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[bookmark: _Ref521334010]Introduction
At the RAN1#107-e meeting, intra-UE multiplexing and prioritization were discussed and the following agreements and conclusions were reached [1].
Agreement
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 

Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmission of same priority over different cells in Rel-17.

Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA in Rel-17.

Agreement
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support both of the following UE capabilities to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2:
· Capability #1: It is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels [FFS the overlapping channels are resultant channels after step 1]. UE performs multiplexing or dropping of PUCCHs and/or PUSCHs with different priorities according to Rel-17 rules.
· Dynamic enabling/disabling multiplexing for different priorities is not supported for Capability #1
· (Working assumption) Capability #3: Rel-17 multiplexing for different priorities is dynamically enabled/disabled in step 2. 
· Dynamic indication of enabling/disabling multiplexing for different priorities can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
· If dynamic multiplexing for different priorities is indicated as enabled for a PUCCH / PUSCH, the UE performs Rel-17 multiplexing operation using the Rel-15 timeline 
· The gNB is responsible to ensure that all the DCIs associated with all overlapping channels involved in multiplexing in step 2 meet the Rel-15 timeline for multiplexing.
· If dynamic multiplexing for different priorities is indicated as disabled for a PUCCH / PUSCH, the UE does not apply the Rel-17 intra-UE multiplexing
· If the UL channel associated with the DCI disabling multiplexing collides with another UL channel of a different priority, UE performs R16 PHY prioritization, using Rel-16 timeline. The gNB is responsible to ensure that the UE meets R16 PHY prioritization timeline. 
· If the UL channel associated with the DCI disabling multiplexing does not collide with another UL channel of a different priority, UE transmits the UL channel as is. 
· FFS: whether the UL channel associated with the DCI disabling multiplexing can collide with another UL channel of a same priority.
· UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels after the Rel-15 multiplexing deadline has passed
· FFS: UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels without any associated DCIs
· Note: demultiplexing of two previously multiplexed channels means decoupling two channels already multiplexed, dropping one channel, and multiplexing the other channel with another channel(s).
The above behaviors of Capability#3 at least apply to resolving collision of two UL channels resulting from Step 1 with different priorities. FFS: more than two UL channels.
· FFS whether dynamic indication in multiple DCIs associated with a group of overlapping channels have to be consistent
· FFS: Configuration of prioritization / multiplexing of channels without dynamic indication
· Note: Capability 3 procedure is a super-set of Capability 1 procedure
· FFS: Time unit to apply Rel-15 timeline (e.g. slot based, sub-slot based)
· FFS: The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing consideration
Note: “collision” refers to overlapping PUCCHs, overlapping PUCCH and PUSCH (excluding PUSCH supporting simultaneous transmission with PUCCH), overlapping PUSCHs on a same cell.
Note: “Rel-15 multiplexing timeline” means Rel15 timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
Note: “Rel-16 prioritization timeline” means Rel-16 cancellation timeline calculation in Rel-16 spec, including all the formula and all the values for the variables

Agreement
For collision of LP DG-PUSCH and HP CG-PUSCH of different priorities, the cancellation is applied per actual repetition, if LP DG-PUSCH and/or HP CG-PUSCH is repeated.

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

Agreement
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.
· (Working assumption) d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.

Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs, if  
· The number of RBs is . Then follow Rel-15 procedure, i.e., LP HARQ-ACK is mapped to the rest REs after HP HARQ-ACK.

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· At least for PUCCH format 3/4, use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation
· For PUCCH format 1, use the total UCI bit number for ∆TF,b,f,c(i) calculation.
· FFS for PUCCH format 2.

Agreement
For collision of HP DG-PUSCH and LP CG-PUSCH, the cancellation is applied per actual repetition, if HP DG-PUSCH and/or LP CG-PUSCH is repeated.

In RAN#94-e, it was further agreed to focus on the discussions on Capability#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]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 whether a resultant PUCCH with HP and LP UCI in step 2 is allowed to be overlapped with another HP PUCCH or PUSCH as illustrated in Figure 1. In step 2, the HP UCI and LP UCI are multiplexed in HP PUCCH-2 resource which overlaps with HP PUSCH or HP PUCCH which does not overlap with HP PUCCH-1.


[bookmark: _Ref92381278]Figure 1: PUCCH for multiplexing HP HARQ-ACK and LP HARQ-ACK overlaps with HP PUSCH
For a resultant PUCCH with HP and LP UCI in step 2, the following alternatives were discussed in last meeting [2]:
· Alt. 1: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUSCH.
· Alt. 2: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH.
· Alt. 3: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH or a HP PUSCH.
· Alt. 4: the resultant PUCCH with HP and LP UCI in step 2 overlapping with a HP PUCCH or a HP PUSCH is allowed.
Considering that rules should be defined for all the combinations of more than 2 overlapping UCI with different priorities/types, such as a PUCCH with LP HARQ-ACK+LP CSI+LP SR overlaps with a PUCCH with HP HARQ-ACK + HP SR, it is not complicated to support a resultant PUCCH with HP and LP UCI in step 2 to be overlapped with a HP PUCCH, since no more rules are needed. Hence, Alt.4 with best scheduling flexibility should be supported.
In addition, 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. The following alternatives were discussed in last meeting [2]:
· Alt. 1: the time unit for multiplexing is a slot.
· Alt. 2: the time unit configured for HP PUCCH is used as the time unit for multiplexing. If a LP PUCCH overlaps with multiple HP PUCCHs in different time units,
· Option 1: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP PUCCH(s).
· Option 2: the LP PUCCH joins the multiplexing procedure in each of the overlapping time units from the first time unit with overlapping HP PUCCH(s) until the LP PUCCH is determined to be dropped or multiplexed with other channels.
· Option 3: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP HARQ-ACK. If the LP PUCCH does not overlap with any HP HARQ-ACK, the first time unit with overlapping HP PUCCH(s) is selected.
There are two relevant cases which may impact the selection of the alternatives as shown in Figure 2. 


[bookmark: _Ref87448598]Figure 2: time unit for multiplexing of HP and LP PUCCHs with different time units
Assuming that Rel-15 pseudo code for multiplexing PUCCHs with same priority is reused for multiplexing PUCCHs with different priorities, for Case 1, if Alt. 1 is adopted, a single resource needs to be determined for multiplexing HP HARQ-ACK in both sub-slots and LP HARQ-ACK. While for Alt. 2, a single resource needs to be determined for multiplexing HP HARQ-ACK in sub-slot #1 and LP HARQ-ACK only.
For Case 2, no additional rule needs to be defined for Alt. 1. But for Alt. 2, it needs to be determined in which time unit(s) the LP PUCCH should join the multiplexing procedure. The outcome can be different for different options. For example, if LP PUCCH can be multiplexed in HP SR according to Rel-17 rules, the LP HARQ-ACK would be multiplexed in sub-slot #1 for option 1 and option 2 but the LP HARQ-ACK would NOT be multiplexed in sub-slot #1 for option 3. Otherwise if the outcome of multiplexing HP SR and LP HARQ-ACK according to Rel-17 rule is that LP PUCCH remains e.g. for negative SR, the UE behavior is not clear on how to handle the case for option 1. For option 2 and option 3, LP HARQ-ACK is expected to be multiplexed in sub-slot #2.
Considering the option 2 of Alt.2 works well in both case 1 and case 2 and has short latency, option 2 is preferred.
[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:
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority;
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities.
For step 2, it was agreed that Rel-15 multiplexing timeline is met for all overlapping channels. However, it is not clear whether the overlapping channels are resultant channels after step 1. An example is shown in Figure 3. Since UE would resolve collision of PUCCHs and/or PUSCHs with same priority first, LP HARQ-ACK would multiplex on LP PUSCH, then the resultant channel after step 1 does not overlap with HP HARQ-ACK anymore, if we define the overlapping channels are initial channels before step 1, it would introduce more limitation on HP channel scheduling. Hence, we prefer that the Rel-15 multiplexing timeline should be satisfied for overlapping PUCCHs and/or PUSCHs with the different priorities which are resultant channels after step 1.


[bookmark: _Ref87440555]Figure 3: Example of multiplexing scenario in Rel-17
Proposal 3: Rel-15 multiplexing timeline should be satisfied for overlapping PUCCHs and/or PUSCHs with the different priorities which are resultant channels after step 1.
Overlapping resolution order of PUCCHs and/or PUSCHs with different priorities
For multiplexing of PUCCH and PUSCHs with different priorities in step 2, if there are multiple candidate PUSCHs for UCI multiplexing, the following rules were discussed to select a PUSCH for UCI multiplexing:
· Alt. 1: Rel-15/16 rule is reused for PUSCH selection.
· Alt. 2: additional factors are taken into account for PUSCH selection in addition to the factors considered in Rel-15/16:
· Alt. 2-1: priority index of PUSCH
· Alt. 2-2: whether the PUSCH is with or without UCI after step 1
· Alt. 2-3: ending symbol of the PUSCH
· Alt. 2-4: whether the PUSCH would be cancelled, e.g. due to collision with semi-static DL symbol(s), prioritization of PUSCHs on the same serving cell, cancellation by CI etc.
· Alt. 2-5: others
It has been agreed to support UCI with different priorities multiplexing on a PUSCH, hence reusing Rel-15/16 procedure for PUSCH selection is the most intuitive way. To minimize specification impact, Alt.1 should be adopted.
Proposal 4: For multiplexing of PUCCH and PUSCHs with different priorities in step 2, if there are multiple candidate PUSCHs for UCI multiplexing, Rel-15/16 rule is reused for PUSCH selection.

In case there are overlapping PUSCHs with different priorities on a same serving cell, it was proposed to handle the collision before step 1 to avoid the case if LP HARQ-ACK is multiplexed in a LP PUSCH and then the LP PUSCH is cancelled by a HP PUSCH on the same serving cell. However, the following were agreed for Rel-16 intra-UE multiplexing/prioritization. 
	Conclusion
In the Rel-16 multiplexing/prioritization procedures described in TS 38.213 section 9, the UE is expected to apply the procedures to the PUSCH(s) for which a transport block is delivered by MAC, while the PUSCH(s) for which a transport block is not delivered is ignored.



Following the same principle as in Rel-16, the following could be considered in Rel-17:
When UE perform UCI multiplexing on PUSCH, UE only consider PUSCH(s) for which a transport block is delivered by MAC, the PUSCH(s) for which a transport block is not delivered is ignored. Then, dropping LP HARQ-ACK can be avoided in most cases. This option also aligns with the principle that the overlapping of same priority should be resolved first and then the overlapping of different priorities is resolved. As shown in Figure 4, if only PDU for LP CG PUSCH is delivered by MAC, then LP HARQ-ACK would multiplex on LP CG PUSCH; if only PDU for HP DG PUSCH is delivered by MAC, then LP HARQ-ACK is transmitted on PUCCH; if PDU for both LP CG PUSCH and HP DG PUSCH are delivered by MAC, then LP HARQ-ACK would multiplex on LP CG PUSCH and be dropped in step 2.


[bookmark: _Ref86841045]Figure 4: LP CG PUSCH cancelled by HP DG PUSCH
Proposal 5: When UE perform UCI multiplexing on PUSCH in Rel-17, UE only consider PUSCH(s) for which a transport block is delivered by MAC, the PUSCH(s) for which a transport block is not delivered is ignored.
Rel-17 PUCCH multiplexing procedure
As discussed in section 2.1, the resultant PUCCH with HP and LP UCI in step 2 overlapping with a HP PUCCH or a HP PUSCH is allowed, and then the detailed Rel-17 PUCCH multiplexing procedure in step 2 should be discussed. For collision handling procedure of HP PUCCHs and LP PUCCHs, Rel-16 PUCCH multiplexing procedure can be reused as a baseline. That is, all the PUCCHs within a time unit (slot in Rel-15 and slot or sub-slot in Rel-16) is put into a set Q and PUCCH multiplexing is performed according to the pseudo code as defined in TS38.213 clause 9.2.5. A single resource is determined for multiplexing UCI associated with resources [image: ]. For determining a single resource for multiplexing UCI associated with resources [image: ], Rel-17 rules should be followed. In addition, it needs to be considered that not all HP and LP UCI combinations can be multiplexed in Rel-17, e.g. LP CSI and HP HARQ-ACK. It seems reasonable to drop the LP UCI(s) that are overlapped with HP PUCCH and not eligible for multiplexing on a HP PUCCH before multiplexing.
The overall procedure is elaborated assuming the overlapping HP and LP PUCCHs after step 1 as illustrated in Figure 5. According to the procedure defined in Rel-16, the multiplexing of HP SR and LP PUCCH is performed first since HP SR starts earliest. Given that LP CSI is not eligible for multiplexing on a HP PUCCH, LP CSI is first dropped and then HP SR and LP A/N are multiplexed. If they are multiplexed in HP SR resource or a LP PUCCH resource which does not overlap with HP HARQ-ACK, the PUCCH multiplexing procedure is done. Otherwise if they are multiplexed in a LP PUCCH resource overlapping with HP HARQ-ACK, multiplexing of LP PUCCH and HP HARQ-ACK is performed. 


[bookmark: _Ref87448134]Figure 5: Example for procedure of collision handling of PUCCHs with different priorities
Proposal 6: For multiplexing of overlapping HP PUCCHs and LP PUCCHs within a time unit, reuse PUCCH multiplexing procedure as defined in Rel-16 TS38.213 clause 9.2.5 and determine a single resource for multiplexing UCI associated with resources [image: ] according to Rel-17 rules.
· For determining a single resource for multiplexing UCI associated with resources [image: ], LP UCI(s) that are overlapped with HP PUCCH and not eligible for multiplexing on a HP PUCCH are dropped before multiplexing.

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 was discussed without conclusion because more than one coding chain is not supported for UCI multiplexing on a PUCCH resource with PUCCH format 2 in Rel-15 and Rel-16. It is important to support multiplexing of UCIs with different priorities on PF2 since it is the only short PUCCH format which supports more than 2 UCI bits. Therefore, the following compromised options are proposed to support multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH resource with PUCCH format 2:
· Option 1: HP HARQ-ACK and LP HARQ-ACK are multiplexed on PUCCH format 2 with separate coding subject to UE capability
· [bookmark: OLE_LINK9][bookmark: OLE_LINK12]Option 2: HP HARQ-ACK and LP HARQ-ACK are multiplexed on PUCCH format 2 with joint coding
For option 1, two coding chains are used for PUCCH format 2, the encoded HP HARQ-ACK and LP HARQ-ACK can be cascaded and mapping to PUCCH REs in a frequency domain first and time domain second order for simplicity. In addition, considering the impact on UE implementation to support more than one coding chain on PF2, a separate UE capability can be introduced. For option 2, only one coding chain is needed for PF2 as in Rel-15 and Rel-16 so as to avoid/minimize the impact on the UE implementation. We slightly prefer option 2 to avoid introducing new UE capability and simplify the network and UE implementation.
Proposal 8: For HP HARQ-ACK and LP HARQ-ACK multiplexing on a PUCCH resource with PUCCH format 2, HP HARQ-ACK and LP HARQ-ACK are jointly coded.

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 6. 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 6: 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 9: 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 10: 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 11: 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 12: 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. Although dynamically enable/disable the multiplexing is not supported, beta-offset=0 can be considered to provide more scheduling flexibility at gNB side without additional efforts. 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. For type-2 configured grant PUSCH, such 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 13: A value of zero for beta-offset in a DCI can be used to indicate that LP UCI is not multiplexed on the HP PUSCH scheduled by the DCI.
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 including two parts in one PUSCH with UL-SCH (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, then the HP HARQ-ACK and HP CSI can be multiplexed on PUSCH by reusing Rel-15/16 rules.
For multiplexing HP HARQ-ACK, LP HARQ-ACK, and HP/LP CSI including one part in one PUSCH with UL-SCH, the total number of encoding chains does not exceed 3, hence no dropping is needed. R15 HARQ-ACK rate matching/puncturing and RE mapping can be reused for HP HARQ-ACK, R15 CSI part 1 rate matching and RE mapping can be reused for LP HARQ-ACK, R15 CSI part 2 rate matching and RE mapping can be reused for HP/LP CSI.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 14: For multiplexing HP HARQ-ACK, LP HARQ-ACK and HP A/SP-CSI on PUSCH with UL-SCH, LP HARQ-ACK can be dropped in case the HP A/SP-CSI includes two parts.
Proposal 15: For multiplexing HP HARQ-ACK, LP HARQ-ACK and HP/LP CSI including one part on PUSCH with UL-SCH,
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP/LP CSI.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]For multiplexing HP HARQ-ACK or LP HARQ-ACK, and HP/LP CSI (if any) in one PUSCH with UL-SCH, how to mapping UCI on PUSCH should be considered:
· Option 1: Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK or LP HARQ-ACK, reuse R15 CSI rate matching and RE mapping for HP/LP CSI
· Option 2: Apply the same mapping rule with the case when there are both HP HARQ-ACK and LP HARQ-ACK multiplex on PUSCH
For option 1, dropping CSI can be avoided, and LP HARQ-ACK with 1~2 bits would puncture UL-SCH which can reduce the impact to HP PUSCH when the DCI corresponding to LP HARQ-ACK is missed by UE. 
For option 2, HP HARQ-ACK always reuse R15 HARQ-ACK rate matching/puncturing and RE mapping; if there is HP CSI would be multiplex on PUSCH, LP HARQ-ACK is dropped, HP CSI reuse R15 CSI rate matching and RE mapping; if there is no HP CSI would be multiplex on PUSCH, LP HARQ-ACK reuse R15 CSI part 1 rate matching and RE mapping, LP CSI part 1 reuse R15 CSI part 2 rate matching and RE mapping, LP CSI part 2 is dropped.
Compare the two options, option 1 could reduce the possibility of dropping CSI part 2 or LP HARQ-ACK. No benefit is provided by option 2. Hence, option 1 is preferred in this case.
Proposal 16: For multiplexing HP HARQ-ACK or LP HARQ-ACK, and HP/LP CSI (if any) on PUSCH with UL-SCH,
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK or LP HARQ-ACK.
· Reuse R15 CSI part 1 rate matching and RE mapping for HP/LP CSI part 1.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP/LP CSI part 2.
For multiplexing any combination of HP HARQ-ACK, LP HARQ-ACK, and HP/LP CSI on PUSCH without UL-SCH, the same UCI mapping rule as multiplexing in PUSCH with UL-SCH can be reused for simplicity. Otherwise, more discussion is needed to determine whether UCI could reuse the coding chain for UL-SCH.
Proposal 17: For multiplexing any combination of HP HARQ-ACK, LP HARQ-ACK, and HP/LP CSI on PUSCH without UL-SCH, reuses the same UCI mapping rule as multiplexing in PUSCH with UL-SCH.
Simultaneous PUCCH/PUSCH transmission 
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 with different priorities, 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 18: 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 with different priorities.
Conclusion
In this contribution, we discuss remaining issues for intra-UE multiplexing and prioritization and give the following proposals.
[bookmark: _Ref64636111]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.
[bookmark: _GoBack]Proposal 3: Rel-15 multiplexing timeline should be satisfied for overlapping PUCCHs and/or PUSCHs with the different priorities which are resultant channels after step 1.
Proposal 4: For multiplexing of PUCCH and PUSCHs with different priorities in step 2, if there are multiple candidate PUSCHs for UCI multiplexing, Rel-15/16 rule is reused for PUSCH selection.
Proposal 5: When UE perform UCI multiplexing on PUSCH in Rel-17, UE only consider PUSCH(s) for which a transport block is delivered by MAC, the PUSCH(s) for which a transport block is not delivered is ignored.
Proposal 6: For multiplexing of overlapping HP PUCCHs and LP PUCCHs within a time unit, reuse PUCCH multiplexing procedure as defined in Rel-16 TS38.213 clause 9.2.5 and determine a single resource for multiplexing UCI associated with resources [image: ] according to Rel-17 rules.
· For determining a single resource for multiplexing UCI associated with resources [image: ], LP UCI(s) that are overlapped with HP PUCCH and not eligible for multiplexing on a HP PUCCH are dropped before multiplexing.
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 HP HARQ-ACK and LP HARQ-ACK multiplexing on a PUCCH resource with PUCCH format 2, HP HARQ-ACK and LP HARQ-ACK are jointly coded.
Proposal 9: 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 10: 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 11: 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 12: 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 13: A value of zero for beta-offset in a DCI can be used to indicate that LP UCI is not multiplexed on the HP PUSCH scheduled by the DCI.
Proposal 14: For multiplexing HP HARQ-ACK, LP HARQ-ACK and HP A/SP-CSI on PUSCH with UL-SCH, LP HARQ-ACK can be dropped in case the HP A/SP-CSI includes two parts.
Proposal 15: For multiplexing HP HARQ-ACK, LP HARQ-ACK and HP/LP CSI including one part on PUSCH with UL-SCH,
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP/LP CSI.
Proposal 16: For multiplexing HP HARQ-ACK or LP HARQ-ACK, and HP/LP CSI (if any) on PUSCH with UL-SCH,
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK or LP HARQ-ACK.
· Reuse R15 CSI part 1 rate matching and RE mapping for HP/LP CSI part 1.
· Reuse R15 CSI part 2 rate matching and RE mapping for HP/LP CSI part 2.
Proposal 17: For multiplexing any combination of HP HARQ-ACK, LP HARQ-ACK, and HP/LP CSI on PUSCH without UL-SCH, reuses the same UCI mapping rule as multiplexing in PUSCH with UL-SCH.
Proposal 18: 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 with different priorities.
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