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[bookmark: _Ref465963108]Introduction
In RAN plenary #86, the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support was agreed [1]. One of the main objectives of the work item is to study

“Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. “

[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]In this section, the enhancement for intra-UE multiplexing and prioritization is discussed. 
Simultaneous x-CC PUCCH/PUSCH transmissions 
In NR, power headroom report (PHR) is only defined for PUSCH and SRS transmission. Namely, Type 1 power headroom is defined to capture the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell. Type 3 power headroom is defined to capture the difference between the nominal UE maximum transmit power and the estimated power for SRS transmission per activated Serving Cell. Type 2 PHR is reserved in NR spec TS 38.213 but was not used so far. 
In NR Rel-15/16, there is no strong motivation to report PHR for PUCCH on PCC, because gNB can do nothing about PUCCH (rather than still schedule UE to transmit it especially for HARQ-ACK feedback), even it figures out power headroom is 0 or negative. However, in NR Rel-17 with simultaneous PUCCH/PUSCH transmission and PUCCH cell switch, there is motivation to do PUCCH PHR report, because gNB need to decide schedule PUCCH on which CC, i.e., put PUCCH (especially dynamic HARQ-ACK feedback) on CC with positive/larger power headroom. Without PUCCH PHR report, the feature of simultaneous PUCCH transmissions and PUCCH cell switch are broken/incomplete. 
An example scenario is illustrated as in Fig 1. Assuming simultaneous PUCCH and PUSCH transmission is enabled, PHR is triggered to be reported in the PUSCH on PCC. According to RAN2 spec, a UE should report PHR for both Pcell and Scell. In this PHR report, UE should report the legacy type 1 PHR for Pcell. For Scell, according to RAN2 spec, UE should report a PHR. Naturally, UE should report a new “type 2” PHR for PUCCH transmission on Scell. Therefore, base station can derive the power headroom for both PCC and SCC and it can decide the next dynamic HARQ-ACK feedback should be scheduled on PCC or SCC. 




The calculation of PUCCH PHR is very similar to PUSCH PHR. For PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes a type 2 PHR for PUCCH as 
  [dB]

where , , , , ,  and  are defined in Subclause 7.2.1 of TS 38.213. 
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[bookmark: _Ref83658283][bookmark: _Hlk86958271]Fig 1: An example scenario of actual PHR for PUCCH 
Based on the above discussion, it is proposed to use the reserved PHR type 2 for PUCCH PHR report. 
[bookmark: _Hlk83848571][bookmark: _Hlk95724516]Proposal 1: For simultaneous PUCCH/PUSCH transmissions, use type 2 actual PHR to report PHR for an actual PUCCH transmission on Pcell or a Scell in a PUCH group, following the PHR calculation as below.
  [dB]
Furthermore, to optimize PHR mechanism, since PUCCH can be switched between Pcell and Scell, in case the Pcell or Scell has no actual PUCCH transmission, to deliver the PUCCH power headroom information to gNB such that gNB can decide schedule future PUCCH on Pcell or Scell, virtual PUCCH PHR should be introduced. As shown in the scenario in Fig 2, for Pcell, UE needs to report a type 1 actual PHR for PUSCH and a type 2 virtual PHR. While for Scell, UE needs to report a type 1 virtual PHR for PUSCH, and a type 2 actual PHR for PUCCH. 
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[bookmark: _Ref86958496]Fig 2: An example scenario of virtual PHR for PUCCH
With the above analysis, we have the following proposal to introduce type 2 virtual PHR for PUCCH. 
Proposal 2: For simultaneous PUCCH/PUSCH transmissions, support type 2 virtual PHR to report PUCCH PHR on Pcell or a Scell without actual PUCCH transmission in a PUCCH group.
[bookmark: _Hlk83931848]Intra-UE multiplexing framework with PUCCH repetitions
In RAN1 #107be, further progress was made towards resolving collisions between PUCCHs and PUCCH/ PUSCHs with different priorities. In particular, agreements were made on the detailed collision resolution procedures for the case when none of the PUCCHs are scheduled with repetitions.  However, the scenarios that involve collisions with PUCCH repetitions are still open. In this section, we discuss our view on this topic. 
In Rel-15, there is only one priority level defined in the physical layer. In this case, different procedures are used to handle the collision between uplink transmissions with and without repetitions. In particular, the following procedures are explained in TS 38.213 v15.  
“If a UE has overlapping resources for PUCCH transmissions in a slot and at least one of the PUCCH transmissions is with repetitions over multiple slots, the UE first follows the procedures described in clause 9.2.6 for resolving the overlapping among the resources for the PUCCH transmissions.”
Furthermore, the procedure to solve collisions with PUCCH repetitions is explained in Section 9.2.6 of TS 38.213, which is copied below for reference. 
“A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority 
- the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
- if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
- if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority.”
As can be seen, when at least one of the overlapping channels involve a PUCCH repetition, then UCI multiplexing will not be performed. Instead, the UE will perform PUCCH prioritization based on UCI type priority and the starting slot of the PUCCH (repetitions).
In Rel-17, when UE is configured with UCI multiplexing across different priorities, a similar approach can be applied to resolve collisions within the same priority index, and across different priority indices. In particular, we shall modify the 2-step approach agreed in previous meetings as follows.
Proposal 3:  For handling overlapping PUCCHs/PUSCHs in NR Rel-17, if at least one of the overlapping PUCCH is with repetition, the 2-step approach is modified as follows:
· Step 1: Resolve overlapping channels with the same priority index
· If, for a priority index, an overlapping PUCCH is scheduled with repetition, then a UE follows the procedure in Section 9.2.6 of TS 38.213 to resolve the overlapping with the PUCCH repetitions for this priority index.
· Otherwise, the UE performs intra-UE multiplexing on overlapping channels with this priority index 
· Step 2: Resolve overlapping channels with different priorities 
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· If any PUCCH of the LP/HP PUCCHs is scheduled with repetition, then a UE drops the LP PUCCH that overlaps with the HP PUCCH. 
· Otherwise, the UE performs intra-UE multiplexing on the overlapping LP/HP PUCCHs 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 
· If any of the overlapping PUCCH is scheduled with repetition, then a UE drops the PUCCH or PUSCH with low priority
· Otherwise, the UE performs intra-UE multiplexing among the overlapping PUCCH/PUSCHs 

Furthermore, in Rel-15, a single-slot PUCCH resource that is obtained from resolving collisions among a set of single-slot PUCCH resources is not expected to overlap with a second PUCCH resource with repetition, if the set of single-slot PUCCH resources do not overlap with the second PUCCH resource prior to intra-UE multiplexing.  This is shown in Section 9.2.5 of TS 38.213 “the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple slots if the resource is obtained from a group of resources that do not overlap with the second resource.”   

In our view, the same principle shall be applied to Rel-17 in Step 2.1. Based on the above discussion, we make the following proposal.

Proposal 4: For handling overlapping PUCCHs/PUSCHs with different priorities without repetition in NR Rel-17 within a time unit in Step 2.1, the UE doesn’t expect the resultant PUCCH resource with HP and LP UCI to overlap with another PUCCH with repetition.  
  
Another issue for PUCCH repetition is that the time unit for a first PUCCH with repetition may be different from the time unit of an overlapping second PUCCH/PUSCH with different priorities. In previous meetings, several cases in which sub-slot based transmissions overlapping with slot based transmission are concluded to be error cases, as shown in Fig 4 (a). 
However, there may be other cases where more than one repetitions of the PUCCH repetition overlap the second PUCCH/PUSCH. Since the UE will not multiplex the UCIs of the overlapping PUCCHs or multiplex the UCI on the overlapping PUSCHs, the UE can simply drop the PUCCH/PUSCH that has a lower priority. Two such examples are shown in the figure below, see Fig 4 (b). 
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(a) Error cases for collision between PUCCH/PUSCH with different priorities 
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(b) Collision between PUCCH repetition and PUCCH/PUSCH with different priorities 

Fig 3: Scenarios for intra-UE uplink transmissions
Proposal 5: If a PUCCH or PUSCH overlaps with two or more repetitions of another PUCCH with different priorities, the UE shall drop the PUCCH/PUSCH with a lower priority index.
Timeline for intra-UE multiplexing framework
In RAN1 107bis-e, it was discussed that the timeline requirement is a joint timeline requirement for all channels involved in step 1 and 2. Or two separate timeline requirements where one timeline is required for step 1 and a separate timeline is required for step 2. 
We understand from network vendors’ point of view, two separate timeline requirements relax scheduler restriction, which it is beneficial. However, from UE implementation perspective, separate timeline requitements create problem, as illustrated in Fig 4. With two separate timeline requirements, gNB could issue a HP DCI to schedule a HP PUCCH at t0. UE has to on hold UCI multiplexing procedure until it receives the later HP DCI, to avoid the situation that UE has to discard the UCI mux result between LP UCI+LP PUSCH and redo the UCI mux with LP UCI+HP UCI+LP PUSCH. This is a problem to UE implementation because a UE does not know there will be a later HP DCI. Then how long a UE should wait before it can start to kick off intra-UE multiplexing procedure? To solve this issue, RAN1 effectively need to introduce a new functionality to ask UE to do timeline check. This is CAP#2 UE which was extensively in RAN1 107-e meeting with no consensus to support it. 
At this late stage of Rel-17, the reasonable route is applying a Rel-15 timeline requirement on all overlapping channels involved in both step 1 and step 2, which would simply both specification and UE implementation.    


[bookmark: _Ref95306645]Fig 4: example scenario showing the problem of separate timeline requirements for step 1 and 2 
With the above analysis, we have the following proposal. 
Proposal 6: In Rel-17 intra-UE multiplexing, it is expected that the Rel-15 multiplexing timeline is met for all overlapping channels before step 1 is performed. 
Time unit for intra-UE multiplexing framework
In RAN1 107bis-e, it was agreed that only LP HARQ-ACK is multiplexed with HP PUCCH, while LP CSI and LP SR are dropped before multiplexing, as illustrated in the following Fig 5. 
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[bookmark: _Ref95247659]Fig 5: Example scenario with LP CSI and LP SR dropping 
After dropping the LP CSI/SR, also considering HP PUCCH can only be HP HARQ-ACK/SR (there is no HP CSI), step 2.1 (LP PUCCH multiplexing with HP PUCCHs) with mixed slot and sub-slot time units can be greatly simplified. Basically, there are only two meaningful scenarios that we need to consider. The other scenarios with slot-based HP PUCCHs and sub-slot based LP PUCCHs do not make sense in real deployment therefore can be ignored. 
· Scenario 1: the LP HARQ-ACK (slot based) overlap with at least one HP PUCCHs contain HP HARQ-ACK.
· Scenario 2: The LP HARQ (slot based) overlap with one or multiple HP SR(s) only 
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Fig 6: the two scenarios for step 2.1 with mixed slot/sub-slot time units 
To handle the above two scenarios, there were 4 different options proposed in last meeting. 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

In general, either one of the 4 options can work. Option 4 is slightly better due to the following benefit 
· It can avoid dropping LP HARQ-ACK, because of positive HP SR, in scenario 1. 
· LP HARQ-ACK always multiplex with HP HARQ-ACK if exists, which can reduce number of blind detections at gNB to determine where does the LP HARQ-ACK go. 

In RAN1 107bis-e, we had a concern that option 4 would increase UE implementation complexity. But with analysis that only two scenarios need to be handled with mixed slot/sub-slot time unit, the concern on UE implementation complexity is removed. 
With option 4, it makes sense to use slot as the time unit to resolve collision. Also, the details of option 4 can be filled in as in following proposal. 
Proposal 7: For HP PUCCH(s) overlapping with LP PUCCH(s) where LP and HP PUCCH(s) are with different length time units, choose longer time unit as the time unit to run the following pseudo code per time unit
· If the LP HARQ-ACK overlaps with at least one PUCCH including HP HARQ-ACK, multiplex the LP HARQ-ACK on the earliest PUCCH including HP HARQ-ACK. 
· If the LP HARQ-ACK does not overlap with any HP PUCCH with HP HARQ-ACK.
· If any of the HP SR is positive, drop the LP HARQ-ACK and transmit the positive SR. 
· If none of the HP SR is positive, transmit the LP HARQ-ACK.
Avoid demultiplexing in step 2.1
One general principle in intra-UE multiplexing is the following. UE should not decouple previous multiplexed channel in later steps, i.e., UE should not revert previous multiplexing decision. In other words, channels already being multiplexed together should be treated as a single channel. This principle is beneficial to simplify specification and UE implementation to avoid demultiplex previous multiplexed channels. 
The above scenario should be applied to handle the following scenario as illustrated in Fig 7. In this scenario, LP HARQ-ACK and LP CSI/SR was already multiplexed into a single PUCCH in step 1.1. Then step 2.1, this PUCCH overlap with a HP PUCCH. Because LP CSI/SR multiplexing on HP PUCCH is not supported in Rel-17, the LP CSI/SR should be dropped. However, if UE only drop LP CSI/SR but multiplex LP HARQ-ACK with HP HARQ-ACK, it creates demultiplexing behaviour. Therefore, the proposal is to drop the LP PUCCH including LP HARQ-ACK, CSI, and SR.  
[image: ]
[bookmark: _Ref95317321]Fig 7: A scenario in step 2.1 where channel demultiplexing should be avoided
Proposal 8: For a HP PUCCH overlapping with a LP PUCCH where LP PUCCH includes LP CSI or LP SR, the LP PUCCH is dropped regardless whether it includes LP HARQ-ACK or not. 
Details of UCI multiplexing on PUCCH
Impact of missing LP DCI to PUCCH resource determination
For transmission of LP and HP HARQ-ACK on a PUCCH format 3, the UE may need to select a number of RBs based on the payload sizes and coding rates, as agreed in the following agreement in RAN #106e.
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17,
· PUCCH resource set determination is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits.
· FFS PRB number determination for HP A/N and LP A/N, e.g. based on their coding rates.
· FFS the impact to the number of LP UCI bits due to missed DCI and potential solutions
· Note: the number of LP UCI bits in the above agreement does may not necessarily mean the actual number of LP UCI bits until the second FFS is resolved

Given PUCCH coding rate  and  for HP HARQ-ACK and LP HARQ-ACK respectively, the number of RBs used to transmit HP+LP HARQ-ACK can be calculated based on the following equation, 

where  and  is the payload size for HP and LP HARQ-ACK respectively. S is number of OFDM symbols in the PUCCH resource. D is the number of available tones for UCI in one RB. 

One should notice that the total number of RBs L depends on the LP HARQ-ACK payload size . If LP HARQ-ACK is with type 2 codebook, in case of missing LP DCI occurs, the size misalignment of LP HARQ-ACK could create RB misalignment at gNB, which will even impact HP HARQ-ACK decoding. As shown in Fig 8, due to LP size misalignment, several junk RBs will be included in HP A/N decoding. More severely, a few valid REs could be missed in HP A/N decoding. Because of the HP A/N has 10^-5 reliability requirement, the 10^-2 LP DCI miss detection rate is a serious issue which could lead to HP A/N fail to meet reliability requirement. Therefore, a solution is needed to solve this issue.  
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[bookmark: _Ref71275245]Fig 8: LP A/N size misalignment impact HP A/N decoding
To solve this issue, we could define (a few) reference LP HARQ-ACK size. The actual LP HARQ-ACK size is rounded up to the nearest reference size. The reference size is then used to calculate number of RBs. This could mitigate the occurrence of size misalignment for LP HARQ-ACK between UE and gNB. 
The reason that using quantized reference LP HARQ-ACK size can mitigate occurrence of size misalignment for LP HARQ-ACK is as illustrated in Fig 9. Given a few quantization points (marked in green in Fig 9) for LP A/N size (where the quantization granularity can be configured by gNB or hardcoded to 4, following DAI granularity), the LP A/N is rounded up to nearest quantization point. Suppose gNB schedules UE to transmit M bits LP A/N. While due to missing LP DCI, UE only have N bits LP A/N to transmit, where N<M. As long as N and M do not fall into two different quantization sectors, by rounding up N and M to the same value N’, the LP HARQ-ACK size is aligned between gNB and UE to determine the number of RBs. 
[image: ]
[bookmark: _Ref71275270]Fig 9: Round up LP HARQ-ACK size to avoid size misalignment between UE and gNB
The same issue of missing LP DCI also applies to the problem of PUCCH resource set selection. Namely, due to missing LP DCIs, UE and gNB may end up selecting different PUCCH resource sets, therefore causing communication errors. The same solution as discussed above for RB selection could be applied to solve this problem. 
Based on the discussion above, we propose the following. 
Proposal 9: For HP UCI and LP HARQ-ACK (in type 2 codebook) multiplexing on a PUCCH, round up LP HARQ-ACK size to a nearest reference size, in the calculation of total number of RBs for HP and LP UCI and in the PUCCH resource set determination.  
PRI selection for HP A/N and LP A/N multiplexing
For the scenario of HP HARQ-ACK and LP HARQ-Ack multiplexing, RAN1 already agreed the following procedure to determine PUCCH resource to transmit multiplexed payload.
· Step 1: Use the HP PUCCH resource pool for multiplexed payload
· Step 2: Determine the PUCCH resource set based on sum number of bits of HP HARQ-ACK and LP HARQ-ACK
· Step 3: Pick a PUCCH resource in the HP resource pool
· Step 4: Determine number of RBs based on coding rates and number of information bits for HP HARQ-ACK and LP HARQ-ACK (agreements in RAN1 #107e). 

In the above 4-step procedure, the detail of step 3 is still open. The open issue is that, whether UE should pick a PUCCH resource based on PRI in last HP DCI, or last LP DCI, or last DCI regardless of HP and LP? Given that the final PUCCH resource is selected from HP PUCCH resource pool, it makes more sense to follow the PRI in the last HP DCI. 
[bookmark: _Hlk95315192]Proposal 10: for multiplexing HP HARQ-ACKs and LP HARQ-ACKs, the PRI in the lastly received DCI (if exist), which schedules a HP HARQ-ACK involved in the multiplexing, is used to select the PUCCH resource to transmit the multiplexed payload. 
HP SR+A/N overlap with LP A/N
For the scenario of a resulting PUCCH from step 1.1 which includes HP SR and HP HARQ-ACK overlap with a LP HARQ-ACK in step 2.1, in RAN1 107bis-e, the following agreement was made for LP HARQ-ACK in PF 2/3/4. 
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.
For this scenario, there is an FFS on what is UE behaviour when HP SR+HARQ-ACK in PF 0/1 overlap with a LP HARQ-ACK. For this open issue, a proposal similar to the above agreement can be taken. 
Proposal 11: When a PUCCH carrying HP SR and HP HARQ-ACK in PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, based on total number of HP HARQ-ACK bits, LP HARQ-ACK bit, and SR bit, determine a resulting PUCCH resource in the configured HP PUCCH resources, either following PRI or sps-PUCCH-AN-List.
· If the resulting PUCCH is in PF0, treat the 1-bit LP A/N as if it is HP and reuse Rel-15 procedure to multiplex the three bits. 
· If the resulting PUCCH is in PF2/3/4, append the HP SR to HP HARQ-ACK bits, then multiplex with LP HARQ-ACK by reusing the procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource in PF 2/3/4.
Details of UCI multiplexing on PUSCH
Beta-offset values
Regarding beta-offset values for UCI multiplexing on PUSCH, the following agreement was made in RAN1#107bis-e. 
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]



In RAN1#107bis-e, there was a discussion whether beta-offset =0 is added in the new beta-offset table. We don’t see the need to introduce beta-value =0. The reason is because beta-offset =0 is effectively disable UCI multiplexing on PUSCH. It was already heavily debated whether introduce dynamic indication to enable/disable UCI multiplexing in Rel-17. The issue was escalated to RAN-P 94e and the RAN plenary decision is to not further discuss this issue in Rel-17. Allow beta-offset =0 is just an implicit way to implement such dynamic indication. At the late stage of Rel-17 standardization, we don’t see it is necessity to revisit a previous already closed issue by RAN plenary. 
With the above reasoning, we have the following proposal.
Proposal 12: Do not support beta-offset =0 in the new table for beta-offset values <1. 
Another issue related to beta-factor values <1 is that, the effective coding rate for UCI on PUSCH is determined by 
.
However, if , then we have >1, which means that the receiver will not be able to decode the UCI. From system perspective, there is no reason for the gNB to schedule such a case. Based on the discussion above, we make the following proposal. 
Proposal 13: The UE is not expected to receive an uplink DCI which indicates a UCI multiplexing on the PUSCH that results in the UCI coding rate greater than 1. 
Power control 
In the sections above, we have discussed approaches to multiplex HP and LP HARQ-ACKs on a PUSCH, in which the HP and LP are separately encoded. One remaining question is how to determine the transmit power of the PUSCH including the HP and LP HARQ-ACK. To this end, we observe that, NR Rel-16 introduces an enhanced open-loop power control mechanism to dynamically control the open loop power parameters of a PUSCH transmission. Although the original purpose of this scheme is for inter-UE multiplexing, this mechanism can be reused without any change to support HP and LP HARQ-ACK multiplexing on PUSCH. In particular, the gNB could indicate different P0 values already based on the priority of the HARQ-ACK as well as the priority of the PUSCH. This method works for both PUSCH with UL-SCH data and PUSCH without UL-SCH data. Based on this discussion, we make the following proposal. 
Proposal 14: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, reuse the same power control formula as in Rel-15. 
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]Conclusions
In summary, we have the following proposals for intra-UE multiplexing and prioritization for Rel-17 IOT and URLLC. 
Proposal 1: For simultaneous PUCCH/PUSCH transmissions, use type 2 actual PHR to report PHR for an actual PUCCH transmission on Pcell or a Scell in a PUCH group, following the PHR calculation as below.
  [dB]
Proposal 2: For simultaneous PUCCH/PUSCH transmissions, support type 2 virtual PHR to report PUCCH PHR on Pcell or a Scell without actual PUCCH transmission in a PUCCH group.
Proposal 3:  For handling overlapping PUCCHs/PUSCHs in NR Rel-17, if at least one of the overlapping PUCCH is with repetition, the 2-step approach is modified as follows:
· Step 1: Resolve overlapping channels with the same priority index
· If, for a priority index, an overlapping PUCCH is scheduled with repetition, then a UE follows the procedure in Section 9.2.6 of TS 38.213 to resolve the overlapping with the PUCCH repetitions for this priority index.
· Otherwise, the UE performs intra-UE multiplexing on overlapping channels with this priority index 
· Step 2: Resolve overlapping channels with different priorities 
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· If any PUCCH of the LP/HP PUCCHs is scheduled with repetition, then a UE drops the LP PUCCH that overlaps with the HP PUCCH. 
· Otherwise, the UE performs intra-UE multiplexing on the overlapping LP/HP PUCCHs 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 
· If any of the overlapping PUCCH is scheduled with repetition, then a UE drops the PUCCH or PUSCH with low priority
· Otherwise, the UE performs intra-UE multiplexing among the overlapping PUCCH/PUSCHs 
Proposal 4: For handling overlapping PUCCHs/PUSCHs with different priorities without repetition in NR Rel-17 within a time unit in Step 2.1, the UE doesn’t expect the resultant PUCCH resource with HP and LP UCI to overlap with another PUCCH with repetition.  
Proposal 5: If a PUCCH or PUSCH overlaps with two or more repetitions of another PUCCH with different priorities, the UE shall drop the PUCCH/PUSCH with a lower priority index.
Proposal 6: In Rel-17 intra-UE multiplexing, it is expected that the Rel-15 multiplexing timeline is met for all overlapping channels before step 1 is performed. 
Proposal 7: For HP PUCCH(s) overlapping with LP PUCCH(s) where LP and HP PUCCH(s) are with different length time units, choose longer time unit as the time unit to run the following pseudo code per time unit
· If the LP HARQ-ACK overlaps with at least one PUCCH including HP HARQ-ACK, multiplex the LP HARQ-ACK on the earliest PUCCH including HP HARQ-ACK. 
· If the LP HARQ-ACK does not overlap with any HP PUCCH with HP HARQ-ACK.
· If any of the HP SR is positive, drop the LP HARQ-ACK and transmit the positive SR. 
· If none of the HP SR is positive, transmit the LP HARQ-ACK.

Proposal 8: For a HP PUCCH overlapping with a LP PUCCH where LP PUCCH includes LP CSI or LP SR, the LP PUCCH is dropped regardless whether it includes LP HARQ-ACK or not. 
Proposal 9: For HP UCI and LP HARQ-ACK (in type 2 codebook) multiplexing on a PUCCH, round up LP HARQ-ACK size to a nearest reference size, in the calculation of total number of RBs for HP and LP UCI and in the PUCCH resource set determination.  
Proposal 10: for multiplexing HP HARQ-ACKs and LP HARQ-ACKs, the PRI in the lastly received DCI (if exist), which schedules a HP HARQ-ACK involved in the multiplexing, is used to select the PUCCH resource to transmit the multiplexed payload. 
Proposal 11: When a PUCCH carrying HP SR and HP HARQ-ACK in PUCCH format 0/1 overlaps with a PUCCH carrying LP HARQ-ACK, based on total number of HP HARQ-ACK bits, LP HARQ-ACK bit, and SR bit, determine a resulting PUCCH resource in the configured HP PUCCH resources, either following PRI or sps-PUCCH-AN-List.
· If the resulting PUCCH is in PF0, treat the 1-bit LP A/N as if it is HP and reuse Rel-15 procedure to multiplex the three bits. 
· If the resulting PUCCH is in PF2/3/4, append the HP SR to HP HARQ-ACK bits, then multiplex with LP HARQ-ACK by reusing the procedures for multiplexing of LP HARQ-ACK and HP HARQ-ACK on PUCCH resource in PF 2/3/4.
Proposal 12: Do not support beta-offset =0 in the new table for beta-offset values <1. 
Proposal 13: The UE is not expected to receive an uplink DCI which indicates a UCI multiplexing on the PUSCH that results in the UCI coding rate greater than 1. 
Proposal 14: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, reuse the same power control formula as in Rel-15. 
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