically protected. Alternatively, it can schedule the overlapped HP SPS HARQ-ACK and LP HARQ-ACK if the ambiguity of LP payload size is not a big concern or the LP reliability is also ensured.
On the other hand, if the HP UCI is SR, the gNB cannot predict the presence of the SR and avoid the LP HARQ-ACK accordingly; in this sense, in case of positive HP SR, the UE can transmit and LP HARQ-ACK with PF 0/1 on the HP SR resource, or drop the LP HARQ-ACK with PF 2/3/4; and in case of negative HP SR, the UE can transmit LP HARQ-ACK on the LP PUCCH. In either way the ambiguity of LP HARQ-ACK will not impact the detection of HP SR.
Proposal 12: Whether/how to handle the LP HARQ-ACK ambiguity in case of overlapping with HP SPS HARQ-ACK is up to gNB implementation.
Another important scenario is DL CA case with hybrid TB HARQ and CBG HARQ. In Rel-15/Rel-16, the Type 2 HARQ-ACK codebook could include HARQ-ACK bits for TB-based PDSCH (i.e. first HARQ-ACK sub-codebook) and CBG-based PDSCH (i.e. second HARQ-ACK sub-codebook). E.g. TB-based PDSCH is scheduled by DCI 1_0 or DCI 1_1 in PCell and CBG-based PDSCH is scheduled by DCI 1_1 in SCell, and the HARQ-ACK may be transmitted in the same PUCCH shown in Figure 5 below. In this case, the counter DAI value and total DAI value will apply individually for the two HARQ-ACK sub-codebooks. And when the HARQ-ACK is multiplexed on PUSCH, two total-DAI fields with 4 bits in total are applied in the UL grant to separately indicate the two HARQ-ACK sub-codebooks.
[image: ]
[bookmark: _Ref95429042]Figure 5 - HARQ-ACK feedback for TB-based PDSCH and CBG-based PDSCH
In Rel-17 HP HARQ-ACK and LP HARQ-ACK multiplexing case, the LP T-DAI indication can be introduced in the HP DCI as discussed above. If LP Type 2 HARQ-ACK codebook includes two HARQ-ACK sub-codebooks, then following the Rel-15 UL DAI principle it may need to add doubled additional T-DAI fields (i.e. 4bits) in HP DCI for each HARQ-ACK sub-codebook, which will largely increase the HP DCI overhead and cause degraded performance of HP PDCCH. To avoid this issue, an overhead saving method is to introduce only one T-DAI field (2 bits) and apply to both HARQ-ACK sub-codebooks jointly. If the two sub-codebooks are with different modulo values, NACK(s) would be padded for round up. E.g. in Figure 5 the LP T-DAI value in HP DCI is set to 2 (based on two CBG based PDSCHs), then the number of LP TB HARQ-ACK will be rounded up to 2 bits.
Observation: If LP Type 2 HARQ-ACK codebook includes two HARQ-ACK sub-codebooks separately for TB and CBG, then adding two additional T-DAI fields (i.e. 4bits) in HP DCI for two LP HARQ-ACK sub-codebooks will lead to too large HP DCI overhead.
Proposal 13: For multiplexing of HP HARQ-ACK and LP HARQ-ACK with two LP sub-codebooks, the one additional LP T-DAI field (i.e. 2bits) in HP DCI should be applied to both the first LP TB-based HARQ-ACK sub-codebook and the second LP CBG-based HARQ-ACK sub-codebook.
3.3 HP SR and LP HARQ-ACK
In Rel-17, the multiplexing of HP SR and LP HARQ-ACK has been discussed in the following two cases. 
· Case 1: LP HARQ-ACK is of 1~2 bits and carried on PUCCH format 0 or 1
· Case 2: LP HARQ-ACK is of more than 2 bits and carried on PUCCH format 2/3/4
In the RAN1#107bis-e meeting, it is agreed that for Case 2, LP HARQ-ACK would be dropped if HP SR is positive. For Case 1, after discussions of multiple meetings, the proposal close to convergence in the last meeting is to perform resource selection depending on the positive/negative status of SR, where the LP HARQ-ACK can be transmitted on the SR resources in case of positive SR and on the HARQ-ACK resources otherwise. This rule can be uniformly applied for HP SR with PUCCH format 0/1 and LP HARQ-ACK with PUCCH format 0/1. 
	Proposal 2.3.4:
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. 


In particular, for HP SR with PUCCH format 0 and LP HARQ-ACK PUCCH format 0/1, one HP SR resource should be reserved to support up to 4 CS sequences corresponding to up to 2 bits of LP HARQ-ACKs. Similarly, for HP SR with PUCCH format 1 and LP HARQ-ACK PUCCH format 0/1, 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 with QPSK.
[bookmark: _Hlk95139293]The purpose of this design is to use the same resources (cyclic shift or modulation symbol) for HP SR only, HP SR + {NACK} and HP SR + {NACK/NACK}. In this way, 4 CS sequences or modulation symbols are sufficient for transmitting HP SR and LP HARQ-ACK in one SR resource and distinguishing the situation between HP SR only and HP SR+LP HARQ-ACK. 
In the last meeting, some companies raised a DTX-to-ACK problem for LP HARQ-ACK, where if the gNB schedules 2 bits LP HARQ-ACKs but the UE misses one DCI, the UE will actually transmit {ACK} while the gNB will misinterpret it as {ACK ACK} positioned at the same CS/constellation point. However, the similar situation also occurs at Rel-15 when HARQ-ACK with PUCCH format 1 collides with SR PUCCH format 1, and occurs at Rel-17 when HP HARQ-ACK with PUCCH format 0/1 collides with LP HARQ-ACK with PUCCH format 0/1, so there is no need to specifically resolve it with spec efforts. Since the HP SR resource is configured with predictable position, it is feasible for the gNB to apply with high reliable scheduling (e.g., by a high AL of DCI) for the LP HARQ-ACKs colliding with the potential HP SR. In addition, the ambiguity only happens on LP HARQ-ACK, and has no effect to the HP SR performance. Therefore, we think the multiplexing rule for HP SR and LP HARQ-ACK in the proposal above should be adopted.
Proposal 14: When a PUCCH carrying HP SR with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0/1,
· 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.
Another FFS issue from the last meeting related to HP SR and LP HARQ-ACK multiplexing is shown below.
	Agreement
[bookmark: _Hlk93618156]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.




In Rel-15, if HARQ-ACK with PUCCH format 0/1 is overlapping with multiple SR PUCCHs, one positive SR if any is multiplexed with the HARQ-ACK on a PUCCH format 0/1 resource. On the other hand, if HARQ-ACK with PUCCH format 2/3/4 is overlapping with K SR PUCCHs,  bits are appended to indicate the positive SR. In Rel-17, if the resultant HP PUCCH format 0/1 with HP HARQ-ACK and HP SR overlaps with LP PUCCH with HARQ-ACK and the eventual PUCCH with hybrid HP HARQ-ACK, HP SR and LP HARQ-ACK is subject to format 2/3/4, the payload size of HP SR on this hybrid PUCCH after Step 2.1 should be discussed. One alternative is to keep 1-bit HP SR in the hybrid PUCCH with PUCCH format 2/3/4, and another alternative is to change the payload of the HP SR to  bits before performing the HP and LP multiplexing into the hybrid PUCCH. The latter alternative requires the UE to re-determine the HP SR payload which somehow goes back to Step 1.1 for recalculating the HP UCI payload and re-selecting the HP PUCCH resource, so such behavior would incur additional complexity. Thus, we prefer the former alternative which is an one-way processing, i.e., when a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, 1 bit is used to represent the HP SR in the hybrid PUCCH after Step 2.1.
Proposal 15: When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, 1 bit payload is used to represent the status of the HP SR in the hybrid PUCCH including HP HARQ-ACK, HP SR, and LP HARQ-ACK after Step 2.1, regardless of the number of HP SRs that overlap with the HP HARQ-ACK in Step 1.1.
3.4 Handling of remaining cases for inter-priority HARQ-ACK on PUCCH
In RAN1#102-e meeting [4], the following cases for inter-priority multiplexing are agreed:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
Actually, for the cases listed above, the details of Rel-17 multiplexing procedure have been discussed and some key conclusions/agreements have been achieved. But there are still some pending cases that have not been discussed.
Table 1 – Cases of UCI multiplexing on PUCCH
	
	LP PUCCH

	
	HARQ
	SR
	CSI
	HARQ +SR
	HARQ +CSI
	SR+CSI
	HARQ +SR+CSI

	HP PUCCH
	HARQ
	Yes
	No
	No
	TBD1
	Yes
	No
	TBD1

	
	SR
	TBD2
	No
	No
	TBD2
	TBD2 
	No
	TBD2

	
	HARQ +SR
	Yes
	No
	No
	TBD1
	Yes
	No
	TBD1


As shown in Table 1, for the cases that marked in green “Yes”, it has been agreed that the HP HARQ-ACK and LP HARQ-ACK are separated encoded (and LP CSI is dropped if any), while for the cases that marked in grey “No”, it was explicitly agreed in the last meeting that they are not supported. For the rest the cases that have not no explicit conclusion/agreement, some simple principles are suggested in the following.
For the case marked in blue “TBD1”, the columns of LP UCIs all include LP HARQ-ACK. For the cases of LP HARQ-ACK + LP SR + HP UCI, the LP SR can be jointly encoded with the LP HARQ-ACK as in Rel-15/16, i.e., the same principle can be applied as the case of PUCCH with HP HARQ-ACK and HP SR colliding with PUCCH with LP HARQ-ACK, which has been agreed in the last meeting.
For the cases of LP HARQ-ACK + LP SR + LP CSI + HP UCIs, considering that we already agreed that when HP HARQ-ACK and LP HARQ-ACK is multiplexed, CSI should be dropped entirely, the similar solution should be also adopted, i.e., the LP CSI is entirely dropped, and handling of the remaining LP HARQ-ACK + LP SR can use the same principle as we discussed above.
For the case marked in orange “TBD2”, the HP PUCCH carries HP SR only. As we discussed in Section 3.3, if the HP SR and LP HARQ-ACK are with PUCCH format 0/1, the LP HARQ-ACK should be transmitted on the HP SR resource if the HP SR is positive. In addition, for the cases of LP HARQ-ACK + LP CSI + HP SR, or LP HARQ-ACK + LP SR + LP CSI + HP SR, as they would be subject to PUCCH format 2/3/4, the entire LP UCI should be dropped.
Proposal 16: For the collision between LP HARQ-ACK, LP SR and HP UCIs, LP SR can be jointly encoded with LP HARQ-ACK and follow the same handling rule as LP HARQ-ACK only and HP UCIs. 
Remaining issues for UCI multiplexing on PUSCH
4.1 Handling of remaining cases for inter-priority UCI on PUSCH
[bookmark: _Hlk92385633]In RAN1#102-e meeting [4], the high-priority cases for PUSCH that need to be discussed are agreed:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
We have some agreements on the HP HARQ-ACK, LP HARQ-ACK and PUSCH on previous meetings, while there are still some pending cases that have not been discussed/concluded. The Table 2 in below lists the status of the remaining cases.
Table 2 – Cases of UCI multiplexing on PUSCH
	
	w/ UL-SCH
	w/o UL-SCH

	
	HP HARQ
	LP HARQ
	HP + LP HARQ
	HP HARQ
	LP HARQ
	HP + LP HARQ

	LP PUSCH
	w/ P-CSI
	TBD1*
	Rel-15
	Yes
	--
	--
	--

	
	w/ A-CSI/
SP-CSI
	TBD1*
	Rel-15
	Yes
	TBD1*
	Rel-15
	Yes

	
	w/o CSI
	TBD1*
	Rel-15
	Yes
	--
	--
	--

	HP PUSCH
	w/ LP P-CSI/SP-CSI
	TBD1***
	TBD1**
	Yes
	--
	--
	--

	
	w/ HP A-CSI/SP-CSI
	Rel-15
	TBD1**
	Yes
	Rel-15
	TBD1**
	Yes

	
	w/o CSI
	Rel-15
	TBD1**
	Yes
	--
	--
	--


Firstly, for the cases marked with green ‘Yes’, we already have agreements. For the case where HP HARQ-ACK, LP HARQ-ACK, and LP CSI (P-CSI) consisting of two parts would be transmitted on HP PUSCH, though there is no explicit agreement, it is intuitive to drop the CSI if any, and the reorganization of the encoding chains can adopt the same rule as the case of HP HARQ-ACK, LP HARQ-ACK and CSI on LP PUSCH which has been agreed.
Then, for the cases with ‘TBD1’, the multiplexing of inter-priority UCI on PUSCH can be supported since the total UCI number does not exceed the number of encoding chains, while the mapping order may be discussed and determined.
HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH (*)
For LP PUSCH with UL-SCH, the HP HARQ-ACK can reuse the legacy HARQ-ACK encoding chain, which is the same rule as Rel-15 multiplexing of HARQ-ACK on PUSCH without differentiated priorities.
For LP PUSCH without UL-SCH, it is straightforward to support this case by applying the same rule as LP PUSCH with UL-SCH, since the encoding of UL-SCH is independent and does not occupy the encoding chains for UCI on PUSCH.
Proposal 17: If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH with/without UL-SCH, HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the rate matching/puncturing and RE mapping rules for the legacy HARQ-ACK.
LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH (**)
Similar to the principle of HP HARQ-ACK on LP PUSCH, the LP HARQ-ACK can reuse the legacy HARQ-ACK encoding chain on HP PUSCH, irrespective of whether the HP PUSCH is with UL-SCH or without UL-SCH, and irrespective of the priority of CSI (if any) on PUSCH is HP or LP.
In the last meeting, some companies raised another candidate option where the UE follows the same behavior as that in case of PUSCH with HP HARQ-ACK, with the concern that the ambiguity of the presence of HP HARQ-ACK may impact the mapping order of the LP HARQ-ACK on the HP PUSCH. In our understanding, as the HP HARQ-ACK would generally be scheduled with ultra-reliable manner, the probability of missing HP DCI is ultra-low, so there is no strong need to further optimize.
Proposal 18: If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH with/without UL-SCH, LP HARQ-ACK should be multiplexed on the HP PUSCH by reusing the rate matching/puncturing and RE mapping rules for the legacy HARQ-ACK.
LP CSI without LP HARQ-ACK would be transmitted on HP PUSCH (***)
If the LP PUCCH including LP CSI only without LP HARQ-ACK collides with HP PUSCH (with or without HP HARQ-ACK/HP CSI/UL-SCH), it should be dropped without being multiplexed on HP PUSCH, since the motivation in the first place is only to enable the transmission of inter-priority HARQ-ACK on PUSCH.
Proposal 19: LP CSI only should be dropped when colliding with HP PUSCH.
4.2 Ambiguity of the LP HARQ-ACK on HP PUSCH due to LP DCI missing
In case LP HARQ-ACK would be transmitted on the HP PUSCH with or without HP HARQ-ACK, there would also be LP HARQ-ACK ambiguity issue similar to the discussions in Section 3.2. Following the same principle, additional LP UL DAI field can be introduced for HP UL DCI to identify the LP HARQ-ACK payload size. 
For Type 2 LP HARQ-ACK codebook, 2 bits LP UL DAI can be introduced to indicate the LP payload size. For Type 1 HARQ-ACK codebook, 1 bit LP UL DAI can be introduced to indicate the presence of the LP Type 1 HARQ-ACK. In Rel-15/16, the UE would also generate 1 bit HARQ-ACK even in case of UL DAI = 0 for Type 1 codebook, if it receives only a SPS PDSCH release, or only a PDSCH that is scheduled by DCI format 1_0 with C-DAI=1 on the PCell. In Rel-17, this fallback case should not separately handled due to the reliability concern, i.e., the UE should not transmit LP HARQ-ACK on HP PUSCH in case of UL DAI = 0 regardless of the above fallback cases.
For LP HARQ-ACK with Type 3 codebook/enh. Type 3 codebook/one-shot retransmission, it should follow the same principle as discussed in Section 3.2 for PUCCH.
Proposal 20: Additional LP UL DAI indication can be introduced in HP UL DCI to resolve the issue of ambiguous LP HARQ-ACK payload size in case of collision with HP PUSCH.
· 2 bits LP UL DAI for Type 2 HARQ-ACK codebook to indicate the LP HARQ-ACK payload size.
· 1 bit LP UL DAI for Type 1 HARQ-ACK codebook to indicate the presence of LP HARQ-ACK. 
· The UE should not transmit LP Type 1 HARQ-ACK on HP PUSCH in case of UL DAI = 0 regardless of the fallback cases of receiving only a SPS release or only a fallback DCI on PCell with C-DAI=1.
Proposal 21: UE does not expect the overlapping between HP PUSCH and LP HARQ-ACK subject to Type 3 codebook/enh. Type 3 codebook/one shot retransmission.
4.3 Prioritizations for transmission power reductions
For the current power control mechanism, UE should reduce the transmission power of PUSCH/PUCCH/PRACH/SRS according to the following order if the maximum power [image: ] would be exceeded. In particular, for PUCCH and PUSCH transmissions, the Rel-16 power allocation prioritization order is as follows, where the power reduction is performed in descending order. 
· HP PUCCH/PUSCH with HARQ-ACK and/or SR
· HP PUSCH with HP CSI
· HP PUSCH only
· LP PUCCH/PUSCH with HARQ-ACK and/or SR
· LP PUCCH/PUSCH with CSI
· LP PUSCH only
Two basic principles can be observed from the list: 1) Any type of HP signal/channel always has higher priority than any type of the LP signal/channel. 2) For the signals/channels with the same priority index, the priority order is: PUCCH/PUSCH with HARQ-ACK and/or SR>PUCCH/PUSCH with CSI>PUSCH only, as HARQ-ACK is generally more important than CSI and data only.
In Rel-17, as intra-UE multiplexing of inter-priority UCI on PUSCH is introduced, new cases arise such as HP HARQ-ACK on LP PUSCH, and LP UCI on HP PUSCH. It is observed that the current priority list could not give the proper order for UCI-on-PUSCH with mixed priority. 
As one example, for LP HARQ-ACK on HP PUSCH, this channel would be categorized to HP PUCCH/PUSCH with HARQ-ACK, which is the same as HP PUCCH/PUSCH with HP HARQ-ACK and/or HP SR and higher than HP PUSCH with HP A-CSI or HP PUSCH only. However, the LP HARQ-ACK should be obviously with lower priority than HP HARQ-ACK, HP SR, and HP A-CSI as per the above principle 1). As another example, for HP HARQ-ACK on LP PUSCH, this channel would be categorized to LP PUCCH/PUSCH with HARQ-ACK, which has lower priority than other HP channels during power allocation, but HP HARQ-ACK is obviously more critical than HP PUSCH only as per the above principle 2).
Considering the PUCCH/PUSCH with mixed priorities due to multiplexing, the power allocation principle should also be updated. Firstly, the power allocation order of LP PUSCH with HP HARQ-ACK should be the same as HP PUCCH/PUSCH with HARQ-ACK, i.e., higher than HP PUSCH with CSI as well as HP PUSCH only. Secondly, the power allocation order of HP PUSCH with LP HARQ-ACK should be the same as HP PUSCH only, i.e., lower than HP PUCCH/PUSCH with HP HARQ-ACK and/or HP SR, as well as HP PUSCH with CSI.
Proposal 22: Update the transmission power allocation order for Rel-17 by considering inter-priority UCI-on-PUSCH cases:
· LP PUSCH with HP HARQ-ACK should be of the same priority as HP PUSCH with HP HARQ-ACK, i.e., higher than HP PUSCH with CSI, as well as HP PUSCH only.
· LP HARQ-ACK on HP PUSCH should of the same priority as HP PUSCH only, i.e., lower than HP PUSCH with HP HARQ-ACK, as well as HP PUSCH with CSI.
Text Proposals
For the PRB determination and multiplexing of HP HARQ-ACK and LP HARQ-ACK in Clause 9.2.5.3 of the Rel-17 spec 38.213 [5], it mentions that the UE ‘multiplexes’ the HP HARQ-ACK and the LP HARQ-ACK in case the original HP PUCCH and the original LP PUCCH are overlapped.
In a later paragraph, the text states that the UE transmits the PUCCH on  PRBs, but does not clearly describe the UE behavior for the case of LP RE = 0, i.e.,  so that there is no spare RBs for LP HARQ-ACK transmission. It is intuitive that the UE will drop the LP HARQ-ACK in case of LP RE = 0, and we think this dropping behavior should be explicitly captured in the spec to make it clearer and more readable, since otherwise it will be contradictory with the earlier paragraph saying that the UE ‘multiplexes’ the HP HARQ-ACK and LP HARQ-ACK, which implies that the UE will always transmit LP HARQ-ACK. As a reference of the legacy 38.213, the UE behavior of dropping of CSI part 2 is also explicitly stated in case there is no enough resources to carry it on PUCCH when multiplexed with HARQ-ACK and CSI part 1.
	…
the UE 
-	determines
-	a PUCCH resource set from the second PUCCH-Config using  as described in clause 9.2.1, and a PUCCH resource from the PUCCH resource set as described in clause 9.2.3 where a DCI format, if any, triggers PUCCH transmission of priority 1, or
-	a PUCCH resource from the second sps-PUCCH-AN-List using  as described in clause 9.2.1, and 
-	multiplexes the  and  HARQ-ACK information bits in a same PUCCH using the PUCCH resource.
…

	If , the UE transmits the PUCCH over the  PRBs. If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 1, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that all HARQ-ACK information bits have priority 1.


The text proposal is given as follows.
Proposal 23: RAN1 should adopt the following TP to explicitly address the UE behavior of dropping LP HARQ-ACK in case the rest RE on the resultant PUCCH for LP HARQ-ACK is 0.
	------------------ Text Proposal for 38.213 Clause 9.2.5.3 ------------------
If , the UE transmits the PUCCH over the  PRBs. If , the HARQ-ACK information bits of priority 0 are dropped. If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 1, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that all HARQ-ACK information bits have priority 1.


Conclusions
According to the discussion, following proposals and observations are provided:
Proposal 1: For Capability#1 of Step 2, the Rel-15 timeline applies to the resultant overlapping channels after Step 1.
Proposal 2: A resultant PUCCH with HP and LP UCI overlapping with a LP PUSCH should be supported.
Proposal 3: To resolve overlapping between a HP PUCCH and a LP PUCCH with HARQ-ACK and CSI/SR, if the HP PUCCH includes HP HARQ-ACK, LP CSI in LP PUCCH should be dropped, while LP HARQ-ACK (and LP SR if any) should be multiplexed with HP HARQ-ACK.
Proposal 4: To resolve overlapping of LP PUCCH with HARQ-ACK and multiple HP PUCCHs which are non-overlapping with each other after Step 2.1-2, support Alt.2: LP HARQ-ACK can be multiplexed with HP UCIs from more than one HP PUCCHs into a resultant PUCCH resource, if the LP HARQ-ACK is eligible for such inter-priority UCI combination.
Proposal 5: For resolving collision of two overlapping channels with different priorities in Step 2, 
· If a LP PUCCH overlaps with a HP PUCCH and the LP and/or HP PUCCH is with repetitions, the LP PUCCH is dropped.
· If a LP PUSCH overlaps with a HP PUCCH with repetitions, the LP PUSCH is dropped.
· If a HP PUSCH overlaps with a LP PUCCH with repetitions, the LP PUCCH is dropped.
Proposal 6: For resolving collision of PUCCHs of different priorities without repetition within a time unit in Step 2.1, adopt 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.
Proposal 7: For resolving collision of PUCCHs of different priorities without repetition within a time unit in Step 2.1, if a LP PUCCH overlaps with HP PUCCHs over multiple HP time units, adopt Alt. 1 for associating LP PUCCH with a target HP PUCCH time unit.
· Alt.1: The LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
Proposal 8: For resolving collision of PUCCHs and PUSCHs of different priorities in Step 2.2, reuse Rel-15/16 rule for PUSCH selection without considering the PUSCH to be dropped due to conflict with DL symbols/SFI.
Proposal 9: For the multiplexed 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK on PUCCH format 0/1, the HP HARQ-ACK bit should be mapped in prior to the LP HARQ-ACK bit.
Proposal 10: Additional LP T-DAI indication can be introduced in HP DL DCI to resolve the issue of ambiguous LP HARQ-ACK payload size in case of collision with HP HARQ-ACK.
· 2 bits LP T-DAI for Type 2 HARQ-ACK codebook to indicate the LP HARQ-ACK payload size.
· 1 bit LP T-DAI for Type 1 HARQ-ACK codebook to indicate the presence of LP HARQ-ACK. 
· The UE should not transmit LP Type 1 HARQ-ACK on HP PUCCH in case of the LP T-DAI = 0 regardless of the fallback cases of receiving only a SPS release of fallback DCI with C-DAI=1 or only a PDSCH scheduled by fallback DCI on PCell with C-DAI=1.
Proposal 11: UE does not expect the overlapping between HP PUCCH and LP HARQ-ACK subject to Type 3 codebook/enh. Type 3 codebook/one shot retransmission.
Proposal 12: Whether/how to handle the LP HARQ-ACK ambiguity in case of overlapping with HP SPS HARQ-ACK is up to gNB implementation.
Observation: If LP Type 2 HARQ-ACK codebook includes two HARQ-ACK sub-codebooks separately for TB and CBG, then adding two additional T-DAI fields (i.e. 4bits) in HP DCI for two LP HARQ-ACK sub-codebooks will lead to too large HP DCI overhead.
Proposal 13: For multiplexing of HP HARQ-ACK and LP HARQ-ACK with two LP sub-codebooks, the one additional LP T-DAI field (i.e. 2bits) in HP DCI should be applied to both the first LP TB-based HARQ-ACK sub-codebook and the second LP CBG-based HARQ-ACK sub-codebook.
Proposal 14: When a PUCCH carrying HP SR with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PUCCH format 0/1,
· 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.
Proposal 15: When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, 1 bit payload is used to represent the status of the HP SR in the hybrid PUCCH including HP HARQ-ACK, HP SR, and LP HARQ-ACK after Step 2.1, regardless of the number of HP SRs that overlap with the HP HARQ-ACK in Step 1.1.
Proposal 16: For the collision between LP HARQ-ACK, LP SR and HP UCIs, LP SR can be jointly encoded with LP HARQ-ACK and follow the same handling rule as LP HARQ-ACK only and HP UCIs. 
Proposal 17: If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH with/without UL-SCH, HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the rate matching/puncturing and RE mapping rules for the legacy HARQ-ACK.
Proposal 18: If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH with/without UL-SCH, LP HARQ-ACK should be multiplexed on the HP PUSCH by reusing the rate matching/puncturing and RE mapping rules for the legacy HARQ-ACK.
Proposal 19: LP CSI only should be dropped when colliding with HP PUSCH.
Proposal 20: Additional LP UL DAI indication can be introduced in HP UL DCI to resolve the issue of ambiguous LP HARQ-ACK payload size in case of collision with HP PUSCH.
· 2 bits LP UL DAI for Type 2 HARQ-ACK codebook to indicate the LP HARQ-ACK payload size.
· 1 bit LP UL DAI for Type 1 HARQ-ACK codebook to indicate the presence of LP HARQ-ACK. 
· The UE should not transmit LP Type 1 HARQ-ACK on HP PUSCH in case of UL DAI = 0 regardless of the fallback cases of receiving only a SPS release or only a fallback DCI on PCell with C-DAI=1.
Proposal 21: UE does not expect the overlapping between HP PUSCH and LP HARQ-ACK subject to Type 3 codebook/enh. Type 3 codebook/one shot retransmission.
Proposal 22: Update the transmission power allocation order for Rel-17 by considering inter-priority UCI-on-PUSCH cases:
· LP PUSCH with HP HARQ-ACK should be of the same priority as HP PUSCH with HP HARQ-ACK, i.e., higher than HP PUSCH with CSI, as well as HP PUSCH only.
· LP HARQ-ACK on HP PUSCH should of the same priority as HP PUSCH only, i.e., lower than HP PUSCH with HP HARQ-ACK, as well as HP PUSCH with CSI.
Proposal 23: RAN1 should adopt the following TP to explicitly address the UE behavior of dropping LP HARQ-ACK in case the rest RE on the resultant PUCCH for LP HARQ-ACK is 0.
	------------------ Text Proposal for 38.213 Clause 9.2.5.3 ------------------
If , the UE transmits the PUCCH over the  PRBs. If , the HARQ-ACK information bits of priority 0 are dropped. If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 1, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that all HARQ-ACK information bits have priority 1.
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