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1. Introduction
[bookmark: OLE_LINK33]In the RAN1#107bis-e meeting, lots of agreements on the potential enhancements for intra-UE multiplexing between different priorities and simultaneously PUCCH/PUSCH transmission were achieved [1], but there are still many remaining issues to be solved in this meeting. 
In this contribution, we further discuss the potential remaining issues and provide our views.
2. Framework for intra-UE multiplexing/prioritization
2.1 Timeline requirement of resolving collision of PUCCHs and/or PUSCHs with different priorities
Rel-15 multiplexing timeline applies to all overlapping channels before or after step 1
RAN1 already has the agreement that it is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels. But one FFS issue is whether Rel-15 multiplexing timeline applies to resultant channels after step 1 or all overlapping channels before step 1. Two options are provides as below:
· Option 1: Rel-15 multiplexing timeline applies to the resultant overlapping channels after step 1.
· Option 2: Rel-15 multiplexing timeline applies to all overlapping channels before step 1.
For option 1, the benefit is the better scheduling flexibility at gNB side for HP channels in case that the resultant channel after step 1 is later in time or the resultant channel after step 1 does not overlap with HP channel. It means 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.
For option 2, the intention is to apply Rel-15 timeline on all overlapping channels including HP and LP to avoid holding UCI multiplexing procedure until it receives the later HP DCI.
We are open to either option 1 or option 2, and slightly prefer option 1 from gNB vendor perspective. 
Proposal 1: it is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels where the overlapping channels are the resultant overlapping channels after step 1.

Additional timeline requirement consideration
For URLLC latency reduction, after the inter-priority multiplexing, the end of multiplexing resource is not expected to be later than the end of high priority channel.
For example, in Figure 1, for HP PUCCH multiplexing with LP PUCCH, the end of the multiplexed PUCCH is not expected to be later than the end of the HP PUCCH. 
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Figure 1. High priority HARQ-ACK PUCCH multiplex with low priority HARQ-ACK PUCCH
Proposal 2: To resolve the overlapping between high priority channel and low priority channel, if multiplexing is allowed, for high priority PUCCH multiplexing with low priority PUCCH, the end of the multiplexed PUCCH is not expected to be later than the end of the high priority PUCCH.

2.2 How to select O PUCCH resource(s) overlapping with the reference PUCCH resource
RAN1 has the agreement on the general procedure of resolving collision of PUCCHs of different priorities as 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
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)




But many details are still to be solved, for example the reference PUCCH resource, the selection of PUCCH resource(s) overlapping with reference PUCCH resource are to be determined. Further down selection from the below four options is needed in this meeting.
	· 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 



For the reference PUCCH determination, neither prioritizing HP PUCCH nor prioritizing LP PUCCH with HARQ-ACK can be accepted, as the prioritizing will significantly affect the legacy UE procedure. For example, if prioritizing HP PUCCH as option 3 mentioned, it means UE will select all potential HP PUCCHs to be the candidates of reference first, even though the LP PUCCH is in front of the queue, the LP PUCCH should wait until all the HP PUCCH have been selected. It is not a friendly process for UE if we want to follow the Rel-15 design principle as much as possible. The motivation of option 4 is understood, but the benefit to protect the LP HARQ-ACK is marginal. 
Proposal 3: No need to further prioritize any HP or LP PUCCH for reference.

For option 2, the procedure is literally similar with Rel-15, but for more than 2 channels overlapping, it is a challenge to clearly define the handling of all the possible cases, especially related to SR and CSI. Only after all the possible cases are clearly defined, the whole procedure can be processed.
For option 1, the pair wise PUCCH selection is simple for UE to avoid some complicated more than two overlapping scenarios, but it need some modification on pseudo code.
So we prefer further down selecting from option 1 and option 2.
Proposal 4: Either pair-wise PUCCH selection or legacy multiple PUCCHs selection can be accepted when overlapping with reference PUCCH.

2.3 Resolving collision of a LP PUCCH overlapping with multiple time units
A working assumption in RAN1#107bis-e is intended to down select one alternative if a LP PUCCH overlaps with multiple time units, i.e., the time unit of HP HARQ-ACK.
	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)





Figure 2. LP PUCCH overlaps with multiple HP PUCCHs
For Alt.1, the multiplexing is processed in time order, UE doesn't need to consider the timeline issue, for example, no need to wait the first HP HARQ-ACK coming. The only disadvantage is gNB should blindly detect the multiplexed LP PUCCH at the two potential positions of HP SR and HP HARQ-ACK. But as Alt.2 also need gNB to blindly detect this if there is no HP HARQ-ACK overlapping with LP HARQ-ACK, anyway, the disadvantage is valid for both Alt.1 and Alt.2.
For Alt.2, the merit is protecting the LP HARQ-ACK as much as possible, but Alt.2 is not the one-way operation, UE need to go through all overlapping HP PUCCHs and back to the beginning if there is no HP HARQ-ACK. It is more difficult for UE.
The intention of Alt.3 is understood, but there is a flaw on Alt.3. For example, if the last time unit is HP SR, and SR is negative, where does the LP HARQ-ACK multiplex to? The collision is not solved in such case.
In summary, we can further consider one of Alt.1 and Alt.2, and Alt.1 is slightly preferred.
Proposal 5: For a LP PUCCH overlapping with multiple time units, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s) if the multiplexing is valid.

2.4 Resolving collision between HP SR and LP PUCCH with LP HARQ-ACK and LP SR with PF 0/1
To resolve overlapping between a HP PUCCH and a LP PUCCH with HARQ-ACK and CSI/SR, one of remaining issue is if the HP PUCCH includes HP SR only, how to solve the collision with LP HARQ-ACK and LP SR with PF 0/1.
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Figure 3. HP SR overlaps with the PUCCH with LP HARQ-ACK and LP SR with PF 0/1
As the total resource for HP SR is very limited to carry too much additional information bits, two cases are separately discussed.
Case 1: The information bits is no larger than 2 for LP HARQ-ACK and LP SR with PF 0/1
The one or two bits for LP HARQ-ACK and LP SR can be regarded as a whole packet of LP HARQ-ACK, and UE can reuse the multiplexing rule of LP HARQ-ACK multiplexing with HP SR, if any. 
Case 2: The information bits is larger than 2 (e.g., 3) for LP HARQ-ACK and LP SR with PF 0/1
The 3 bits for LP HARQ-ACK and LP SR can’t be multiplexed with HP SR, then the whole packet of LP UCIs is dropped.
The two solutions in both cases are not unified and not easy for gNB to distinguish the two kinds of UE behaviour as SR is agnostic for gNB.
So it is better for UE to drop the LP SR for both of the cases, and the multiplexing between HP SR and LP HARQ-ACK is the legacy issue.
Proposal 6: To resolve overlapping between HP SR and the PUCCH with LP HARQ-ACK and LP SR with PF 0/1, UE drops the LP SR.

2.5 Interaction with PUCCH repetitions
When the PUCCH with repetitions, how to handle the inter-priority multiplexing? As this meeting is a very late stage for Rel-17 specification, an easiest way for the interaction with PUCCH repetition can be considered.
As the current specification is cited below [2], the multiplexing is not allowed in the previous version and the low priority channel is dropped if channel transmission is with repetitions. The same principle as in current spec can be used to include UCI with different priorities, e.g. Rel-16 procedure for handling the overlapping cases with repetition is reused in Rel-17 and the dropping is per repetition. No specification change is needed.
	-	if the timeline conditions in clause 9.2.5 for multiplexing UCI in a PUCCH or a PUSCH are satisfied 
-	if // this is for cases the UE supports multiplexing information of different priorities in a PUCCH/PUSCH 
-	a PUCCH transmission with HARQ-ACK information, without repetitions, with smaller priority index overlaps with a PUCCH transmission with HARQ-ACK information, without repetitions, with larger priority index, or 
-	a PUCCH transmission with HARQ-ACK information, without repetitions, with smaller or larger priority index overlaps, respectively, with a PUSCH transmission with larger or smaller priority index
the UE multiplexes HARQ-ACK information of different priority indexes in a same PUCCH or PUSCH transmission and applies the procedures in clause 9.2.5.3 or 9.3, respectively
-	else
-	if the UE would transmit the following channels that would overlap in time where, if a channel transmission is with repetitions, the following are applicable per repetition 
-	a first PUCCH of larger priority index and a second PUCCH of smaller priority index
-	a first PUCCH of larger priority index and a second PUSCH of smaller priority index when the UE cannot simultaneously transmit the first PUCCH and second PUSCH  
-	a first PUCCH of smaller priority index and a second PUSCH of larger priority index when the UE cannot simultaneously transmit the first PUCCH and second PUSCH
-	a first PUSCH of larger priority index and a second PUSCH of smaller priority index on a same serving cell, where at least one of the two PUSCHs is a configured grant PUSCH
the UE
-	transmits the PUCCH or the PUSCH of the larger priority index, and 
-	does not transmit a PUCCH or a PUSCH of smaller priority index



Proposal 7: Rel-16 procedure for handling the overlapping cases with repetition is reused in Rel-17 and the dropping is per repetition.

Regarding the optimization for more the two channels with repetition, the benefit to protect the LP HARQ-ACK is marginal comparing with the specification effort, so no more optimization is needed.

2.6 PUSCH selection
For PUSCH selection, the agreement to reuse the Rel-15/16 rule is achieved, but a FFS issue is whether/how dropping before the UCI multiplexing due to semi-static DL symbols, SFI, CI etc.
	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 irrespective of PUSCH priority
· FFS whether/how cancellation dropping is performed before UCI multiplexing
· Note: The priorities of PUCCH and PUSCH candidates for multiplexing in step 2.2 are different



Considering reusing the rules of Rel-15/16, we have some agreements on Rel-16 as below and the agreements have been adopted in the current specification:
	Agreement: in RAN1#102
• UE behaviour of handling intra-UE prioritization/multiplexing for overlapping UL transmissions is not affected by UL CI.

Agreement: in RAN1#104
To address collision with semi-static DL symbols and SSB, the following easy way is suggested:
Ÿ   Step1: Perform intra UE prioritization (including multiplexing, overriding) according to related working assumption in 102 e-meeting if confirmed and produce final PUCCHs/PUSCHs.
Ÿ   Step 2: Final PUCCHs/PUSCHs is cancelled by semi-static DL symbols and SSB symbols.




It is obvious that the intra UE prioritization (including multiplexing, overriding) is performed first and then the final PUCCHs/PUSCHs is cancelled by semi-static DL symbols and SSB symbols, if any. 
So for the above FFS issue, the dropping should not be performed before UCI multiplexing in order to avoid the exceptional specification description and also the dropping after multiplexing is helpful for UE to keep the behaviour commonality.
Proposal 8: For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, PUSCH dropping due to semi-static DL symbols, SFI, CI is performed after UCI multiplexing.

Multiplexing timeline checking for PUSCHs
In current specification, the timeline on PUSCHs for multiplexing is satisfied before the PUSCH selection, it means all the PUSCH involved in overlapping should be checked before selection even though there is only PUSCH left after the PUSCH selection. It is much restrictive for the gNB scheduling, so we propose to make sure the multiplexing timeline is only satisfied on the final PUSCH after the PUSCH selection.
Proposal 9: For resolving collision of PUCCHs and PUSCHs of different priorities, it is expected the multiplexing timeline is satisfied on the final PUSCH after the PUSCH selection.

3. Multiplexing UCIs of different priorities in a PUCCH
3.1 Coding, rate matching and RE mapping
For other payload size, i.e., larger than 2, the existing coding schemes defined in current specification should be reused to minimize the standard efforts. That is, if the payload size of a LP or HP HARQ-ACK is more than 2 but less than 12, RM code is performed, otherwise, Polar code is applied.
Proposal 10: When the two UCIs with different priorities will be multiplexed on a PUCCH format 2/3/4 by separate coding, for a certain priority UCI, 
· If the payload size is more than 2 but less than 12, RM code is performed.
· If the payload is more than 11 bits, Polar coding is performed. 

In RAN1#106-e meeting, an agreement is achieved as: 
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· HP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· LP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for CSI-2.
Above applies at least for PUCCH format 3 and 4.



To be exactly, this agreement should only be applied to the case of total number of LP and HP HARQ-ACK bits >2. If total number of LP and HP HARQ-ACK bits = 2, the code domain multiplexing is used and it has no issue about rate matching and RE mapping.
Proposal 11: Modify the agreement in RAN1#106-e in RED:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17 in case of the total number of LP and HP HARQ-ACK bits >2, 
· HP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· LP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for CSI-2.
Above applies at least for PUCCH format 3 and 4.

3.2 Ambiguity on LP HARQ-ACK existence or LP HARQ-ACK type-2 codebook size due to DCI miss-detection
In RAN1#106-e meeting, progress about PUCCH resource determination and mapping for multiplexing has been achieved. Some remaining issues about number of PRB determination and impact due to missing DCI etc., still need to be solved.
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17,
· PUCCH resource set determination is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits.
· FFS PRB number determination for HP A/N and LP A/N, e.g. based on their coding rates.
· FFS the impact to the number of LP UCI bits due to missed DCI and potential solutions
· Note: the number of LP UCI bits in the above agreement does may not necessarily mean the actual number of LP UCI bits until the second FFS is resolved



The FFS issue of the impact to the number of LP UCI bits due to missed DCI is still to be solved.
2. 
3. 
3.1. 
3.2. 
Ambiguity on LP HARQ-ACK existence
For the problem of ambiguity on LP HARQ-ACK existence or LP HARQ-ACK type-2 codebook size due to DCI miss-detection, how the ambiguity would happen should be identified first.
For the ambiguity due to LP HARQ-ACK non-existence, in case the total number of LP and HP HARQ-ACK bits is more than 2, PUCCH format 2, 3, or 4 is used. If the DCI corresponding to LP HARQ-ACK is missing, the gNB can blindly decode the PUCCH based on the hypothesis of different payload size under the condition that whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not. gNB will correctly obtain the HP UCI without ambiguity and retransmit the PDSCH with low priority as the corresponding DCI is missing. The only cost is the gNB complexity increase due to blind detection. 
But in the case that the total number of UCI bits is no more than 2 bits and for LP HARQ-ACK and HP HARQ-ACK are multiplexing on PUCCH format 0, there is ambiguity for gNB on determining whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not. If the DCI corresponding to LP HARQ-ACK is missing detection, the single HP HARQ-ACK and the multiplexed HARQ-ACKs would map to the same mcs, which will cause misunderstanding about the detection of LP transmission at gNB side. For example, in Figure 4, according to the current specification in section 9.2.3 in TS38.213, for PUCCH format 0, if the DCI corresponding to LP PUCCH is missing detection, UE will transmit only 1 bit HP UCI with mcs =0 for NACK or 6 for ACK. While at gNB side, the gNB will assume 2 bits UCI reception and consider the result as {HP=NACK, LP=NACK} or {HP=ACK, LP=ACK}. Obviously when mcs =6 (in case the HP transmission is correctly decoded), the gNB will assume the LP transmission is also correctly detected by UE but it fails at UE side in fact. Hypothesis detection based on payload size doesn’t work well for this case. 
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Figure 4 ambiguity for gNB on determining whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not in the case that the total number of UCI bits is no more than 2 bits

Observation 1: The ambiguity problem due to LP HARQ-ACK non-existence, in case the total number of LP and HP HARQ-ACK bits is no more than 2 bits, is very severe and need to be solved.

To solve this severe ambiguity problem, two possible solutions are studied. 1) Different initial sequences can be configured for multiplexed UCIs and single HP UCI respectively, or 2) The extended PUCCH resource can be configured for the multiplexed UCIs. Different initial sequences design will need more specification effort and more sequences resources. Simply extending the PUCCH time-frequency resource for multiplexed HP/LP HARQ-ACK will cost much resource overhead. A better approach should be strive to reuse the current PUCCH resources and less specification effort.
The extended PUCCH resource for multiplexed UCIs can be implicitly indicated to UE. For example, in Figure 5, the PRI in the HP DCI indicates the PUCCH resource from the PUCCH set in the PUCCH-config with high priority for HP UCI only if no LP UCI needs to be multiplexed. And the PUCCH resource corresponding to PRI+x is defined as the extended PUCCH resource from the same PUCCH set in the PUCCH-config with high priority for multiplexed UCIs, the x can be predefined, e.g., x=1. Obviously, the extended PUCCH resource is still the PUCCH resource in the same PUCCH set in the PUCCH-Config with high priority and be well consistent with the previous agreement. The number of bits for PRI field doesn’t need to increase.
The example solution of PRI+x doesn’t need new defined dedicated PUCCH resource. That is the reason why x cannot be absorbed in PRI. On the other hand, this scheme avoids the additional overhead of PUCCH resource.
We prefer the extended PUCCH resource for multiplexed UCIs can be implicitly indicated to UE in second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) as the minor specification impact.
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Figure 5 Example of PRI+x solution for the extended PUCCH resource for multiplexed UCIs

Proposal 12: For the case that the total number of bits is no more than 2 bits, the PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource from the same PUCCH set in the PUCCH-config with high priority for the multiplexed UCI.
· x is predefined, e.g., x=1.

Ambiguity on LP HARQ-ACK type-2 codebook size due to DCI miss-detection
The other option 3/4/5 in the FL’s proposals aim to solve the ambiguity on LP HARQ-ACK type-2 codebook size due to DCI miss-detection. But actually the issue of misalignment size of type 2 codebook is not so severe. The worst case is the missing of last LP DCI, due to the HP UCI and LP UCI are separately coded and separately mapping in PUCCH, in case that the total number of bits is more than 2 bits, gNB could blind decode the PUCCH based on the hypothesis of different payload size under the condition that whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not. HP HAQR-ACK is always guaranteed to be received, and LP HARQ-ACK could be dropped as usual. 
Observation 2: The ambiguity problem on LP HARQ-ACK type-2 codebook size due to DCI miss-detection, is not severe and could be solved by gNB implementation.

Even if the size ambiguity in this case should be solved, the option 3/4/5 sound not so good.
Option 3a/3b fix the LP HARQ-ACK payload size to a reference size or a reserved size. The problem is if the reference or reserved size is less than the actual size, anyhow some PDSCHs need retransmissions.
Option 4 increases the overhead of DCI, it seems like to indicate the T_DAI twice. Except the original T_DAI for LP transmission is carried in LP DCI, the similar indication for LP transmission is also carried in HP DCI.
Same as option4, option 5 also increases the overhead of DCI and is less efficient to over-optimize a low probability of DCI missing event.
Observation 3: The additional DCI indication which aiming to solve issue of ambiguity on LP HARQ-ACK type-2 codebook size due to DCI miss-detection, has kinds of shortcomings, such as DCI overhead increase and less efficient to over-optimize a low probability event.

3.3 Multiplexing PUCCH carrying HP SR with PF0/1 with PUCCH carrying LP HARQ-ACK with PF0/1
2. 
3. 
3.1. 
3.2. 
3.3. 
3.4. 
3.5. 
3.6. 
3.7. 
3.8. 
3.9. 
3.10. 
3.11. 
From previous meetings, the issue about multiplexing between a HP SR with PF0/1 with a LP HARQ-ACK with PF0/1 have been discussed several rounds, but no agreement was achieved as some companies think the case should not be discussed and the details about the specification is not clear.
From our perspective, if the multiplexing between a HP SR with PF0/1 with a LP HARQ-ACK with PF0/1 is not specified, there will be a very hole on the standardization of Rel-17 intra-UE multiplexing.
Actually, the majority companies have almost achieved the consensus about the detail of the multiplexing as below:
	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. 




The solution about the multiplexing reuses the legacy multiplexing as much as possible, there is no much specification effort needed here. We support the above common sense.
Proposal 13: 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. 

4. Multiplexing UCIs of different priorities in a PUSCH
4.1 Coding, rate matching and RE mapping
If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH, the HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK. 
Proposal 14: If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH, the HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK. 

If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH, the LP HARQ-ACK should be multiplexed on the HP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK.
One of concern raised by one company [3] on the above perspective. For example, gNB scheduled a HP DL DCI but UE missed the HP DL DCI, then the UE would multiplex LP HARQ-ACK based on R15 AN rate-matching/mapping but the gNB would expect that the LP AN is multiplexed based on R15 CSI part 1 rate-matching/mapping. In this case, not only LP HARQ-ACK performance would be impacted but also HP UL-SCH reliability would be impacted due to wrong rate-matching within the HP PUSCH. 
Regarding the above concern, we don’t think it is an issue as the probability of HP DCI missing is very rare. So we still propose:
Proposal 15: If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH, the LP HARQ-ACK should be multiplexed on the HP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK.

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and two-part LP CSI would be transmitted on LP PUSCH conveying UL-SCH, the agreement is:
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· The CSI part 2 is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1.
· FFS for LP CSI consisting of single part.
Note: Apple raised concern on CSI being dropped unnecessarily which could cause performance and degrade usefulness of URLLC enhancement.



But if the leftover resources for LP HARQ-ACK and LP CSI part 1 is not sufficient, LP HARQ-ACK has higher priority than LP CSI part 1, and LP CSI part 1 may be partially dropped or compressed.
Proposal 16: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· If the leftover resources for LP HARQ-ACK and LP CSI part 1 is not sufficient, LP HARQ-ACK has higher priority than LP CSI part 1, and LP CSI part 1 may be partially dropped or compressed.

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK and LP CSI would be transmitted on HP PUSCH conveying UL-SCH, LP CSI could be dropped and multiplexing with HP PUSCH is not allowed.
Proposal 17: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on HP PUSCH conveying UL-SCH, LP CSI is dropped and multiplexing with HP PUSCH is not allowed.

If HP HARQ-ACK, LP HARQ-ACK and HP CSI would be transmitted on LP PUSCH conveying UL-SCH, the HP CSI could be multiplexed with LP PUSCH. And the multiplexing principle follows the way which HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts are transmitted on HP PUSCH conveying UL-SCH.
Proposal 18: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, HP CSI is allowed to multiplex with LP PUSCH. The multiplexing principle follows the way which HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts are transmitted on HP PUSCH conveying UL-SCH.

4.2 Ambiguity on LP HARQ-ACK codebook size due to DCI miss-detection
One possible remaining issue is the ambiguity on the size of LP HARQ-ACK due to LP DCI missing. If the LP DCI is missing, especially the last LP DCI, the number of bits of LP HARQ-ACK doesn’t align with the expectation of gNB, and the ambiguity will negatively affect the decoding of LP HARQ-ACK and subsequent PUSCH or CSI part. The protection on the codebook size determination of LP HARQ-ACK should be considered and specified. One simple way is to reuse the mechanism of legacy T-DAI, i.e., adding a new T-DAI field for LP HARQ-ACK indicated in HP DCI for PUSCH grant.
Proposal 19: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH, a new T-DAI field for LP HARQ-ACK is added in HP DCI for PUSCH grant.

4.3 Remaining issues of Beta-offset
4. 
4.1. 
4.2. 
In RAN1#107bis-e meeting, agreement of set of beta offset values is:
	Agreement
Define a new table for beta-offset values <1.
· FFS for the values with the starting point as below. 
	


	[0.8]

	[0.64]

	[0.5]

	[0.4]

	[0.32]

	[0.25]

	[0.2]

	[0.1]






According to the endorsed proposal of RAN#94-e meeting, RAN1 should focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework, it means the Rel-17 multiplexing for different priorities based on dynamically enabled/disabled will not be specified. Enabling and disabling via RRC is the only choice for Rel-17 multiplexing. The solution of beta_offset =0 to disable the multiplexing is not feasible.
Proposal 20: The beta_offset should not be used to disable the intra-UE multiplexing UCI with data.

Proposal 21: Confirm the beta_offset value in the brackets in last meeting agreement.

4.4 Resource mapping
When the LP UCI is multiplexed in HP PUSCH, the LP UCI may not be accommodated totally since the HP UCI or HP PUSCH should not be affected as possible and the LP UCI can only be mapped to the leftover PUSCH resource. In this case, the payload size for the LP UCI should be reduced until it can be carried by the remaining resource. There are two options for the payload size reduction, i.e., LP UCI is dropped partially and LP UCI compression
· Partially LP UCI dropping
This is the most straightforward way. The UE just drop some or all UCI depending on the available resource. For the dropped ACK/NACK, the network has to assume NACK and retransmit the corresponding PDSCH. This may reduce the resource efficiency since the UE may have already decode the PDSCH correctly. Anyway, it is better than the operation in Rel-16, where the LP UCI is totally dropped.
· LP UCI compression
Another solution is LP UCI compression. For example, HARQ-ACK bundling is widely used to reduce the HARQ-ACK codebook overhead in LTE and NR. After bundling, if the NACK is transmitted, the network still does not know the exact HARQ-ACK for each PDSCH. This situation is the same as the partial LP UCI dropping. However, if ACK is obtained by bundling, it means all the corresponding PDSCH is ACK and the network can get the exact feedback for each PDSCH. Since the possibility of ACK is much higher than NACK in practice, it can further avoid the unnecessary retransmission, which can further improve the resource efficiency compared to partial LP UCI dropping. Therefore, it is slightly preferred
Proposal 22: LP UCI compression is slightly preferred in case there is no enough resource left for LP UCI.

5. [bookmark: _GoBack]Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: The ambiguity problem due to LP HARQ-ACK non-existence, in case the total number of LP and HP HARQ-ACK bits is no more than 2 bits, is very severe and need to be solved.
Observation 2: The ambiguity problem on LP HARQ-ACK type-2 codebook size due to DCI miss-detection, is not severe and could be solved by gNB implementation.
Observation 3: The additional DCI indication which aiming to solve issue of ambiguity on LP HARQ-ACK type-2 codebook size due to DCI miss-detection, has kinds of shortcomings, such as DCI overhead increase and less efficient to over-optimize a low probability event.
Proposal 1: it is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels where the overlapping channels are the resultant overlapping channels after step 1.
Proposal 2: To resolve the overlapping between high priority channel and low priority channel, if multiplexing is allowed, for high priority PUCCH multiplexing with low priority PUCCH, the end of the multiplexed PUCCH is not expected to be later than the end of the high priority PUCCH.
Proposal 3: No need to further prioritize any HP or LP PUCCH for reference.
Proposal 4: Either pair-wise PUCCH selection or legacy multiple PUCCHs selection can be accepted when overlapping with reference PUCCH.
Proposal 5: For a LP PUCCH overlapping with multiple time units, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s) if the multiplexing is valid.
Proposal 6: To resolve overlapping between HP SR and the PUCCH with LP HARQ-ACK and LP SR with PF 0/1, UE drops the LP SR.
Proposal 7: Rel-16 procedure for handling the overlapping cases with repetition is reused in Rel-17 and the dropping is per repetition.
Proposal 8: For resolving collision of PUCCHs and PUSCHs of different priorities in step 2.2, PUSCH dropping due to semi-static DL symbols, SFI, CI is performed after UCI multiplexing.
Proposal 9: For resolving collision of PUCCHs and PUSCHs of different priorities, it is expected the multiplexing timeline is satisfied on the final PUSCH after the PUSCH selection.
Proposal 10: When the two UCIs with different priorities will be multiplexed on a PUCCH format 2/3/4 by separate coding, for a certain priority UCI, 
· If the payload size is more than 2 but less than 12, RM code is performed.
· If the payload is more than 11 bits, Polar coding is performed. 
Proposal 11: Modify the agreement in RAN1#106-e in RED:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17 in case of the total number of LP and HP HARQ-ACK bits >2, 
· HP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· LP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for CSI-2.
Above applies at least for PUCCH format 3 and 4.
Proposal 12: For the case that the total number of bits is no more than 2 bits, the PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource from the same PUCCH set in the PUCCH-config with high priority for the multiplexed UCI.
· x is predefined, e.g., x=1.
Proposal 13: 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. 
Proposal 14: If HP HARQ-ACK without LP HARQ-ACK would be transmitted on LP PUSCH, the HP HARQ-ACK should be multiplexed on the LP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK. 
Proposal 15: If LP HARQ-ACK without HP HARQ-ACK would be transmitted on HP PUSCH, the LP HARQ-ACK should be multiplexed on the HP PUSCH by reusing the rate matching/puncturing and RE mapping for the legacy HARQ-ACK.
Proposal 16: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· If the leftover resources for LP HARQ-ACK and LP CSI part 1 is not sufficient, LP HARQ-ACK has higher priority than LP CSI part 1, and LP CSI part 1 may be partially dropped or compressed.
Proposal 17: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on HP PUSCH conveying UL-SCH, LP CSI is dropped and multiplexing with HP PUSCH is not allowed.
Proposal 18: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, HP CSI is allowed to multiplex with LP PUSCH. The multiplexing principle follows the way which HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts are transmitted on HP PUSCH conveying UL-SCH.
Proposal 19: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH, a new T-DAI field for LP HARQ-ACK is added in HP DCI for PUSCH grant.
Proposal 20: The beta_offset should not be used to disable the intra-UE multiplexing UCI with data.
Proposal 21: Confirm the beta_offset value in the brackets in last meeting agreement.
Proposal 22: LP UCI compression is slightly preferred in case there is no enough resource left for LP UCI.
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7. Appendix
The agreement and conclusions in RAN1#107bis-e:
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 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.
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 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)
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 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
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 irrespective of PUSCH priority
· FFS whether/how cancellation dropping is performed before UCI multiplexing
· Note: The priorities of PUCCH and PUSCH candidates for multiplexing in step 2.2 are different
Agreement
If the simultaneous PUCCH/PUSCH transmission is enabled, a PUSCH that can be simultaneously transmitted with a PUCCH is excluded from overlapping channels for multiplexing the UCI of the PUCCH and for intra-UE prioritization with the PUCCH.
· Note: For intra-UE multiplexing, above is for step 2-2. For intra-UE prioritization, above is applied after step 1.
· FFS: How to capture this in the specifications
Conclusion
If the simultaneous PUCCH/PUSCH transmission is enabled, the timeline conditions of intra-UE multiplexing/prioritization of PUCCHs and PUSCHs with different priorities is not applicable to a PUSCH that can be simultaneously transmitted with a PUCCH.
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 more than 2, for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding
· Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit. Apply the Rel-15 placeholder bit handling procedure for PUSCH together with Rel-15 PUCCH scrambling sequence.
Agreement
Support multiplexing of high-priority HARQ-ACK and low-priority HARQ-ACK on PUCCH Format 2. 
· Extend legacy agreements on PRB number determination for Rel-17 (RAN1#106bis-e and RAN1#107-e) to cover PUCCH Format 2. 
· Use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation (as for PUCCH formats 3 & 4).
· Concatenate the coded HP HARQ-ACK bits and the coded LP HARQ-ACK bits sequentially and apply the procedures described in R15 TS 38.211 to the concatenated coded HARQ-ACK bit sequence.
Agreement
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.
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.
Agreement
In R17, if HP HARQ-ACK, LP HARQ-ACK and HP CSI consisting of two parts would be transmitted on HP PUSCH,
· LP HARQ-ACK is dropped.
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a LP PUSCH in R17, 
· If HP HARQ-ACK, LP HARQ-ACK, and LP CSI including a single part would be transmitted on LP PUSCH,
· Reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
· Reuse Rel-15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse Rel-15 CSI part 2 rate matching and RE mapping for the single part of LP CSI.
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a HP PUSCH in R17, 
· If HP HARQ-ACK, LP HARQ-ACK, and HP CSI including a single part would be transmitted on HP PUSCH,
· Reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
· Reuse Rel-15 CSI part 1 rate matching and RE mapping for the single part of HP CSI.
· Reuse Rel-15 CSI part 2 rate matching and RE mapping for LP HARQ-ACK.
Agreement
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a low-priority (LP) PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH not conveying UL-SCH, UE follows the same behaviour as that in case of PUSCH conveying UL-SCH.
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a high-priority (HP) PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts would be transmitted on HP PUSCH not conveying UL-SCH, UE follows the same behaviour as that in case of PUSCH conveying UL-SCH.
Agreement
The following TP to remove the restriction of disallowing the collision between HP SPS HARQ-ACK with LP PUCCH/PUSCH is endorsed for the editor’s CR on TS38.213.
	------------------ Text Proposal for 38.213 Section 9 ------------------
A UE does not expect to be scheduled to transmit a PUCCH or a PUSCH with smaller priority index that would overlap in time with a PUCCH of larger priority index with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH unless the UE is provided UCI-MuxWithDifferentPriority. A UE does not expect to be scheduled to transmit a PUCCH of smaller priority index that would overlap in time with a PUSCH of larger priority index with SP-CSI report(s) without a corresponding PDCCH.


Agreement
Introduce separate RRC parameters to configure ‘Multiplexing UCIs of different priorities on PUCCH or PUSCH’ in the primary and secondary PUCCH cell group.
Agreement
Define a new table for beta-offset values <1.
· FFS for the values with the starting point as below. 
	


	[0.8]

	[0.64]

	[0.5]

	[0.4]

	[0.32]

	[0.25]

	[0.2]

	[0.1]


Agreement
simultaneousPUCCH-PUSCH-secondaryPUCCHgroup is supported to enable simultaneous PUCCH and PUSCH transmissions with different priorities within the secondary PUCCH cell group separately from primary PUCCH cell group.
Agreement
The following working assumption is confirmed
For the overlapping between LP CG and HP DG, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. 
· On top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d3 is needed (which results N2+d1+d3 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution.
· d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.

Agreement
Introduce RRC parameters to enable the UE handling for overlapping CG/DG PUSCH of different priorities, i.e., keep the yellow marked related RRC parameters in rows 68 and 69 from the IIoT&URLLC RRC parameter sheet from R1-2112979.
Conclusion:
A UE is not expected to be enabled with prioritizationBetweenLP-DG-PUSCHandHP-CG-PUSCH or prioritizationBetweenHP-DG-PUSCHandLP-CG-PUSCH for a cell group if UCI-MuxWithDifferentPriority or UCI-MuxWithDifferentPriority-secondaryPUCCHgroup is enabled for the same cell group.
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