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1. Introduction
During RAN1#107bis-e meeting, following agreements were made to support intra-UE multiplexing and prioritization in Rel-17 [1]. 

	Conclusion
For resolving collision of PUCCHs and/or PUSCHs with different priorities in step 2, a resultant PUCCH with HP and LP UCI is not expected to be overlapped with a HP PUCCH.
· FFS whether a resultant PUCCH with HP and LP UCI can be overlapped with a HP PUSCH.

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

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

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, 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

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.

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
· 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 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
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
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
[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
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
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 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
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.

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.



In this contribution, we discuss and provide our views on the intra-UE multiplexing procedures/behaviors in Rel-17, in terms of processing, multiplexing, and mapping UCIs with different priorities on PUCCH and PUSCH.

2. Multiplexing of PUCCH/PUSCH with different priority
Regarding the multiplexing of UCIs with different priority on a same PUCCH/PUSCH, several aspects need to be taken into account as the followings, in terms of UCI processing/multiplexing/mapping and overall UCI multiplexing procedure. 

2.1. General aspects

· Overall multiplexing procedure
Regarding the overall procedure (steps) for the inter-priority multiplexing of UCIs on PUCCH/PUSCH, the following was finally agreed through RAN1#106bis-e and RAN1#107-e.

1) Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
2) Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
A. Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs.
B. Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities.

Moreover, to resolve collision of PUCCHs and/or PUSCHs with different priorities in Step 2, it was finally agreed in RAN1#107-e and RAN#94-e that the multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled (or disabled) by RRC, and also agreed to apply the following UE assumption/behaviour if the above multiplexing is enabled by RRC.

· 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.

On the FFS point (“the overlapping channels are resultant channels after Step 1”) in above, if it is concluded not to allow (i.e., not to be expected) that Rel-15 multiplexing timeline is not met for the resultant channels after Step 1, it means that the case when the timeline requirements are not met would be treated as an error case and then the UE behaviour would be remained as undefined in this case. However, it seems to be undesirable since even in case where the UL multiplexing between different priorities is enabled by gNB, the gNB should be able to schedule urgent HP DL/UL traffic without considering the timeline for multiplexing with LP PUCCH/PUSCH, for example, by overriding the LP PUCCH/PUSCH resources already. In other words, it would not be reasonable that HP PUCCH/PUSCH is treated as an error just due to not satisfying the timeline requirements with LP PUCCH/PUSCH. 
For the above reason, it would be desirable to proceed the multiplexing and transmission at least for HP PUCCH/PUSCH (if the timeline requirements among the HP PUCCH/PUSCH are met) even in case when the timeline requirements with LP PUCCH/PUSCH are not met. To be specific, if the intra-priority multiplexing timeline requirements are met per each of LP PUCCH/PUSCH and HP PUCCH/PUSCH but the inter-priority multiplexing timeline requirements are not met, then the UE would proceed the multiplexing/transmission only for the HP by dropping the LP.
But, if the above way would cause large impacts to UE implementation complexity, then alternatively, it may be able to consider that Rel-15 multiplexing timeline is expected to be met for the overlapping of the resultant channels after Step 1 (rather than all the channels before/after Step 1) in the context of relaxing gNB’s scheduling burden.

Proposal #1: Allow the case that Rel-15 multiplexing timeline is not met for the overlapping of the resultant channels after Step 1.
· The UE would proceed the multiplexing and transmission for HP PUCCH/PUSCH (if the timeline requirements among the HP PUCCH/PUSCH are met) in case when the timeline requirements with LP are not met.
· Alternatively (if the above way would cause significant impacts to UE implementation complexity), the UE would expect that Rel-15 multiplexing timeline is met for the overlapping of the resultant channels after Step 1.

· One-to-multiple overlapping cases
In Step 2, according to the outcomes from Step 1, there could be following four cases where one channel (with longer time unit, for example, slot) with a priority overlaps with multiple channels (with shorter time unit, for example, sub-slot) with another priority. 

1) Case 1: one LP (HARQ-ACK) PUCCH overlaps with multiple HP PUCCHs
2) Case 2: one HP PUCCH overlaps with multiple LP (HARQ-ACK) PUCCHs
3) Case 3: one LP PUSCH overlaps with multiple HP PUCCHs
4) Case 4: one HP PUSCH overlaps with multiple LP PUCCHs

Firstly, for Case 1, multiplexing between LP PUCCH and HP PUCCH would need to be supported by multiplexing the LP PUCCH with one of the HP PUCCHs, and LP HARQ-ACK of the LP PUCCH would be multiplexed into a HP time unit (e.g. sub-slot) corresponding to one selected from the multiple HP PUCCHs. Considering that this overlapping case would occur not rarely and at least the multiplexing between LP HARQ-ACK and HP HARQ-ACK on a HP PUCCH is surely supported, it is desirable to avoid unnecessary dropping of LP HARQ-ACK by selecting a HP PUCCH with HP HARQ-ACK for the multiplexing with LP HARQ-ACK. Precisely, for a LP (HARQ-ACK) PUCCH overlapping with multiple HP time units, 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 (based on Alt 2 in the following working assumption in RAN1#107bis-e).
	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)



Secondly, for Case 2, handling (or multiplexing) between HP PUCCH and LP PUCCHs would not be necessary since such overlapping is to be treated as error case, according to the following agreement made in RAN1#107bis-e.
	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.



Thirdly, for Case 3 or Case 4, handling (or multiplexing) between LP PUSCH and HP PUCCHs or between HP PUSCH and LP PUCCHs would not be necessary by treating such overlapping as error case (to be avoided by gNB) according to the following agreement in RAN1#107bis-e.
	Agreement
A UE does not expect to multiplex in a PUSCH transmission HARQ-ACK information that the UE would transmit in different PUCCHs of a same priority.



Proposal #2: Consider following four overlapping cases and decide relevant multiplexing/handling behaviours for each case.
· Case 1: one LP (HARQ-ACK) PUCCH overlaps with multiple HP PUCCHs
· LP HARQ-ACK of the LP PUCCH would be multiplexed into a HP time unit corresponding to one among the multiple HP PUCCHs, based on Alt 2 below in the working assumption in RAN1#107bis-e.
· 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.
· Case 2: one HP PUCCH overlaps with multiple LP (HARQ-ACK) PUCCHs
· Handling would not be necessary (it is to be treated as error case according to the agreement in RAN1#107bis-e).
· Case 3: one LP PUSCH overlaps with multiple HP PUCCHs
· Handling would not be necessary (it is to be treated as error case according to the agreement in RAN1#107bis-e).
· Case 4: one HP PUSCH overlaps with multiple LP PUCCHs
· Handling would not be necessary (it is to be treated as error case according to the agreement in RAN1#107bis-e).

For Step 2.1, it was agreed in RAN1#107bis-e on the composition of four sub-steps during the Step 2.1 and how to determine the reference PUCCH resource 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

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



Regarding the options for determination of the reference PUCCH resource, Option 2 is preferred to avoid changes/impacts on Rel-15/16 multiplexing procedure/steps, except for the overlapping between one LP PUCCH and multiple HP PUCCHs in above, which is, anyhow, the aspect requiring Rel-17 handling. In case with the overlapping between one LP PUCCH and multiple HP PUCCHs, determination of the HP time unit associated with LP PUCCH would be done in Step 2.1-2.

Proposal #3: For resolving collision of PUCCHs of different priorities in Step 2.1, apply Option 2 as below in the agreement in RAN1#107bis-e.
· 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, and determine a HP time unit associated with a LP PUCCH if the LP PUCCH is overlapping with multiple HP PUCCHs.

2.2. PUCCH-specific aspects

· PUCCH resource determination
On this aspect, it is necessary to discuss and decide how to determine a PUCCH resource in the HP PUCCH resource set selected based on total payload size of HP UCI and LP UCI, for example, based on the PRI indicated in the last DCI corresponding to HP HARQ-ACK or based on the PRI indicated in the last DCI. For this issue, it is straightforward to determine a HP PUCCH resource based on the PRI indicated in the last DCI corresponding to HP HARQ-ACK as in Rel-16. On the other hand, it is needed to address the case when UE didn’t receive any DCI indicating HP (but received DCI indicating LP), for example, by using a PUCCH resource in HP PUCCH resource set based on the PRI indicated in the last DCI only for this case. Note that, dropping the LP HARQ-ACK just due to the reason that the HP HARQ-ACK corresponds to SPS PDSCH, is not desirable from technical perspective considering potential DL resource overhead required for PDSCH retransmission and/or potential gNB scheduling restriction to avoid the collision with HP SPS HARQ-ACK corresponding to short SPS PDSCH periodicity. 

Proposal #4: Adopt the following to determine a PUCCH resource in the HP PUCCH resource set selected based on total UCI payload size. 
· In case when at least one HP DL DCI is received by UE, the HP PUCCH resource corresponding to the PRI indicated in the last HP DCI is selected.
· In case when LP DL DCI is only received by the UE, the HP PUCCH resource corresponding to the PRI indicated in the last LP DCI is selected.

Related to this issue, it was agreed in RAN1#107bis-e that when HP PUCCH format 2/3/4 carrying HP SR and HP HARQ-ACK overlaps with LP PUCCH carrying LP HARQ-ACK, a PUCCH resource provided by HP sps-PUCCH-AN-List is used for multiplexing of the HP UCI and LP UCI if the HP HARQ-ACK is SPS HARQ-ACK as below. 
	Agreement
When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 2/3/4 overlaps with a PUCCH carrying LP HARQ-ACK, information bits for K HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, where K (K≥1) PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH carrying the HP HARQ-ACK.
· The number of HP UCI bits is , same as Rel-15;
· FFS: PF0, PF1
· Reuse other procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource with PF 2/3/4, i.e. separate coding, PRB determination, rate matching and power control.
· If the HP HARQ-ACK is a dynamic HARQ-ACK, a PUCCH resource indicated by PRI is used for multiplexing.
· If the HP HARQ-ACK is a SPS HARQ-ACK, a PUCCH resource determined from the PUCCH resource(s) provided by sps-PUCCH-AN-List is used for multiplexing.



Regarding the above agreement, the case when HP PUCCH format 0/1 carrying HP SR and HP HARQ-ACK overlaps with LP PUCCH carrying LP HARQ-ACK is remained as FFS, and specifically following 6 cases need to be considered.

1) Case 1: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK is based on PUCCH format 0
A. The LP HARQ-ACK is to be dropped to avoid performance loss of HP UCI mapping on HP HARQ-ACK PF0 resource.
2) Case 2: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK and HP SR are based on PF1 and PF1, respectively
A. The LP HARQ-ACK can be multiplexed with the HP HARQ-ACK on HP SR PF1 resource.
3) Case 3: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK and HP SR are based on PF1 and PF0, respectively
A. After dropping the HP SR, the LP HARQ-ACK is multiplexed with HP HARQ-ACK on HP HARQ-ACK PF1 resource.
4) Case 4: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK has dynamic HARQ-ACK
A. The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in HP DCI.
5) Case 5: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK is SPS HARQ-ACK with sps-PUCCH-AN-List
A. The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in LP DCI (if exists).
B. Alternatively (or if there is no LP DCI), the LP HARQ-ACK can be multiplexed with the HP UCI on HP SPS PF2/3/4 resource provided by sps-PUCCH-AN-List.
i. FFS on the case when total payload size of HP UCI + LP UCI exceeds the maximum payload size configured in sps-PUCCH-AN-List
6) Case 6: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN
A. The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in LP DCI (if exists).
B. Alternatively (or if there is no LP DCI), the LP HARQ-ACK can be dropped.

Proposal #5: Consider following 6 cases when HP PUCCH format 0/1 carrying HP SR and HP HARQ-ACK overlaps with LP PUCCH carrying LP HARQ-ACK.
· Case 1: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK is based on PUCCH format 0
· The LP HARQ-ACK is to be dropped to avoid performance loss of HP UCI mapping on HP HARQ-ACK PF0 resource.
· Case 2: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK and HP SR are based on PF1 and PF1, respectively
· The LP HARQ-ACK can be multiplexed with the HP HARQ-ACK on HP SR PF1 resource.
· Case 3: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK and HP SR are based on PF1 and PF0, respectively
· After dropping the HP SR, the LP HARQ-ACK is multiplexed with HP HARQ-ACK on HP HARQ-ACK PF1 resource.
· Case 4: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK has dynamic HARQ-ACK
· The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in HP DCI.
· Case 5: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK is SPS HARQ-ACK with sps-PUCCH-AN-List
· The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in LP DCI (if exists).
· Alternatively (or if there is no LP DCI), the LP HARQ-ACK can be multiplexed with the HP UCI on HP SPS PF2/3/4 resource provided by sps-PUCCH-AN-List.
· FFS on the case when total payload size of HP UCI + LP UCI exceeds the maximum payload size configured in sps-PUCCH-AN-List
· Case 6: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN
· The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in LP DCI (if exists).
· Alternatively (or if there is no LP DCI), the LP HARQ-ACK can be dropped.

· Multiplexing of HARQ-ACK and/or SR
Regarding the multiplexing between LP HARQ-ACK and HP HARQ-ACK on PUCCH (or PUSCH), it is necessary to consider the HARQ-ACK codebook type (e.g. Type-1/2/3 codebook) configured/indicated for the LP/HP HARQ-ACKs. Considering CA situation, there would be two types of serving cell as below, according to the configuration of priority indicator in DL DCI formats for each cell.

1) Cell type 1
A. Priority indicator is not configured in DL DCI formats for the cell.
B. PDSCH in the cell is scheduled only with LP, and thus HARQ-ACK for the PDSCH reception corresponds to LP only.
C. K1 and TDRA are configured only for LP, and all the HARQ process IDs are scheduled only with LP.
2) Cell type 2
A. Priority indicator is configured in DL DCI formats for the cell.
B. PDSCH in the cell can be scheduled with either LP or HP, and thus HARQ-ACK for the PDSCH reception can correspond to either LP or HP. 
C. K1 and TDRA are configured per each of LP-dedicated DCI format and HP-schedulable DCI format, and all or part of HARQ process IDs can be scheduled with HP.

In case of Type-1 or Type-3 codebook, for the multiplexing of LP/HP HARQ-ACKs, it may need to consider/decide how to generate HARQ-ACK payload per each of LP and HP, especially for the HARQ-ACKs corresponding to the above cell type 2 configured with priority indicator in DL DCI (e.g. mapping the HARQ-ACK for cell type 2 into both LP payload and HP payload, or mapping it only into HP payload by omitting it from LP payload). 
Especially for Type-1 codebook, it may also need to consider for entire HARQ-ACK codebook construction on whether/which DCI is scheduled/received for a given priority. For example, in case when no DCI or only single fallback DCI is scheduled/received for a given priority, it is to be decided whether/how to generate HARQ-ACK payload for the priority. 
In case of Type-2 codebook, since DAI is signalled/counted per each of LP/HP HARQ-ACKs, consequently HARQ-ACK payload for LP and HP can be separately generated as a sub-codebook based on the received DAIs per priority, and thus there seems to be no issue.

Proposal #6: Consider how to generate the HARQ-ACK payload per each of LP and HP for the multiplexing of LP/HP HARQ-ACK on PUCCH (or PUSCH), according to HARQ-ACK codebook type (e.g. Type-1/2/3 codebook).

Moreover, it was discussed how to handle potential ambiguity on the presence of LP HARQ-ACK feedback or the size of LP HARQ-ACK codebook due to DCI missing in case of multiplexing HP HARQ-ACK and the LP HARQ-ACK on a same PUCCH/PUSCH. On this issue, it is reasonable to consider an additional field in the DL/UL DCIs corresponding to HP HARQ-ACK/PUSCH for determining the number of LP HARQ-ACK bits multiplexed (with HP HARQ-ACK bits) on PUCCH/PUSCH. 
To be specific, in case of Type-2 codebook based LP HARQ-ACK, multiple candidate payload sizes such as {X-bit, Y-bit, Z-bit, W-bit} can preconfigured by RRC (where X < Y < Z < W), and one of the candidate sizes can be indicated by DCI. Then, the UE generates LP HARQ-ACK payload based on the indicated size potentially with padding of NACK bits or dropping of some HARQ-ACK according to the difference between the indicated size and actual payload from UE perspective. Alternatively, it can be considered to indicate T-DAI corresponding to LP HARQ-ACK via HP DCI, but the T-DAI indication would cause increase of HP DCI payload size in case with CBG configuration for LP HARQ-ACK. To address the concern on overhead and reliability of HP DCI, Alt 1) the HP DCI only indicates T-DAI corresponding to TB-based PDSCH for LP HARQ-ACK where LP HARQ-ACK corresponding to CBG-based PDSCH would be dropped (if exists) in case of multiplexing, or Alt 2) the T-DAI indication is only applied for the case without CBG configuration for LP HARQ-ACK while the payload size indication as in above is used for the case with CBG configuration for LP HARQ-ACK.
In addition, in case of Type-1 codebook based LP HARQ-ACK, three candidate payload sizes such as {full codebook (corresponding to all the TDRA entries and all the K1 values), fallback HARQ-ACK (corresponding to the DCI scheduling Pcell with DAI = 1), no HARQ-ACK} or simply two candidate payload sizes such as {full codebook, no HARQ-ACK} can be considered (without RRC configuration), and one of the candidate sizes can be indicated by HP DCI. Then, the UE would generate LP HARQ-ACK payload just based on the indicated size. 

Proposal #7: Introduce an additional field in the DL/UL HP DCIs for determining the number of LP HARQ-ACK bits multiplexed on PUCCH/PUSCH for both Type-1 and Type-2 codebooks, in order to handle potential ambiguity on the presence of LP HARQ-ACK feedback or the size of LP HARQ-ACK codebook.
· For Type-1 codebook based LP HARQ-ACK, one of {full codebook, no HARQ-ACK} is indicated by 1-bit field in HP DCI.
· For Type-2 codebook based LP HARQ-ACK, one of {X-bit, Y-bit, Z-bit, W-bit} (where X < Y < Z < W) is indicated by 2-bit field in HP DCI.

Regarding the multiplexing between HP SR and LP HARQ-ACK of up to 2 bits on PUCCH (format 0 or format 1, e.g., PF0 or PF1), following three cases may need to be enhanced to guarantee HP SR reliability related to PUSCH (scheduling) latency. 

1) Case 1: SR PF0 + HARQ-ACK PF0
A. Currently, an offset of 3 or 1 is added to the sequence CS values on HARQ-ACK PF0 for HARQ-ACK with 1-bit or 2-bit, respectively, in case when SR is positive.
2) Case 2: SR PF0 + HARQ-ACK PF1 
A. Currently, HARQ-ACK is only transmitted on PF1 by dropping SR.
3) Case 3: SR PF1 + HARQ-ACK PF0
A. Currently, the same behavior is applied as in the above Case 1.

For Case 1 and Case 3, in case of 2-bit HARQ-ACK, the CS gap between negative SR and positive SR becomes too small (since the CS gap is 1), and thus it would cause degradation of HP SR reliability under certain channel condition. For Case 2, obviously due to the dropping of SR, it would be undesirable in terms of ensuring HP SR reliability.

On this multiplexing issue, in order to address all the cases in above with a single unified handling, the following behaviours need to be adopted.

1) Unified handling for the multiplexing of HP SR PF0/1 + LP HARQ-ACK PF0/1
A. For positive SR, transmit HARQ-ACK on the SR PUCCH resource. 
i. On HP SR PF0, two CS values as m0 + {0, 6} or four CS values as m0 + {0, 3, 6, 9} is used for mapping of 1-bit or 2-bit LP HARQ-ACK respectively, where m0 is the CS value configured for SR only transmission in Rel-16.
ii. On HP SR PF1, BPSK or QPSK modulation is applied for LP HARQ-ACK of 1-bit or 2-bit respectively.
B. For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.

Proposal #8: Apply a single unified handling for the multiplexing of HP SR PF0/1 + LP HARQ-ACK PF0/1 as the following way. 
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· On HP SR PF0, two CS values as m0 + {0, 6} or four CS values as m0 + {0, 3, 6, 9} is used for mapping of 1-bit or 2-bit LP HARQ-ACK respectively, where m0 is the CS value configured for SR only transmission in Rel-16.
· On HP SR PF1, BPSK or QPSK modulation is applied for LP HARQ-ACK of 1-bit or 2-bit respectively.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.

2.3. PUSCH-specific aspects

· UCI RE mapping (order) on PUSCH
In previous meeting, it was discussed how to multiplex HP UCI and LP UCI on LP PUSCH or HP PUSCH in terms of mapping UCI REs or dropping some UCI, and it needs to consider whether the CSI to be multiplexed on PUSCH consists of two parts or single part, and whether the PUSCH for multiplexing of the UCIs is conveying UL-SCH or not. For example, the above discussion/consideration at least addressed the case when HP HARQ-ACK and LP HARQ-ACK and LP CSI are to be multiplexed on LP PUSCH, and the case when HP HARQ-ACK and LP HARQ-ACK and HP CSI are to be multiplexed on HP PUSCH. Thus, including the above cases, overall UCI RE mapping rule (order) on PUSCH with different priority can be summarized as below, according to various combinations of UCI and PUSCH (here, {A, B, C} implies the mapping order that, B is mapped after mapping of A and C is mapped after mapping of B).

1) Case H1: {HP HARQ-ACK, LP HARQ-ACK, HP CSI} on HP PUSCH
A. Case H1-1: HP CSI consists of two parts
i. {HP HARQ-ACK, HP CSI part 1, HP CSI part 2} are multiplexed on HP PUSCH, by dropping LP HARQ-ACK (as agreed in RAN1#107bis-e)
B. Case H1-2: HP CSI consists of single part
i. {HP HARQ-ACK, HP single-part CSI, LP HARQ-ACK} are all multiplexed on HP PUSCH, without UCI dropping (as agreed in RAN1#107bis-e)
2) Case H2: {LP HARQ-ACK, HP CSI} on HP PUSCH
A. Case H2-1: HP CSI consists of two parts
i. {LP HARQ-ACK, HP CSI part 1, HP CSI part 2} are all multiplexed on HP PUSCH
B. Case H2-2: HP CSI consists of single part
i. {LP HARQ-ACK, HP single-part CSI} are all multiplexed on HP PUSCH
3) Case H3: {HP HARQ-ACK, HP CSI} on HP PUSCH
A. Case H3-1: HP CSI consists of two parts
i. {HP HARQ-ACK, HP CSI part 1, HP CSI part 2} are all multiplexed on HP PUSCH
B. Case H3-2: HP CSI consists of single part
i. {HP HARQ-ACK, HP single-part CSI} are all multiplexed on HP PUSCH
4) Case L1: {HP HARQ-ACK, LP HARQ-ACK, LP CSI} on LP PUSCH
A. Case L1-1: LP CSI consists of two parts
i. {HP HARQ-ACK, LP HARQ-ACK, LP CSI part 1} are multiplexed on LP PUSCH, by dropping LP CSI part 2 (as already agreed)
B. Case L1-2: LP CSI consists of single part
i. {HP HARQ-ACK, LP HARQ-ACK, LP single-part CSI} are all multiplexed on LP PUSCH, without UCI dropping (as agreed in RAN1#107bis-e)
5) Case L2: {HP HARQ-ACK, LP CSI} on LP PUSCH
A. Case L2-1: LP CSI consists of two parts
i. {HP HARQ-ACK, LP CSI part 1, LP CSI part 2} are all multiplexed on LP PUSCH
B. Case L2-2: LP CSI consists of single part
i. {HP HARQ-ACK, LP single-part CSI} are all multiplexed on LP PUSCH
6) Case L3: {LP HARQ-ACK, LP CSI} on LP PUSCH
A. Case L3-1: LP CSI consists of two parts
i. {LP HARQ-ACK, LP CSI part 1, LP CSI part 2} are all multiplexed on LP PUSCH
B. Case L3-2: LP CSI consists of single part
i. {LP HARQ-ACK, LP single-part CSI} are all multiplexed on LP PUSCH

Especially, it needs to consider/discuss how to generate the reserved REs corresponding to 2-bit HARQ-ACK on PUSCH in case when this inter-priority UL multiplexing is enabled. Considering potential missing of the DCI corresponding to HP HARQ-ACK by the UE, the reserved REs are to be generated based on the beta offset configured for HP HARQ-ACK and to be mapped on LP PUSCH as well as HP PUSCH (especially, CG PUSCH without associated DCI indicating UL DAI), even in case when there is no HP HARQ-ACK from UE perspective. For example, for the above Case H2 and Case L3, the reserved REs are generated by the beta offset for HP HARQ-ACK, and mapped on HP PUSCH (in Case H2) or LP PUSCH (in Case L3) even though there is no HP HARQ-ACK from UE perspective.

Related to this issue, the proposal below was provided and discussed during RAN1#107bis-e, especially for Option 1 and Option 2.
	Proposal:
· 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, down-select from the two options:
· Option 1: 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.”  
· Option 2: UE follows the same behavior as that in case of PUSCH with HP HARQ-ACK.



Regarding the above proposal, Option 2 is preferred in the same context to avoid impact on HP UL-SCH rate-matching/reliability caused by (wrong) LP HARQ-ACK rate-matching since this situation is different from Rel-16. In Rel-16, even if the UE missed HP DL DCI, there is no impact to HP UL-SCH rate-matching since the REs for 2-bit HP HARQ-ACK are reserved. But in this Rel-17 case, if the UE missed HP DL DCI, the UE would multiplex LP HARQ-ACK based on Rel-15 HARQ-ACK rate-matching/mapping in case with Option 1 but the gNB would expect that the LP HARQ-ACK is multiplexed based on Rel-15 CSI part 1 rate-matching/mapping. Due to such wrong rate-matching, HP UL-SCH (as well as LP HARQ-ACK) reliability would be degraded compared to Rel-16 HP performance.

Proposal #9: Consider the following aspect by taking potential missing of the DCI corresponding to HP HARQ-ACK by the UE into account.
· The reserved REs corresponding to 2-bit HARQ-ACK on PUSCH are to be generated based on the beta offset configured for HP HARQ-ACK and to be mapped on LP PUSCH as well as HP PUSCH, even in case when there is no HP HARQ-ACK from UE perspective.

In addition, it may need to consider whether/how to handle the case where the actual coding rate of LP HARQ-ACK or LP CSI in the above Case H1-2 or Case L1 (which applies Rel-15 CSI part 2 rate-matching/RE mapping) exceeds the coding rate provided based on the corresponding beta offset, for example, whether to drop the LP HARQ-ACK/CSI partially (as for Rel-15 CSI part 2) or to drop the LP HARQ-ACK/CSI entirely (or to transmit the LP HARQ-ACK/CSI without dropping).

Proposal #10: Consider whether/how to handle the case where actual coding rate of LP HARQ-ACK or LP CSI (which applies Rel-15 CSI part 2 rate-matching/RE mapping) on HP/LP PUSCH exceeds the coding rate provided based on the corresponding beta offset.

Moreover, it needs to consider/discuss how to handle the case where the required number of REs for HP HARQ-ACK mapping (determined by the beta offset configured for HP HARQ-ACK) on LP PUSCH exceeds the maximum number of REs allowed for UCI mapping on LP PUSCH (determined by the scaling factor (i.e., alpha factor) configured for LP PUSCH), for example, transmitting the HP HARQ-ACK on a PUCCH by dropping the LP PUSCH or assuming the alpha factor value for the LP PUSCH as 1 in this case.

Proposal #11: Consider to handle the case where the required number of REs for HP HARQ-ACK mapping exceeds the maximum number of REs allowed for UCI mapping on LP PUSCH.

Furthermore, regarding UCI multiplexing on NR-U CG PUSCH, currently, one of following two modes can be configured for the UE by the gNB.

1) Mode 1
A. When CG PUSCH overlaps with HARQ-ACK PUCCH, CG-UCI and the HARQ-ACK are jointly encoded and mapped on the CG PUSCH. 
2) Mode 2
A. When CG PUSCH overlaps with HARQ-ACK PUCCH, the CG PUSCH is not transmitted (based on skipping) by the UE.

Considering UCI multiplexing on the above NR-U CG PUSCH with different priority in case of Mode 2, it may be necessary to consider three aspects: 1) how to determine the priority of CG-UCI (e.g. follow the priority of PUSCH, or follow the priority of HARQ-ACK jointly encoded with the CG-UCI), 2) how to encode the CG-UCI payload (e.g. only allow joint encoding with HARQ-ACK of same priority, or also allow joint encoding with HARQ-ACK of different priority), 3) how to map the (coded) CG-UCI REs together with the (coded) HARQ-ACK REs on the CG PUSCH.
Assuming that the priority of CG-UCI is the same as that of CG PUSCH and joint encoding with HARQ-ACK of same priority is only allowed for the CG-UCI, following four cases are to be considered for the multiplexing of CG-UCI and HARQ-ACK on CG PUSCH.

1) Case CG-H1: {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} on HP CG PUSCH
A. HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs
2) Case CG-H2: {HP CG-UCI, LP HARQ-ACK} on HP CG PUSCH
A. HP CG-UCI and LP HARQ-ACK are separately encoded.
3) Case CG-L1: {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} on LP CG PUSCH
A. LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs
4) Case CG-H2: {HP HARQ-ACK, LP CG-UCI} on LP CG PUSCH
A. HP HARQ-ACK and LP CG-UCI are separately encoded.

Proposal #12: Support following four cases for the multiplexing of CG-UCI and HARQ-ACK on CG PUSCH.
· Case 1: {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} on HP CG PUSCH
· HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs.
· Case 2: {HP CG-UCI, LP HARQ-ACK} on HP CG PUSCH
· HP CG-UCI and LP HARQ-ACK are separately encoded.
· Case 3: {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} on LP CG PUSCH
· LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs.
· Case 4: {HP HARQ-ACK, LP CG-UCI} on LP CG PUSCH
· HP HARQ-ACK and LP CG-UCI are separately encoded.

· Determination of REs for UCI mapping
It was agreed to support separate configuration of beta offset values for multiplexing of different priorities, and whether to support separate configuration even for alpha factor is remained as FFS point. For almost same reason with the beta offset for the purpose of guaranteeing, for example, the reliability of HP UCI (multiplexed on LP PUSCH), separate configuration of alpha factor values for multiplexing of different priorities may need to be supported to guarantee, for example, the reliability of HP PUSCH (with piggybacking of LP UCI).
For example, for each priority (e.g. LP, HP) of PUSCH, beta offset can be configured per each of LP UCI and HP UCI. For another example, for each priority of PUSCH, alpha factor can be configured separately for the case only with LP UCI and for the case with HP UCI, or for LP UCI only case and for HP UCI only case and for the case with both LP UCI and HP UCI. Moreover, for flexible/adaptive control of the (maximum) amount of UCI REs on PUSCH from gNB perspective, it can be considered to indicate alpha factor by DCI similarly with dynamic beta offset.
In RAN1#104-e, it was agreed to support small beta offset value in the range from 0 to 1 for multiplexing of LP HARQ-ACK on HP PUSCH. However, configuring alpha factor for the case of LP HARQ-ACK on HP PUSCH separately from the case of HP HARQ-ACK on HP PUSCH, would be more effective since effect of the alpha factor is more dominant in terms of ensuring HP PUSCH reliability/protection rather than effect of using the small beta offset.

Proposal #13: Support separate configuration of alpha factor as well as beta offset per each of UCI priority or per UCI priority combination (e.g. for LP and HP, or for LP only case and other cases) for each priority (e.g. LP, HP) of PUSCH, to ensure reliability/protection of HP PUSCH.

· Simultaneous TX of PUCCH+PUSCH 
It had been agreed to support simultaneous PUCCH+PUSCH transmission for PUCCH and PUSCH with different priority in different bands, and this feature would be enabled or disabled by the corresponding RRC parameter. In addition, it was also agreed that inter-priority multiplexing on PUCCH/PUSCH is enabled or disabled by the corresponding RRC parameter. Besides, as mentioned in above, following was agreed as the overall procedure (steps) for the inter-priority multiplexing of UCIs on PUCCH/PUSCH.

1) Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
2) Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
A. Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs.
B. Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities.

The outcome of the above Step 1 could be different as the following four cases, and the corresponding UL multiplexing/transmission behaviours need to be considered according to two RRC parameters in above as {inter-priority mux on PUCCH/PUSCH, simultaneous PUCCH+PUSCH}.

1) Case 1
A. The outcome of Step 1 is as below.
i. LP outcome: LP PUSCH multiplexed with LP UCI
ii. HP outcome: HP PUSCH multiplexed with HP UCI
B. In this case, if the LP outcome is overlapped with the HP outcome in a same cell, following behavior can be considered.
i. If inter-priority mux on PUCCH/PUSCH = enabled, 
1. The LP UCI in the LP outcome is multiplexed on the HP outcome.
ii. If inter-priority mux on PUCCH/PUSCH = disabled, 
1. The LP outcome is dropped and the HP outcome is only transmitted.
2) Case 2
A. The outcome of Step 1 is as below.
i. LP outcome: LP PUSCH multiplexed with LP UCI
ii. HP outcome: HP PUCCH with HP UCI (due to no overlapping with any HP PUSCH)
B. In this case, if the HP outcome is overlapped with the LP outcome in same or different cell, following behavior can be considered.
i. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = disabled,
1. The HP UCI in the HP outcome is multiplexed on the LP outcome.
ii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = disabled,
1. The HP UCI in the HP outcome and the LP UCI in the LP outcome are multiplexed on a same PUCCH (Opt A).
2. Or, the LP outcome is dropped and the HP outcome is only transmitted (Opt B).
iii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP outcome and the LP outcome are in a same band, Opt A or Opt B in above is applied.
2. If the HP outcome and the LP outcome are in different bands, those two channels are simultaneously transmitted.
iv. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP outcome and the LP outcome are in a same band, the HP UCI in the HP outcome is multiplexed on the LP outcome.
2. If the HP outcome and the LP outcome are in different bands, those two channels are simultaneously transmitted.
3) Case 3
A. The outcome of Step 1 is as below.
i. LP outcome: LP PUCCH with LP UCI (due to no overlapping with any LP PUSCH)
ii. HP outcome: HP PUSCH multiplexed with HP UCI
B. In this case, if the LP outcome is overlapped with the HP outcome in same or different cell, following behavior can be considered.
i. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = disabled,
1. The LP UCI in the LP outcome is multiplexed on the HP outcome.
ii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = disabled,
1. The LP outcome is dropped and the HP outcome is only transmitted.
iii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP outcome and the LP outcome are in a same band, the LP outcome is dropped and the HP outcome is only transmitted.
2. If the HP outcome and the LP outcome are in different bands, those two channels are simultaneously transmitted.
iv. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP outcome and the LP outcome are in a same band, the LP UCI in the LP outcome is multiplexed on the HP outcome.
2. If the HP outcome and the LP outcome are in different bands, those two channels are simultaneously transmitted.
4) Case 4
A. The outcome of Step 1 is as below.
i. LP outcome: LP PUCCH with LP UCI (due to no overlapping with any LP PUSCH)
ii. HP outcome: HP PUCCH with HP UCI (due to no overlapping with any HP PUSCH)
B. In this case, after preforming the multiplexing of the LP UCI in the LP outcome and the HP UCI in the HP outcome into a same PUCCH (denoted as “HP/LP-mux PUCCH”), if the HP/LP-mux PUCCH is overlapped with HP PUSCH or LP PUSCH in same or different cell, following behavior can be considered.
i. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = disabled,
1. The UCIs in the HP/LP-mux PUCCH is multiplexed on the overlapped HP/LP PUSCH.
ii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = disabled,
1. The overlapped HP/LP PUSCH is dropped and the HP/LP-mux PUCCH is only transmitted (Opt A).
2. The LP UCI in the HP/LP-mux PUCCH is dropped and the HP UCI in the HP/LP-mux PUCCH is only multiplexed on the overlapped HP PUSCH (Opt B).
iii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP/LP-mux PUCCH and the overlapped HP/LP PUSCH are in a same band, Opt A or Opt B in above is applied.
2. If the HP/LP-mux PUCCH and the overlapped HP/LP PUSCH are in different bands, those two channels are simultaneously transmitted.
iv. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP/LP-mux PUCCH and the overlapped HP/LP PUSCH are in a same band, the UCIs in the HP/LP-mux PUCCH is multiplexed on the overlapped HP/LP PUSCH.
2. If the HP/LP-mux PUCCH and the overlapped HP/LP PUSCH are in different bands, those two channels are simultaneously transmitted.

Proposal #14: Consider simultaneous PUCCH+PUSCH transmission together with the inter-priority multiplexing on PUCCH/PUSCH.
· The overall UL multiplexing/transmission behaviors could be different according to:
· The outcome of Step 1 and enabling/disabling of two features as {inter-priority multiplexing on PUCCH/PUSCH, simultaneous PUCCH+PUSCH transmission}.
· Simultaneous PUCCH+PUSCH transmission is only considered in Step 2 (i.e., not considered in Step 1) to handle overlapping between different priorities.
· Specifically, if simultaneous PUCCH+PUSCH TX is enabled, it is only used in Step 2-2.

3. Conclusions
In this contribution, intra-UE multiplexing on PUCCH/PUSCH with different priorities was discussed, and the followings are proposed.

Proposal #1: Allow the case that Rel-15 multiplexing timeline is not met for the overlapping of the resultant channels after Step 1.
· The UE would proceed the multiplexing and transmission for HP PUCCH/PUSCH (if the timeline requirements among the HP PUCCH/PUSCH are met) in case when the timeline requirements with LP are not met.
· Alternatively (if the above way would cause significant impacts to UE implementation complexity), the UE would expect that Rel-15 multiplexing timeline is met for the overlapping of the resultant channels after Step 1.
Proposal #2: Consider following four overlapping cases and decide relevant multiplexing/handling behaviours for each case.
· Case 1: one LP (HARQ-ACK) PUCCH overlaps with multiple HP PUCCHs
· LP HARQ-ACK of the LP PUCCH would be multiplexed into a HP time unit corresponding to one among the multiple HP PUCCHs, based on Alt 2 below in the working assumption in RAN1#107bis-e.
· 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.
· Case 2: one HP PUCCH overlaps with multiple LP (HARQ-ACK) PUCCHs
· Handling would not be necessary (it is to be treated as error case according to the agreement in RAN1#107bis-e).
· Case 3: one LP PUSCH overlaps with multiple HP PUCCHs
· Handling would not be necessary (it is to be treated as error case according to the agreement in RAN1#107bis-e).
· Case 4: one HP PUSCH overlaps with multiple LP PUCCHs
· Handling would not be necessary (it is to be treated as error case according to the agreement in RAN1#107bis-e).
Proposal #3: For resolving collision of PUCCHs of different priorities in Step 2.1, apply Option 2 as below in the agreement in RAN1#107bis-e.
· 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, and determine a HP time unit associated with a LP PUCCH if the LP PUCCH is overlapping with multiple HP PUCCHs.
Proposal #4: Adopt the following to determine a PUCCH resource in the HP PUCCH resource set selected based on total UCI payload size. 
· In case when at least one HP DL DCI is received by UE, the HP PUCCH resource corresponding to the PRI indicated in the last HP DCI is selected.
· In case when LP DL DCI is only received by the UE, the HP PUCCH resource corresponding to the PRI indicated in the last LP DCI is selected.
Proposal #5: Consider following 6 cases when HP PUCCH format 0/1 carrying HP SR and HP HARQ-ACK overlaps with LP PUCCH carrying LP HARQ-ACK.
· Case 1: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK is based on PUCCH format 0
· The LP HARQ-ACK is to be dropped to avoid performance loss of HP UCI mapping on HP HARQ-ACK PF0 resource.
· Case 2: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK and HP SR are based on PF1 and PF1, respectively
· The LP HARQ-ACK can be multiplexed with the HP HARQ-ACK on HP SR PF1 resource.
· Case 3: HP HARQ-ACK + LP HARQ-ACK = 2 bits, and the HP HARQ-ACK and HP SR are based on PF1 and PF0, respectively
· After dropping the HP SR, the LP HARQ-ACK is multiplexed with HP HARQ-ACK on HP HARQ-ACK PF1 resource.
· Case 4: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK has dynamic HARQ-ACK
· The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in HP DCI.
· Case 5: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK is SPS HARQ-ACK with sps-PUCCH-AN-List
· The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in LP DCI (if exists).
· Alternatively (or if there is no LP DCI), the LP HARQ-ACK can be multiplexed with the HP UCI on HP SPS PF2/3/4 resource provided by sps-PUCCH-AN-List.
· FFS on the case when total payload size of HP UCI + LP UCI exceeds the maximum payload size configured in sps-PUCCH-AN-List
· Case 6: HP HARQ-ACK + LP HARQ-ACK > 2 bits, and the HP HARQ-ACK is SPS HARQ-ACK with n1PUCCH-AN
· The LP HARQ-ACK is multiplexed with the HP UCI on HP HARQ-ACK PF2/3/4 resource determined by PRI indicated in LP DCI (if exists).
· Alternatively (or if there is no LP DCI), the LP HARQ-ACK can be dropped.
Proposal #6: Consider how to generate the HARQ-ACK payload per each of LP and HP for the multiplexing of LP/HP HARQ-ACK on PUCCH (or PUSCH), according to HARQ-ACK codebook type (e.g. Type-1/2/3 codebook).
Proposal #7: Introduce an additional field in the DL/UL HP DCIs for determining the number of LP HARQ-ACK bits multiplexed on PUCCH/PUSCH for both Type-1 and Type-2 codebooks, in order to handle potential ambiguity on the presence of LP HARQ-ACK feedback or the size of LP HARQ-ACK codebook.
· For Type-1 codebook based LP HARQ-ACK, one of {full codebook, no HARQ-ACK} is indicated by 1-bit field in HP DCI.
· For Type-2 codebook based LP HARQ-ACK, one of {X-bit, Y-bit, Z-bit, W-bit} (where X < Y < Z < W) is indicated by 2-bit field in HP DCI.
Proposal #8: Apply a single unified handling for the multiplexing of HP SR PF0/1 + LP HARQ-ACK PF0/1 as the following way. 
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· On HP SR PF0, two CS values as m0 + {0, 6} or four CS values as m0 + {0, 3, 6, 9} is used for mapping of 1-bit or 2-bit LP HARQ-ACK respectively, where m0 is the CS value configured for SR only transmission in Rel-16.
· On HP SR PF1, BPSK or QPSK modulation is applied for LP HARQ-ACK of 1-bit or 2-bit respectively.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal #9: Consider the following aspect by taking potential missing of the DCI corresponding to HP HARQ-ACK by the UE into account.
· The reserved REs corresponding to 2-bit HARQ-ACK on PUSCH are to be generated based on the beta offset configured for HP HARQ-ACK and to be mapped on LP PUSCH as well as HP PUSCH, even in case when there is no HP HARQ-ACK from UE perspective.
Proposal #10: Consider whether/how to handle the case where actual coding rate of LP HARQ-ACK or LP CSI (which applies Rel-15 CSI part 2 rate-matching/RE mapping) on HP/LP PUSCH exceeds the coding rate provided based on the corresponding beta offset.
Proposal #11: Consider to handle the case where the required number of REs for HP HARQ-ACK mapping exceeds the maximum number of REs allowed for UCI mapping on LP PUSCH.
Proposal #12: Support following four cases for the multiplexing of CG-UCI and HARQ-ACK on CG PUSCH.
· Case 1: {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} on HP CG PUSCH
· HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs.
· Case 2: {HP CG-UCI, LP HARQ-ACK} on HP CG PUSCH
· HP CG-UCI and LP HARQ-ACK are separately encoded.
· Case 3: {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} on LP CG PUSCH
· LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs.
· Case 4: {HP HARQ-ACK, LP CG-UCI} on LP CG PUSCH
· HP HARQ-ACK and LP CG-UCI are separately encoded.
Proposal #13: Support separate configuration of alpha factor as well as beta offset per each of UCI priority or per UCI priority combination (e.g. for LP and HP, or for LP only case and other cases) for each priority (e.g. LP, HP) of PUSCH, to ensure reliability/protection of HP PUSCH.
Proposal #14: Consider simultaneous PUCCH+PUSCH transmission together with the inter-priority multiplexing on PUCCH/PUSCH.
· The overall UL multiplexing/transmission behaviors could be different according to:
· [bookmark: _GoBack]The outcome of Step 1 and enabling/disabling of two features as {inter-priority multiplexing on PUCCH/PUSCH, simultaneous PUCCH+PUSCH transmission}.
· Simultaneous PUCCH+PUSCH transmission is only considered in Step 2 (i.e., not considered in Step 1) to handle overlapping between different priorities.
· Specifically, if simultaneous PUCCH+PUSCH TX is enabled, it is only used in Step 2-2.

4. References
RAN1 chairman’s notes, RAN1#107bis-e
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