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[bookmark: _Ref521334010]Introduction
At the RAN1#106bis-e meeting, intra-UE multiplexing and prioritization were discussed and the following agreements were reached [1].
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Agreement
The following working assumption is confirmed.
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, in case the total number of LP and HP HARQ-ACK bits is 2:
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).

Agreement
For both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1

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 and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI, 
· HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.1 and Clause 5.3.3. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· For LP HARQ-ACK, reuse R15 Part 1 CSI rate matching and RE mapping.

Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs,
· The number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 3 is determined as following:
· If  , the minimum number of RBs is determined as the number of , satisfying  and 
· Note:  is multiplied at both sides to avoid mismatch between gNB and UE due to floating point operation. Editor to capture as suggested.
· Otherwise, 
· Alt1: the number of RBs is . FFS: Whether/How LP HARQ-ACK is dropped.
· Alt2: the number of RBs is determined by HP ACK payload size. LP HARQ-ACK is fully dropped. 
· Other alternatives are not precluded.
· r_HP_UCI is maxCodeRate configured for HP bits and r_LP_UCI is maxCodeRate configured for LP bits in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· FFS whether more than one maxCodeRate can be configured for one priority.
· If   is not equal to [image: ] according to [4, TS 38.211],  is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 provided by the second PUCCH-Config [12, TS 38.331].
· HP coded bits and LP coded bits are not transmitted using the same RE(s)
· FFS for PUCCH format 2.

Agreement
For collision between HP CG PUSCH and LP DG PUSCH, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to transmit the CG PUSCH and cancel the DG PUSCH at latest from the first symbol that is overlapping with the CG PUSCH.
· Note: For the DG PUSCH, it is up to UE implementation to handle OFDM symbols of the DG PUSCH before the start of HP CG PUSCH which are nonoverlapping with the HP CG PUSCH.
· FFS: How to handle the collision when there is repetition for CG and/or DG PUSCH
In this contribution, we give our further considerations for intra-UE multiplexing and prioritization based on previous agreements.
Framework for intra-UE multiplexing/prioritization
Time unit for multiplexing
For handling overlapping PUCCHs/PUSCHs with different priorities in R17, it was agreed that intra-priority multiplexing/prioritization is performed before inter-priority multiplexing/prioritization. However, it is not clear how to determine the multiplexing time unit if the time unit for high priority PUCCH is different from low priority PUCCH. It was agreed that PUCCH resource in the second PUCCH-Config is used for multiplexing at least for LP and HP HARQ-ACK. We prefer to apply the same rule for other cases, which is to multiplex UCIs with different priorities on a PUCCH resource with high priority, hence the time unit of high priority PUCCH should be used as the time unit for multiplexing. It was agreed to support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met. Then, for a low priority PUCCH which goes across multiple time units of high priority PUCCH, it is not clear that the low priority PUCCH belongs to which time unit for multiplexing. There were two options proposed in the last meeting:
· Option 1: low priority PUCCH multiplex with the first overlapping high priority PUCCH;
· Option 2: low priority PUCCH joins the multiplexing procedure in each of the overlapping time units for multiplexing from the first overlapping time unit, unless the low priority PUCCH is determined to be dropped or multiplexed with other channels.
The multiplexing results are the same for the two options except for the following scenario as shown in Figure 1. In the first HP sub-slot, there is a PUCCH with HP SR overlapping with LP HARQ-ACK, assuming UE transmits LP HARQ-ACK on HP SR resource for positive SR, and transmit LP HARQ-ACK on LP HARQ-ACK PUCCH resource for negative SR, option 1 does not work for this scenario when HP SR is negative. In addition, whether/how option 1 works depend on multiplexing rules of HP SR and LP HARQ-ACK between different PUCCH formats which have not been decided. Option 2 works well in this scenario. Hence, option 2 is preferred.


[bookmark: _Ref68081847]Figure 1: LP PUCCH-1 join the multiplexing procedure of both HP sub-slots
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: The time unit of high priority PUCCH is used as the time unit for multiplexing.
Proposal 2: For a low priority PUCCH which goes across multiple time units for multiplexing, the low priority PUCCH joins the multiplexing procedure in each of the overlapping time units for multiplexing from the first overlapping time unit, unless the low priority PUCCH is determined to be dropped or multiplexed with other channels.
Multiplexing timeline
For handling overlapping PUCCHs/PUSCHs with different priorities in R17, the following steps were agreed in last meeting:
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority;
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities.
Firstly, how to apply the Rel-15 multiplexing timeline should be considered. In Rel-15, multiplexing timeline should be always satisfied for all the overlapping channels. For overlapping PUCCHs/PUSCHs in R17, it is not clear whether multiplexing timeline should be always satisfied for all the overlapping channels with same/different priorities. Based on the agreement, UE should first resolve overlapping PUCCHs and/or PUSCHs with the same priority, hence Rel-15 multiplexing timeline should be always satisfied at least for overlapping PUCCHs and/or PUSCHs with the same priority. For overlapping PUCCHs and/or PUSCHs with different priorities, multiplexing timeline may not need to be satisfied considering the latency requirement or the supported multiplexing scenarios and so on. For example, LP CSI would be dropped if a LP PUCCH with CSI overlaps with a HP PUCCH with HARQ-ACK, so there is no need to satisfy the Rel-15 multiplexing timeline. Hence, for overlapping PUCCHs and/or PUSCHs with different priorities, Rel-15 multiplexing timeline can be reused only when multiplexing between PUCCHs and/or PUSCHs with different priorities would be applied.
Proposal 3: Rel-15 multiplexing timeline is reused for overlapping PUCCHs and/or PUSCHs with the same priority and overlapping PUCCHs and/or PUSCHs with different priorities when multiplexing would be applied.
Rel-17 intra-UE multiplexing enabling/disabling
For Rel-17 intra-UE multiplexing enabling/disabling, the following two options should be considered:
· Option 1: RRC configuration + DCI indication 
· Option 2: Only RRC configuration
If only RRC configuration is supported for Rel-17 intra-UE multiplexing enabling/disabling, Rel-15 multiplexing timeline should be satisfied for the overlapping PUCCHs and/or PUSCHs with different priorities of which intra-UE multiplexing is supported in Rel-17. However, this is not preferred since it would limit the scheduling flexibility of high priority channels, and the latency of high priority channels may increase. In addition, if the resource on the multiplexing channel is limited, additional rules should be defined for dropping. Hence, support of dynamic enabling/disabling of Rel-17 intra-UE multiplexing via DCI indication is preferred.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]For multiplexing between PUCCHs with different priorities, it is preferred that DCI-based indication is carried on the scheduling DCI corresponding to the HP PUCCH, since we prefer to multiplex UCI with different priorities in a PUCCH resource with high priority. For HP PUCCH without corresponding DCI, multiplexing with LP HARQ-ACK can be always enabled. gNB could avoid to schedule a LP HARQ-ACK which cannot be multiplexed with the HP PUCCH without corresponding DCI. Fallback DCI cannot schedule a HP PUCCH, hence there is no need to support DCI-based indication in fallback DCI corresponding to HP PUCCH. 
For multiplexing between PUCCH and PUSCH with different priorities, DCI-based indication can be carried on the scheduling DCI corresponding to the PUSCH. For LP PUSCH scheduled by fallback DCI or for LP CG PUSCH, additional bit field in fallback DCI and limit the scheduling flexibility of high priority channels are not preferred, hence multiplexing HP UCI on a LP PUSCH scheduled by fallback DCI or on LP CG PUSCH should not be supported. For HP CG PUSCH, multiplexing with LP UCI can be supported, gNB could avoid to schedule a LP HARQ-ACK which cannot be multiplexed on the HP CG PUSCH.
Proposal 4: DCI-based enabling/disabling of Rel-17 intra-UE multiplexing is supported. If Rel-17 intra-UE multiplexing is enabled by RRC, 
· For multiplexing between PUCCHs with different priorities, 
· Enable/disable of LP HARQ-ACK multiplexed in a HP PUCCH with corresponding DCI is indicated in the DCI associated with HP PUCCH;
· LP HARQ-ACK multiplexing in a HP PUCCH without corresponding DCI is always enabled;
· For multiplexing between PUCCH and PUSCH with different priorities, 
· Enable/disable of multiplexing between PUCCH and PUSCH with corresponding DCI is indicated in the scheduling DCI corresponding to the PUSCH;
· multiplexing HP UCI on a LP PUSCH scheduled by fallback DCI or on LP CG PUSCH is always disabled;
· multiplexing LP UCI on HP CG PUSCH is always enabled.
Overlapping resolution order of PUCCHs and/or PUSCHs with different priorities
In the last meeting, the following sub-steps were proposed for details of step 2:
	First focusing on the case where a same PUCCH time unit is configured for HP PUCCH and LP PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision between LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision between PUCCHe and PUSCHe of different priorities. 
· FFS: Which PUSCH is used for multiplexing.
· Note: R15 timeline is applied for multiplexing in Step 2.
· FFS for the case where different time units are configured for HP PUCCH and LP PUCCH (pursuing a unified solution).
· FFS: How to avoid HP HARQ-ACK dropping.


In our opinion, a unified solution should be supported regardless whether simultaneous PUCCH/PUSCH transmission is enabled or not. In addition, for a determined time unit for multiplexing, the sub-steps should be same regardless whether same PUCCH time unit is configured for HP PUCCH and LP PUCCH. Hence, the proposal can be updated as follow:
	For Rel-17 intra-UE multiplexing in a time unit, step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision between LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision between PUCCHs and PUSCHs of different priorities. 
· FFS: Which PUSCH is used for multiplexing.
· Note: R15 timeline is applied for multiplexing in Step 2.


Proposal 5: For Rel-17 intra-UE multiplexing in a time unit, step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision between LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision between PUCCHs and PUSCHs of different priorities. 
· FFS: Which PUSCH is used for multiplexing.
· Note: R15 timeline is applied for multiplexing in Step 2.
In case there are overlapping PUSCHs on a same serving cell, two schemes were discussed in the last meeting to avoid dropping LP HARQ-ACK:
· Alt. 1: prioritization between the overlapping PUSCHs on a same serving cell is handled before PUCCH/PUSCH multiplexing
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Alt. 2: prioritization between the overlapping PUSCHs on a same serving cell is handled after resolving overlapping PUCCHs and/or PUSCHs with the same priority
From the timeline perspective, if Rel-15 timeline is not satisfied for all overlapping channels, UE may not know whether a PUSCH would be cancelled by another PUSCH with different priority, then it is impossible for a UE to adopt Alt.1. As shown in Figure 2, LP CG PUSCH should be cancelled by HP DG PUSCH before LP HARQ-ACK multiplexing on LP PUSCH according to Alt.1, but UE does not know there is a HP DG PUSCH which would cancel LP CG PUSCH, it is impossible for a UE to implement Alt.1. If the Rel-15 timeline should be satisfied for all overlapping channels with different priority, gNB cannot schedule the HP DG PUSCH overlapping with LP CG PUSCH as shown in Figure 2, then the HP DG PUSCH latency would be increased. 


[bookmark: _Ref86841045]Figure 2: LP CG PUSCH cancelled by HP DG PUSCH
In our understanding, the latency of HP PUSCH should be ensured, HARQ-ACK retransmission schemes defined in HARQ-ACK enhancement agenda item can be used to retransmit the dropped LP HARQ-ACK. Hence, Alt.2 is preferred.
Proposal 6: Prioritization between the overlapping PUSCHs on a same serving cell is handled after resolving overlapping PUCCHs and/or PUSCHs with the same priority.
Avoid recursive pseudo-code
There was a proposal that avoid the recursive pseudo-code means not going back to step 1 after step 2, i.e. resultant UL channel in step 2 with one priority does not overlap with another UL channel with same priority, if these two UL channels are not overlapped after step 1. 
If a HP HARQ-ACK overlaps with a LP HARQ-ACK and then according to step 2, the LP HARQ-ACK and HP HARQ-ACK both multiplexed on a HP PUCCH resource. According to the proposal, does it means that the HP PUCCH resource for multiplexing should not be overlapping with another HP PUCCH/PUSCH?  As shown in Figure 3, multiplexing HP PUCCH-1 and LP PUCCH result in HP PUCCH-2, which overlaps with HP PUSCH. It is not clear whether this case should be avoided.



[bookmark: _Ref86934541]Figure 3: PUCCH for multiplexing HP HARQ-ACK and LP HARQ-ACK overlaps with HP PUSCH

Considering that multiplexing both HP HARQ-ACK and LP HARQ-ACK on a PUSCH was agreed, we did not see the reason to avoid this overlapping, the multiplexing is still between different priorities since LP HARQ-ACK is involved in the multiplexing, this does not mean going back to step 1. Hence, we do not support the proposal unless there is clear scenario should be avoided.
Observation 1: A resultant UL channel in step 2 with one priority overlap with another UL channel with same priority does not mean go back to step 1.
Detailed multiplexing schemes for UCI with different priorities
Multiplexing of HP HARQ-ACK and LP HARQ-ACK when total number of bits is more than 2
If the total number of HP HARQ-ACK and LP HARQ-ACK bits is more than 2, it was agreed that a PUCCH resource for HP HARQ-ACK can be used for multiplexing and separate coding is used. 
A remaining issue is that for separate coding on PUCCH, when HP HARQ-ACK or LP HARQ-ACK includes only 1 or 2 bits, whether padding to 3 bits and using RM coding or reuse repetition/simplex coding. Both repetition/simplex coding and padding to 3 bits are already supported in specification. Padding to 3 bits and using RM coding is supported for CSI part 2 on PUCCH when the number of CSI part 2 bits is less than 3, and repetition/simplex coding is supported for UCI on PUSCH when the number of UCI bits is less than 3. For repetition coding or simplex coding, placeholder bits are used and special scramble handling is applied for the placeholder bits to maintain the maximized Euclidean distance. The scrambling design for PUCCH in current specification does not take the placeholder bits into account. In order to avoid the modification of the scrambling design for PUCCH, padding to 3 bits and using RM coding is proposed for multiplexing of HP HARQ-ACK and LP HARQ-ACK on PUCCH when total number of bits is more than 2 and HP HARQ-ACK or LP HARQ-ACK includes only 1 or 2 bits.
Proposal 7: For multiplexing of HP HARQ-ACK and LP HARQ-ACK on PUCCH when total number of bits is more than 2, padding to 3 bits and using RM coding for HP HARQ-ACK or LP HARQ-ACK of 1 or 2 bits.
When the total number of HP HARQ-ACK and LP HARQ-ACK bits is more than 2, multiplexing on a PUCCH resource with PUCCH format 3 or PUCCH format 4 was agreed to be supported based on Rel-15 rules, but whether and how to multiplex on PUCCH format 2 is not clear. In Rel-15, more than one coding chain is not supported for UCI multiplexing on a PUCCH resource with PUCCH format 2, but separate coding is supported for HP HARQ-ACK and LP HARQ-ACK, to avoid the dropping of LP HARQ-ACK, multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH resource with PUCCH format 2 can be considered. The encoded HP HARQ-ACK and LP HARQ-ACK are cascaded and mapping to PUCCH REs in a frequency domain first and time domain second order.
Proposal 8: For separate coding of HP HARQ-ACK and LP HARQ-ACK when multiplexing on a PUCCH resource with PUCCH format 2, the encoded HP HARQ-ACK and LP HARQ-ACK are cascaded and mapping to PUCCH REs in increasing order of frequency domain followed by time domain.
For PUCCH resource determination, UE first selects a PUCCH resource set based on the total number of HP HARQ-ACK bits and LP HARQ-ACK bits to be transmitted. Then UE selects one PUCCH resource from the PUCCH resource set based on the PRI indication. For PUCCH formats 3, the UE should determine the number of RBs RBmin used in the transmission based on the UCI payload and configured maximum code rate. For multiplexing of HP HARQ-ACK and LP HARQ-ACK on a PUCCH resource with PUCCH format 3, it was agreed that the number of RBs used in the transmission is determined based on the following taking the code rates for both HP and LP UCI into account:
	· The number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 3 is determined as following:
· If  , the minimum number of RBs is determined as the number of , satisfying  and 
· Note:  is multiplied at both sides to avoid mismatch between gNB and UE due to floating point operation. Editor to capture as suggested.
· Otherwise, 
· Alt1: the number of RBs is . FFS: Whether/How LP HARQ-ACK is dropped.
· Alt2: the number of RBs is determined by HP ACK payload size. LP HARQ-ACK is fully dropped. 
· Other alternatives are not precluded.
· r_HP_UCI is maxCodeRate configured for HP bits and r_LP_UCI is maxCodeRate configured for LP bits in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· FFS whether more than one maxCodeRate can be configured for one priority.
· If   is not equal to [image: ] according to [4, TS 38.211],  is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 provided by the second PUCCH-Config [12, TS 38.331].
· HP coded bits and LP coded bits are not transmitted using the same RE(s)
· FFS for PUCCH format 2.



When  RBs cannot accommodate the total number of HP HARQ-ACK bits and LP HARQ-ACK bits, it is not clear whether LP HARQ-ACK is fully dropped and whether UE should re-determine the number of RBs based on HP HARQ-ACK payload size. Considering that the PUCCH resource set is determined based on the total number of HP HARQ-ACK bits and LP HARQ-ACK bits, gNB should allocate a PUCCH resource with enough RBs for multiplexing if gNB knows there are LP HARQ-ACKs to be multiplexing with HP HARQ-ACK. In addition, if dynamic indication of multiplexing is supported, gNB should not indicate multiplexing if  LP HARQ-ACKs cannot be transmitted by the PUCCH resource for multiplexing, then UE could determine the PUCCH resource based on the number of HP HARQ-ACK bits only. The similar way can be applied for PUCCH format 2 if multiplexing on PUCCH format 2 is supported.
Proposal 9:  It is not expected that  RBs cannot accommodate the total number of HP HARQ-ACK bits and LP HARQ-ACK bits if multiplexing between HP HARQ-ACK and LP HARQ-ACK is performed.

Multiplexing of HP SR and LP HARQ-ACK
Several options were proposed for the case of HP SR with PF0 overlaps with LP HARQ-ACK with PF0. 
	· Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: The UE does not transmit negative SR.
  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
  Opt.1d: with a power boost
· Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
· Opt.3: No enhancement over Rel-16.


For option 1, HP SR resource is used for multiplexing, this ensures that the PUCCH resource after the multiplexing would not go across multiple time units of multiplexing, which could reduce the complexity of multiplexing. 
For option 2 and 3, LP HARQ-ACK resource would be used for multiplexing, which would make the multiplexing more complicated as shown in Figure 4. If a positive HP SR is multiplexed on a LP HARQ-ACK resource, but the PUCCH resource for low priority HARQ-ACK overlaps with a HP HARQ-ACK in another sub-slot, then the three channels should be multiplexed together which makes the multiplexing more complicated. 


[bookmark: _Ref54345472]Figure 4: HP HARQ-ACK/SR is impacted if HP SR is multiplexed on PUCCH resource for LP HARQ-ACK

Similar as the case of HP SR with PF0 overlapping with LP HARQ-ACK with PF0, for the case of HP SR with PF0 overlapping with LP HARQ-ACK with PF1 or for HP SR with PF1 overlapping with LP HARQ-ACK with PF0/1, we prefer to multiplex positive SR and HARQ-ACK on SR resource. For negative SR, LP HARQ-ACK can be transmitted on PUCCH resource for LP HARQ-ACK. Then, a unified solution can be applied for the cases of overlapping between HP SR and LP HARQ-ACK with PF0/1.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 10: For multiplexing of HP SR and LP HARQ-ACK with PF0/1, 
· positive SR and HARQ-ACK are multiplexed on the SR resource;
· for negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
For the case of HP SR overlapping with LP HARQ-ACK with PF2/3/4, HARQ-ACK cannot be multiplex on HP SR resource without compression. In order to reduce the complexity, we prefer to drop LP HARQ-ACK for the positive SR, and transmit LP HARQ-ACK on PUCCH resource for LP HARQ-ACK for negative SR.
Proposal 11: For multiplexing of HP SR and LP HARQ-ACK with PF2/3/4, 
· for positive SR, drop LP HARQ-ACK;
· for negative SR, transmit only HARQ-ACK on the HARQ-ACK resource.

Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR
If there is a HP SR to be transmitted together with the HP HARQ-ACK and LP HARQ-ACK, the following options can be considered:
· Option 1: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 2/3/4 for HP HARQ-ACK
· Option 2: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 0/1 for HP HARQ-ACK
· Option 3: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to an additional configured PUCCH resource for multiplexing of UCI with different priorities.
Option 1 is the most intuitive and simple scheme. Separate coding cannot bring much benefit since there is only 1 bit for each of HP HARQ-ACK, LP HARQ-ACK and SR, padding to 3 bits or simplex/repetition coding is needed for separate coding of HP and LP UCI even if we combine SR with one of HP HARQ-ACK or LP HARQ-ACK, it is complicated and may reduce the transmission efficiency. Joint coding can be used in this case to reduce the specification impact.
For option 2, the multiplexing scheme for 2 bits HP HARQ-ACK and 1 bit HP SR can be reused by treating 1 bit LP HARQ-ACK as 1 bit HP HARQ-ACK. But an issue for this option is that there may be misunderstandings between gNB and UE if the DCI corresponding to LP HARQ-ACK is missed by the UE. For example, UE will transmit HP HARQ-ACK and positive SR using sequence cyclic shifts 3/9 when DCI corresponding to LP HARQ-ACK is missed by the UE, and gNB may consider UE receives the DCI corresponding to LP HARQ-ACK and the SR is negative.
For option 3, additional PUCCH resource should be configured for multiplexing UCIs with different priorities. UE can multiplex both HARQ-ACKs and 1 bit HP SR on the additional PUCCH resource if DCI corresponding to LP HARQ-ACK is detected by the UE, the drawback of this option is that additional PUCCH resource is needed.
Compare the three options, option 1 is slightly preferred.
Proposal 12: For multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bits HP SR, multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 2/3/4 for HP HARQ-ACK is supported.

Impact of missing DCIs corresponding to LP HARQ-ACK
If DCI(s) corresponding to LP HARQ-ACK codebook are missed at UE side, the transmission of the HP HARQ-ACK codebook would be impacted. The following options can be considered to resolve the issue:
· Option 1: Define a reference number of bits for LP HARQ-ACK codebook
· Option 2: Indicate whether LP HARQ-ACK is multiplexed with HP HARQ-ACK or indicate T-DAI for LP HARQ-ACK by DCI corresponding to HP HARQ-ACK
For option 1, a reference number of bits for LP HARQ-ACK codebook is determined, which can be different from the actual number of bits of LP HARQ-ACK codebook. For example, the reference number of bits for LP HARQ-ACK codebook can be predetermined or configured by RRC, or implicitly determined by the number of bits for HP HARQ-ACK codebook. UE always transmits the LP HARQ-ACK based on the reference number of bits. Additional bit(s) are appended to the LP HARQ-ACK when the original LP HARQ-ACK codebook size is smaller than the reference number of bits, and LP HARQ-ACK bits are partially dropped when the original LP HARQ-ACK codebook size is larger than the reference number of bits.
For option 2, additional DCI field can be added in DCI for HP HARQ-ACK. But it cannot be applied for semi-static HP PUCCH, this could be resolved by gNB implementation, for example, gNB can avoid scheduling a dynamic LP PUCCH overlaps with a semi-static HP PUCCH, then gNB and UE can always have the same understanding on the multiplexing result.
Proposal 13: The following two options can be considered to avoid the impact on HP HARQ-ACK(s) due to missing DCIs corresponding to LP HARQ-ACK codebook.
· Option 1: Define a reference number of bits for LP HARQ-ACK codebook
· Option 2: Indicate information for determine the number of LP HARQ-ACK bits by DCI corresponding to HP HARQ-ACK
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Multiplexing of UCI and PUSCH with different priorities
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For UCI multiplexing on PUSCH, it was agreed to support 0< beta-offset <1 for multiplexing LP HARQ-ACK in a HP PUSCH. To support a mechanism for gNB to enable/disable the multiplexing, beta-offset=0 can be considered. For example, when URLLC PUSCH collides with PUCCH carrying eMBB UCI and the PUSCH resource is limited, the gNB may indicate that the eMBB UCI is dropped. Compared with semi-static configuration, dynamically indicating whether UCI is transmitted on PUSCH is preferable to provide more scheduling flexibility at gNB side. For type-2 configured grant PUSCH, such dynamic indication can be considered in the activation DCI. For type-1 configured grant PUSCH, only semi-static configuration or predefined rule can be used. 
Proposal 14: A value of zero for beta-offset in a DCI can be used to dynamically indicate that LP UCI is not multiplexed on the HP PUSCH scheduled by the DCI.
In Rel-15, UL DAI in a UL DCI is used to indicate the number of HARQ-ACK bits multiplexed on a PUSCH scheduled by the DCI. To support multiplexing between PUCCH and PUSCH with different priorities, an additional UL DAI bit field can be considered to be added in the UL DCI. Then, one UL DAI bit field is used for indicating information for multiplexing between PUCCH and PUSCH with same priority and the other UL DAI bit field is used for indicating information for multiplexing PUCCH and PUSCH with different priorities.
Proposal 15: An additional UL DAI bit field can be considered to be added in the UL DCI for multiplexing PUCCH and PUSCH with different priorities.
For overlapping between PUCCH and multiple PUSCHs with different priorities, how to choose the PUSCH for multiplexing needs to be considered. To reduce the impact to HP PUCCH or HP PUSCH, it is preferred that UE first selects a PUSCH which has the same priority with the PUCCH resource. If there is no PUSCH with same priority overlaps with the PUCCH, then UCI can be multiplexed on a PUSCH with a different priority when supported.
Proposal 16: For overlapping between PUCCH and multiple PUSCHs with different priorities, it is proposed that UCI of PUCCH is multiplexed on a PUSCH with a different priority only when there is no PUSCH with same priority overlaps with the PUCCH.
For multiplexing of HP HARQ-ACK and LP HARQ-ACK on PUSCH, separate coding was agreed for the two HARQ-ACKs. Then there are at most four separate coded UCIs in Rel-17, i.e. HP HARQ-ACK, LP HARQ-ACK, CSI Part 1 and CSI part 2, In order to maintain the number of encoding chains as in Rel-15/16, separated coded UCI with 3 encoders should be considered in Rel-17. 
For multiplexing HP HARQ-ACK, LP HARQ-ACK, and HP CSI in one PUSCH (A-CSI or SP-CSI triggered by a UL grant with priority indication field), since the priority of HP CSI is higher than LP HARQ-ACK, LP HARQ-ACK can be dropped in case the HP CSI include two parts, then the HP HARQ-ACK and HP CSI can be multiplexed on PUSCH by reusing Rel-15/16 rules. LP HARQ-ACK can be multiplexed on PUSCH in case HP CSI includes only part 1, then the total number of encoding chains would not exceed 3.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 17: For multiplexing HP HARQ-ACK, LP HARQ-ACK and HP A/SP-CSI on PUSCH, LP HARQ-ACK can be dropped in case the HP A/SP-CSI includes two parts.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For multiplexing HP HARQ-ACK, LP HARQ-ACK, and LP CSI in one PUSCH, the following options can be considered to fulfill the requirement on the total number of encoding chains:
· Option 1: Dropping entire CSI (including both part 1 and part2, if exist)
· Option 2: Dropping CSI part 2 only
· Option 3: Joint coding of LP HARQ-ACK and LP CSI part 1, no CSI is dropped
For option 1, CSI is always dropped hence gNB cannot get channel information timely and the PDSCH performance is impacted. Considering that the resource for PUSCH is determined by gNB, it is possible to allocate enough PUSCH resource for CSI multiplexing, hence always dropping the entire CSI is not necessary.
For option 2, dropping CSI part 2 only could maintain the 3 encoding chains for UCI on PUSCH and reduce the impact to PDSCH performance, and it is a unified solution for CSI with/without CSI part 2. A UE always multiplexes HP HARQ-ACK, LP HARQ-ACK and LP CSI part 1 on PUSCH without considering whether LP CSI part 2 exists.
For option 3, new joint coding scheme is needed for UCI multiplexing on PUSCH, since the HARQ-ACK, CSI part 1 and CSI part 2 are all separately encoded on PUSCH in Rel-15/Rel-16, how to determine the coding rate for LP HARQ-ACK and LP CSI part 2 should be defined.
Hence, we recommend to only drop CSI part 2 for multiplexing HP HARQ-ACK, LP HARQ-ACK, and LP CSI in one PUSCH.
Proposal 18: For multiplexing HP HARQ-ACK, LP HARQ-ACK and LP CSI on PUSCH, it is proposed to drop CSI part 2 if exists.
Simultaneous PUCCH/PUSCH transmission 
It was agreed that simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells for inter-band CA is supported. The feature can be RRC configured within the same PUCCH group. We do not see the benefit of dynamic indication of simultaneous PUCCH/PUSCH transmission, hence it should not be supported.
Proposal 19: Dynamic indication of simultaneous PUCCH/PUSCH transmission is not supported.
For simultaneous PUCCH/PUSCH transmission of same PHY priority, it may not require much extra work to support it. And it may be beneficial for some special cases where UCI may be dropped according to current rules. For example, simultaneous SR and PUSCH can be supported, or when PUSCH resource is limited, simultaneous PUCCH and PUSCH would reduce the impact on the data performance. Hence, we support simultaneous PUCCH/PUSCH transmission of same PHY priority over different cells for inter-band CA.
Proposal 20: Simultaneous PUCCH/PUSCH transmission of same PHY priority over different cells for inter-band CA can be supported.
[bookmark: OLE_LINK9][bookmark: OLE_LINK12]For simultaneous PUCCH/PUSCH transmission of intra-band CA, it was supported in LTE. In addition, we do not see much difference between simultaneous PUSCH transmissions over different cells and simultaneous PUCCH/PUSCH transmissions over different cells. Hence, we support simultaneous PUCCH/PUSCH transmission for intra-band CA.
Proposal 21: Simultaneous PUCCH/PUSCH transmission for intra-band CA can be supported.
For power headroom reporting, whether introduce a type-2 PHR for PUCCH was discussed in last meeting with no consensus. In our understanding, although simultaneous PUCCH and PUSCH transmission on a same cell is not supported, reporting PH for PUCCH transmission cell is beneficial from the perspective of gNB scheduling, since gNB could not know the power headroom of the total transmission power on all cells if PHR for PUCCH is not supported. Two schemes were proposed to be considered in the last meeting:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Option 1: reuse LTE type 2 PHR with a virtual/reference PUSCH for PUCCH PHR on a cell
· Option 2: define a type 4 PHR for PUCCH PHR on a cell
To avoid a new PHR type, we prefer to adopt option 1, reuse LTE type 2 PHR with a virtual/reference PUSCH for PUCCH PHR on a cell.
Proposal 22: For simultaneous PUCCH and PUSCH transmission on different carriers, LTE type 2 PHR with a virtual/reference PUSCH for PUCCH PHR on a cell can be reused.
For interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission, it is not preferred to change the processing order of Rel-17 intra-UE multiplexing based on whether simultaneous PUCCH/PUSCH transmission is supported. For simplicity, simultaneous PUCCH/PUSCH transmission can be considered during the procedure to resolve the overlapping between PUCCH and PUSCHs, that is, if the overlapping PUCCH and PUSCH can be transmitted simultaneously, then multiplexing or dropping is not performed, otherwise, multiplexing or dropping should be performed.
Proposal 23: For interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission, simultaneous PUCCH/PUSCH transmission can be considered during the procedure to resolve the overlapping between PUCCH and PUSCHs.
Conclusion
In this contribution, we discuss possible enhancements for intra-UE multiplexing and prioritization and give the following observation and proposals.
[bookmark: _Ref64636111]Observation 1: A resultant UL channel in step 2 with one priority overlap with another UL channel with same priority does not mean go back to step 1.
Proposal 1: The time unit of high priority PUCCH is used as the time unit for multiplexing.
Proposal 2: For a low priority PUCCH which goes across multiple time units for multiplexing, the low priority PUCCH joins the multiplexing procedure in each of the overlapping time units for multiplexing from the first overlapping time unit, unless the low priority PUCCH is determined to be dropped or multiplexed with other channels.
Proposal 3: Rel-15 multiplexing timeline is reused for overlapping PUCCHs and/or PUSCHs with the same priority and overlapping PUCCHs and/or PUSCHs with different priorities when multiplexing would be applied.
[bookmark: _GoBack]Proposal 4: DCI-based enabling/disabling of Rel-17 intra-UE multiplexing is supported. If Rel-17 intra-UE multiplexing is enabled by RRC, 
· For multiplexing between PUCCHs with different priorities, 
· Enable/disable of LP HARQ-ACK multiplexed in a HP PUCCH with corresponding DCI is indicated in the DCI associated with HP PUCCH;
· LP HARQ-ACK multiplexing in a HP PUCCH without corresponding DCI is always enabled;
· For multiplexing between PUCCH and PUSCH with different priorities, 
· Enable/disable of multiplexing between PUCCH and PUSCH with corresponding DCI is indicated in the scheduling DCI corresponding to the PUSCH;
· multiplexing HP UCI on a LP PUSCH scheduled by fallback DCI or on LP CG PUSCH is always disabled;
· multiplexing LP UCI on HP CG PUSCH is always enabled.
Proposal 5: For Rel-17 intra-UE multiplexing in a time unit, step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision between LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision between PUCCHs and PUSCHs of different priorities. 
· FFS: Which PUSCH is used for multiplexing.
· Note: R15 timeline is applied for multiplexing in Step 2.
Proposal 6: Prioritization between the overlapping PUSCHs on a same serving cell is handled after resolving overlapping PUCCHs and/or PUSCHs with the same priority.
Proposal 7: For multiplexing of HP HARQ-ACK and LP HARQ-ACK on PUCCH when total number of bits is more than 2, padding to 3 bits and using RM coding for HP HARQ-ACK or LP HARQ-ACK of 1 or 2 bits.
Proposal 8: For separate coding of HP HARQ-ACK and LP HARQ-ACK when multiplexing on a PUCCH resource with PUCCH format 2, the encoded HP HARQ-ACK and LP HARQ-ACK are cascaded and mapping to PUCCH REs in increasing order of frequency domain followed by time domain.
Proposal 9:  It is not expected that  RBs cannot accommodate the total number of HP HARQ-ACK bits and LP HARQ-ACK bits if multiplexing between HP HARQ-ACK and LP HARQ-ACK is performed.
Proposal 10: For multiplexing of HP SR and LP HARQ-ACK with PF0/1, 
· positive SR and HARQ-ACK are multiplexed on the SR resource;
· for negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
Proposal 11: For multiplexing of HP SR and LP HARQ-ACK with PF2/3/4, 
· for positive SR, drop LP HARQ-ACK;
· for negative SR, transmit only HARQ-ACK on the HARQ-ACK resource.
Proposal 12: For multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bits HP SR, multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 2/3/4 for HP HARQ-ACK is supported.
Proposal 13: The following two options can be considered to avoid the impact on HP HARQ-ACK(s) due to missing DCIs corresponding to LP HARQ-ACK codebook.
· Option 1: Define a reference number of bits for LP HARQ-ACK codebook
· Option 2: Indicate information for determine the number of LP HARQ-ACK bits by DCI corresponding to HP HARQ-ACK
Proposal 14: A value of zero for beta-offset in a DCI can be used to dynamically indicate that LP UCI is not multiplexed on the HP PUSCH scheduled by the DCI.
Proposal 15: An additional UL DAI bit field can be considered to be added in the UL DCI for multiplexing PUCCH and PUSCH with different priorities.
Proposal 16: For overlapping between PUCCH and multiple PUSCHs with different priorities, it is proposed that UCI of PUCCH is multiplexed on a PUSCH with a different priority only when there is no PUSCH with same priority overlaps with the PUCCH.
Proposal 17: For multiplexing HP HARQ-ACK, LP HARQ-ACK and HP A/SP-CSI on PUSCH, LP HARQ-ACK can be dropped in case the HP A/SP-CSI includes two parts.
Proposal 18: For multiplexing HP HARQ-ACK, LP HARQ-ACK and LP CSI on PUSCH, it is proposed to drop CSI part 2 if exists.
Proposal 19: Dynamic indication of simultaneous PUCCH/PUSCH transmission is not supported.
Proposal 20: Simultaneous PUCCH/PUSCH transmission of same PHY priority over different cells for inter-band CA can be supported.
Proposal 21: Simultaneous PUCCH/PUSCH transmission for intra-band CA can be supported.
Proposal 22: For simultaneous PUCCH and PUSCH transmission on different carriers, LTE type 2 PHR with a virtual/reference PUSCH for PUCCH PHR on a cell can be reused.
Proposal 23: For interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission, simultaneous PUCCH/PUSCH transmission can be considered during the procedure to resolve the overlapping between PUCCH and PUSCHs.
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