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Introduction
In RAN1-106-bis-e [1], the following was agreed in connection to intra-UE multiplexing/prioritization:
	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 RAN1-106-e [2], the following was agreed in connection to intra-UE multiplexing/prioritization:
	Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· HP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· LP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for CSI-2.
Above applies at least for PUCCH format 3 and 4.

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, an additional maxCodeRate for LP HARQ-ACK can be configured in the second PUCCH-Config per PUCCH format.

Conclusion
Simultaneous PUCCH/PUSCH transmission on the same cell is not supported in Rel-17.

Agreement
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH

Working Assumption
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,
· 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




In RAN1-105-e [3], the following was agreed in relation to intra-UE multiplexing/prioritization:
	Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, 
· For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two options:
· Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
· For HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.
Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with High priority.
·           Rel-15 design (for PF0 and PF1) is baseline.
·           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.




In RAN1-104 -e [4], the following was agreed in relation to intra-UE multiplexing/prioritization:
	[bookmark: _Hlk71542239]Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, support separate coding for the two HARQ-ACKs.
· FFS for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s).
· (working assumption) Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.
· FFS Strive to let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· FFS Strive to let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-2.
 
Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, support separate coding for the two HARQ-ACKs.
· It is understood that it is intended that the number of encoding chains for all UCI multiplexing combinations in Rel-17 should not exceed that in Rel-15/16.




n RAN1-103-e [5], the following was agreed in relation to intra-UE multiplexing/prioritization:
	Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
FFS details

Working assumption:
Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities
· FFS whether or not to specify a different behaviour than Rel-15 when the timeline requirements are not met  

Agreements:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
  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
  FFS: whether with power boost to transmit multiplexed payload or not.
  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.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?

Agreements:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, further study the following options (proponents are encouraged to provide more details and analysis):
  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
  FFS: whether with power boost to transmit multiplexed payload or not.
  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: Applying QPSK for SR+1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  FFS on conditions of multiplexing.
  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.5: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?

Agreements:
When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 for SR. The value of cyclic shift of sequence, i.e., , of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR. For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
  Opt.1b: SR and HARQ-ACK are multiplexed and modulated to be transmitted on the SR resource
  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.2d: HP SR and LP HARQ-ACK are multiplexed by the Rel-15 cyclic shift only if latency requirement for HP SR is met. Otherwise, drop the LP HARQ-ACK and only transmit the HP SR on its resource.
  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.4: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?

Agreements:
For multiplexing LP HARQ-ACK in a HP PUSCH, support 0< beta-offset <1.
· FFS value(s)
· FFS to additionally support beta-offset =0 or a value disabling the multiplexing 
· Aim to NOT increase the corresponding bitwidth in the DCI (compared to Rel-16)

Agreements:
Per UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group
FFS: dynamic indication 


In this contribution, we express our views on Intra-UE prioritization and multiplexing based on the agreements reached in past meetings [1-6].
DG and CG PUSCH collision of different priorities
In this section, we discuss collision handling when resources of DG and CG PUSCH of different priorities overlap. Since both MAC PDUs are forwarded to PHY, PHY is handling the prioritization and canceling a low priority transmission. Hence, we do not see an issue or impact for Rel-17 behaviors depending on whether UL skipping is enabled or not.
Collision of Low priority DG PUSCH and High priority CG PUSCH
In RAN1 #106b-e [1], RAN1 agreed 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. The FFS point is, how to handle the collision when there is repetition for CG and/or DG PUSCH. In Rel-16 intra-UE prioritization, UE cancels the repetition of a transmission of a UL with lower priority before the first overlapped symbol. Similar behavior is applicable for the collision between LP DG PUSCH and HP CG PUSCH. 
Proposal 1: 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 repetition of DG PUSCH at latest from the first symbol that is overlapping with the CG PUSCH.
Collision of Low priority CG PUSCH and High priority DG PUSCH
In RAN1 103-e [6], PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell was agreed. In our view, consideration should be limited to overlap of two channels in Rel-17 since this is the most common and expected use case.
Regarding timeline, the end of the PDCCH carrying the UL grant can be used as the cancelation triggering point. Thus, as long as the Rel-16 timeline for the time between the end of the PDCCH with the UL grant and the start of the DG PUSCH (HP) is at least Tproc,2 +min (d1, d2), PHY prioritization can be performed.
Proposal 2.  Define a new UE capability for collision handling between the LP CG and HP DG PUSCH in PHY layer.
· If UE supports the capability, the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, the UE expects that the first symbol of the high priority DG PUSCH is not earlier than Tproc,2+min(d1,d2) after the last symbol of the PDCCH with the DCI format scheduling the high priority DG PUSCH, where d1 and d2 can be from {0, 1, 2} symbols, and correspond to the additional margins for cancelation and preparation times respectively in case of intra-UE prioritization and reported as UE capability.
· Otherwise, the UE can only cancel the entire PUSCH transmission corresponding to the configured grant starting in a symbol 𝑗, if the end of symbol 𝑖 for PDCCH scheduling the PUSCH is at least Tproc,2 before the beginning of symbol 𝑗. 
Framework for intra-UE multiplexing/prioritization
In RAN1-106b-e meeting [1], RAN1 confirmed the working assumption for 2-step based intra-UE multiplexing procedure. 
· 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

Before diving into details of step 1 and step 2, common understanding for some basic issues should be achieved first. 
The outcome of resolving overlapped channels with different priorities  
For the overlapped UL channels with different priorities, UE may perform multiplexing or cancellation, depending at least the following factors: 
· Multiplexing between different priority is disabled by gNB, e.g., by DCI indication. Then, LP PUSCH/PUCCH should be cancelled. 
· Some UCI types cannot be multiplexed with a UL channel with different priority. Then, such LP PUCCH should be cancelled. 
For example, the resultant LP PUCCH of step 1 only carries LP CSI and resultant HP PUCCH of step 1 carries HP HARQ-ACK, then, LP PUCCH should be cancelled. Similarly, in case of LP PUSCH overlaps with HP PUSCH in the same serving cell, LP PUSCH should be cancelled. 
· HP UCI latency should not be increased. Then, LP PUCCH/PUSCH which leads to the delay of HP UCI (e.g., the last symbol of the LP PUCCH/PUSCH ends later than the last symbol HP PUCCH) should be cancelled. 
For example, if a long LP PUSCH overlapped with multiple HP PUCCHs in step 2, then, LP PUSCH should be cancelled.
Observation 1: In step 2, a UE may perform either multiplexing or cancellation.
Proposal 3: UE may perform multiplexing or cancellation after resolving overlapped UL channels with different priorities, 
· HP channel is transmitted, and LP channel is cancelled, if (1) Multiplexing between different priorities is disabled by gNB, or (2) LP channel carries UCI type not allowed to be multiplexed into a HP UL channel, or (3) LP channel ends later than HP PUCCH, if HP PUCCH would be multiplexed into the LP channel. 
· Otherwise, multiplexing between LP and HP channel is performed.
Timeline 
As analyzed above, UE may perform multiplexing or cancellation in step 2. Companies achieved consensus that Re-15 UCI multiplexing timeline is applied for Rel-17 intra-UE multiplexing, but views are divided for the timeline when cancellation is applied, i.e., whether Rel-15 or Rel-16 timeline can be supported in case of cancellation. 
According to the NOTE in the agreement, only multiplexing timeline is agreed without mentioning of cancellation timeline. It is noted that, in Rel-15, the multiplexing (e.g.,  and ) and cancellation timeline (e.g., ) is different.  The agreed note “It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable” does not cover the case of cancellation. Thus, the timeline for cancellation is still open.  The following two options for cancellation timeline are considered: 
· If Rel-17 intra-UE multiplexing is just updated for Rel-15 capability UE, it seems reasonable to assume Rel-15 timeline for cancellation operation. 
All UL channels in a slot are visible to the UE before the multiplexing or cancellation procedure for the UL channel with the earliest starting symbol in the slot. If cancellation is performed, UE drops the entire LP UL channel (starting from 1st symbol of the LP UL channel). 
With Rel-15 timeline, HP PUCCH/PUSCH latency is materially increased, which is a setback for Rel-16 URLLC. For example, according to Rel-15 timeline, if HP PUCCH is overlapped with LP PUSCH, the DL assignment for PDSCH with HP HARQ-ACK to be multiplexed into a LP PUSCH should come earlier than UL grant for the LP PUSCH, otherwise, it is an error case as shown in Figure 1-1. In other words, if HP DL assignment arrives later than the LP UL grant, the DL assignment for HP HARQ-ACK has to indicate a larger K1 to ensure no overlapping between HP PUCCH and the LP PUSCH as shown in Figure 1-2, which is apparently detrimental to URLLC traffic. 

	

	


	Figure 1-1: Error case with Rel-15 timeline
	Figure 1-2: OK by Rel-15 timeline with larger latency for HP


It is noted that, as long as there is a LP UL transmission in a slot, the benefit of sub-slot based PUCCH is marginal, because Rel-15 timeline requires PUCCH even in the last sub-slot to be visible to UE earlier than LP UL transmission, if LP and HP UL transmission are overlapped. 
                    
· If Rel-17 intra-UE multiplexing is an enhancement for Rel-16 capable UEs, it is natural to assume Rel-16 timeline for cancellation operation. 
If the UE is to perform cancellation, HP channel can come later than LP UL channel, as long as the cancellation timeline is met from the first overlapped symbols of LP and HP channel. UE can partially drop the LP channel at least from the first overlapped symbols. 
Apparently, Rel-16 timeline cancellation can ensure same short latency for HP transmission as Rel-16 URLLC, for both slot and sub-slot based PUCCH configuration.      
[image: ]
Figure 1-3: Rel-16 timeline for cancellation of LP PUSCH

Observation 2: With Rel-15 timeline for both multiplexing and cancellation, all UL channels in a slot should be visible to UE before the multiplexing or cancellation procedure for the UL channel with the earliest starting symbol in the slot, regardless of slot or sub-slot based PUCCH configuration. Rel-17 intra-UE feature only improves eMBB performance in some scenarios, while it is detrimental to URLLC performance due to physically larger latency for HP transmission and lack of flexibility for gNB in scheduling HP transmission. 
Observation 3: With Rel-15 timeline for multiplexing and Rel-16 timeline for cancellation, HP UL channel can be visible later than the LP UL channel for cancellation. Rel-17 intra-UE feature provides similar protection of URLLC as Rel-16 and improves eMBB performance compared with Rel-16.
Although using Rel-15 timeline for cancellation is detrimental to time sensitive URLLC traffic, it might be beneficial to support Rel-17 intra-UE multiplexing for UEs with only Rel-15 capability, to improve network efficiency by supporting multiplexing of LP and HP transmission, if the HP is for URLLC which is less sensitive to latency. Therefore, it would be reasonable to support the following two UE capabilities for Rel-17 intra-UE multiplexing:
Capability #A: Rel-15 timeline is applied for multiplexing and cancellation in step 2.  
Capability #B: Rel-15 timeline is applied for multiplexing, Rel-16 timeline is applied for cancellation in step 2.  
Proposal 4: Support the following two UE capabilities for Rel-17 intra-UE operation timeline
· Capability #A: Rel-15 timeline is applied for multiplexing and cancellation in step 2. The cancellation of LP channel is performed from 1st symbol of LP channel. 
· Capability #B: Rel-15 timeline is applied for multiplexing, Rel-16 timeline is applied for cancellation in step 2.  The cancellation of LP channel is performed from 1st overlapped symbol of LP and HP channels. 
Another discussion point for timeline is whether UE needs to check the timeline itself. To avoid additional complexity at UE side, gNB should ensure the corresponding timeline is met, then, UE does not need to check the timeline itself. 
For a UE with capability #A, gNB should ensure the PDCCH which leads to cancellation of LP UL transmission respect Rel-15 cancellation timeline. For example, if the overlapped UL channel is LP PUCCH with only LP CSI and HP PUCCH is with dynamic HARQ-ACK, then, the end of PDCCH for PDSCH associated with the HP PUCCH should come no later than N2 symbols before the first symbol of LP PUCCH. For a UE with capability #B, similarly, if the overlapped UL channel is LP PUCCH with only LP CSI and HP PUCCH is with dynamic HARQ-ACK, then, the end of PDCCH for PDSCH associated with the HP PUCCH should come no later than N2 symbols before the first overlapped symbol of LP PUCCH and HP PUCCH. 
Similarly, if dynamic indication for multiplexing is configured, for each UE capability, gNB ensures the PDCCH carrying the dynamic indication respects the corresponding multiplexing or cancellation timeline. 
Proposal 5: For both UE capability #A and capability #B, gNB ensures the arrival of PDCCHs and scheduled overlapped channels compliant with the multiplexing and cancellation timeline respectively, for multiplexing and cancellation operation in step 2. 
Dynamic indication 
It was agreed in RAN1-102e [7] that for multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH in R17, a mechanism for gNB to enable/disable the multiplexing is supported.
Companies have consensus that RRC signaling is needed to enable/disable multiplexing. The controversial point is, whether dynamic indication is needed. Dynamic indication can provide good protection for HP transmission. Firstly, dynamic indication can ensure desirable latency for URLLC. For example, when a HP DCI comes later than the LP channel, gNB can transmit HP channel in time by disabling the multiplexing rather than delay the HP transmission until the end of LP channel without dynamic indication. Secondly, dynamic indication can ensure desirable reliability for URLLC. For example, gNB can disable multiplexing, if the payload of LP UCI is too large to degrade HP performance. Last but not least, dynamic indication can avoid lengthy discussion for many predefined rules to ensure desirable URLLC performance for all sorts of corner cases, which is also critical to ensure Rel-17 complementation with only one meeting left.  
Regarding UE complexity for dynamic indication, in some cases, UE anyway needs to determine whether to multiplex or cancel LP transmission, based on the reception of a PDCCH, even if there is no dynamic indication in the PDCCH. For example, if LP PUCCH with SR and HP UL channel is overlapped, UE performs multiplexing if the HP UL channel is PUCCH, while UE performs cancellation of LP PUCCH if the HP UL channel is PUSCH. Therefore, when UE receives a PDCCH for the HP UL channel, UE determines to multiplex or cancel according to the content of DCI, i.e., whether the DCI is UL grant or DL assignment. In that sense, dependence on dynamic indication for multiplexing does not cause additional complexity for the UE. In case of multiple DCIs associated with the same UL channel, it would be simple for the UE to follow the indication of the last received DCI, which is similar to the existing PUCCH resource overriding. If there is really some concern for UE implementation, adding the restriction of aligned indication for multiplexing in DCIs with same priority for the same UL channel would be reasonable. Considering the reliability of URLLC, the probability of misdetection of all PDCCHs for HP UL transmission associated with the same UL channel is marginal. Thus, the impact of missed HP PDCCH on intra-UE multiplexing is negligible. 
Proposal 6: Support dynamic indication for enabling/disabling multiplexing by DCI. A UE does not expect conflicted indication by multiple DCIs with same priority for the same UL channel.  
Details for each step   
Based on the proposals for section 3.1~3.3, details for each step of agreed 2-step procedure is provided. 
Step 1 includes two sub-steps, UCI multiplexing among PUCCHs as step 1-1 and resultant PUCCH multiplexing into PUSCH as step 1-2. Both step 1-1 and step 1-2 can reuse Rel-15 and 16 procedures (for sub-slot based PUCCH) with Rel-15 timeline for each priority. No interaction between HP PUCCH/PUSCH and LP PUCCH/PUSCH is considered in step 1. 
In Step 2, overlapping handling is based on the resultant LP PUCCH/PUSCH and HP PUCCH/PUSCH of step 1. In other words, the multiplexing/cancellation between different priorities only consider the UL channel after resolving overlapping among channels within each priority in step 1. 
In Step 2, if there are more than two overlapped channels, there can be overlapped PUCCHs with different priorities as well as overlapped PUCCH and PUSCH with different priorities. For example, there is one LP PUCCH overlapped with both HP PUSCH and HP PUCCHs. The issue is, which overlapped UL channels should be resolved first, i.e., first resolve HP PUSCH and LP PUCCH, and then the resultant UL channel  (HP PUSCH) and HP PUCCH, or first resolve LP and HP PUCCHs, and then the resultant PUCCH of overlapped PUCCHs  and HP PUSCH. 
To address such overlapped scenario, there can be at least two alternatives. 
· Alternative 1:  Resolve the overlapped UL channels in time sequence. 
Alternative 1 process UL channels in time order without prioritization of PUCCH multiplexing. Specifically, UE resolves the overlapping for two UL channels at a time, and the two UL channels are two overlapped channels with earliest starting symbol. If the overlapped channels are PUCCH and PUSCH with different priority, then PUCCH and PUSCH multiplexing/cancellation is performed. If the overlapped channels are PUCCH and PUCCH with different priority, then PUCCH and PUCCH multiplexing/cancellation is performed. 
For overlapped PUCCHs, since there are only two UL channels processed at a time, Rel-15 pseudo-code can be directly reused for PUCCH multiplexing (if the condition for multiplexing is met, as discussed in section 3.1) without consideration of different slot and sub-slot configuration for LP and HP PUCCH.  If cancellation is performed, LP PUCCH is dropped from 1st symbol with UE capability #1, or from 1st overlapped symbol with UE capability #2. 
For overlapped PUSCHs and PUSCHs, LP channel is dropped from 1st symbol with UE capability #1, or from 1st overlapped symbol with UE capability #2. 
For overlapped PUCCH and PUSCHs, multiplexing is performed if conditions for multiplexing is met, otherwise, LP PUCCH is dropped from 1st symbol with UE capability #1, or from 1st overlapped symbol with UE capability #2.  
Taking Figure 2 as an example, the overlapping between LP PUCCH and HP PUSCH is firstly resolved, UE transmits HP PUSCH with LP UCI if LP UCI is not CSI and multiplexing timeline is met, and transmits HP PUCCH1, and HP PUCCH2. If LP PUCCH is LP CSI, then, UE transmits HP PUSCH without LP UCI, and transmits HP PUCCH1 and HP PUCCH2. 



Figure 2: Resolve overlapping in time order 


· Alternative 2: First resolve overlapped PUCCHs, and then, resolve overlapped resultant PUCCH and PUSCH, if any.  
Similar to Rel-15 intra-UE multiplexing, Step 2 can be divided into 2 sub-steps, UCI multiplexing/cancellation among PUCCHs in step 2-1 and resultant PUCCH multiplexing into PUSCH or cancellation in step 2-2, as shown in Figure 3. 


Figure 3: Resolve overlapped PUCCHs first 

For step 2-1, based on exiting Rel-15 multiplexing procedure, several modifications as described below are needed.  
· How to handle the case if LP and HP PUCCH resource is configured with slot and sub-slot, or sub-slot with different number of symbols?  
In case of different PUCCH configuration of LP and HP, e.g., if LP PUCCH is configured with slot-based PUCCH while HP PUCCH is configured with sub-slot, new mechanism is required to determine PUCCH resource set Q within a ‘single slot’ to run the pseudo-code. To avoid confusion, reference slot is used to denote the ‘single slot’ for set Q.  
It seems natural to use the sub-slot configuration of HP PUCCH resource as the reference slot to perform multiplexing for LP and HP PUCCHs. And then, how to add a LP PUCCH resource into the set Q for the reference slot, should be defined. For UE with #1 capability, it is assumed that all overlapped UL channels in a slot (NOT a sub-slot, if LP PUCCH is slot-based) are visible before the preparation of UL channel with earliest starting symbol in a slot, e.g., HP PUSCH, HP PUCCH1, HP PUCCH2 and LP PUCCH should be visible to a UE before the multiplexing timeline with reference to 1st symbol of LP PUCCH in figure 3. Then, it seems straightforward to add LP PUCCH resource into set Q associated with the first overlapped reference slot with HP PUCCH. For UE with #2 capability, with dynamic indication, some of the overlapped UL channel in a slot can be invisible to UE before the preparation of a UL channel in a slot, if cancellation is performed. For example, in figure 3, if the PDCCH for HP PUCCH1 comes before the latest time for multiplexing with reference to 1st symbol of LP PUCCH while the PDCCH for HP PUCCH2 comes later, gNB enables multiplexing between LP PUCCH and HP PUCCH1 while disables multiplexing between LP PUCCH and HP PUCCH2, then, LP PUCCH resource is added into set Q with the HP PUCCH resource supporting the multiplexing. 

· How to determine single PUCCH resource for multiplexing UCI associated with overlapped PUCCH resources [image: ] ? 
Even with same time unit for LP and HP PUCCH, if a LP PUCCH resource is overlapped with two HP PUCCHs, new mechanism is needed to determine single PUCCH resource for these PUCCHs. According to Rel-15 pseudo-code, if LP PUCCH resource starts earlier than both HP PUCCHs, single PUCCH resource is determined for multiplexing all these 3 PUCCHs.  However, with different priority, single PUCCH resource for multiplexing all UCIs would requires different handling, depending on UCI type carried by HP PUCCHs. For example, if two HP PUCCHs only carry HP SR, then, LP PUCCH should be dropped, while if one HP PUCCH is SR and the other is HARQ-ACK, then, LP PUCCH can be multiplexed onto one HP PUCCH resource. For the latter case, the latency for HP SR would be degraded, if HP HARQ-ACK is later than HP SR. 
	

	


	Figure 4-1 Drop LP PUCCH
	Figure 4-2 Multiplex LP with HP PUCCH ?



·  How to handle LP PUCCH resource which would be cancelled? 
As discussed above, UE may cancel LP PUCCH in some cases. Whether to exclude such PUCCH resources from set Q before running the pseudo-code as Rel-15, or still keep it in the set Q while add cancellation step into the pseudo-code should be determined. 
         
For step 2-2, the resultant non-overlapped PUCCHs of step 2-1 is processed with overlapped PUSCHs with different priority. If there are also overlapped PUSCHs with different priorities, whether the overlapping of PUSCHs should be resolved before or after resolving overlapped PUSCH and PUCCH needs discussion. If the dynamic indication of multiplexing between PUCCH and PUSCH with different priorities is configured, UE just follows the indication. There is no difference whether PUSCHs are resolved first or PUCCH and PUSCH are resolved first. If the dynamic indication of multiplexing is not configured, resolving overlapped PUSCHs first can reduce the dropping probability of HP UCI in some scenarios. 

For both step 2-1 and 2-2, if LP UL channel is cancelled, LP UL channel is dropped from 1st symbol with UE capability #1, or from 1st overlapped symbol with UE capability #2.  
Proposal 7: In step 2 of 2-step procedure, down-select one of the following alternatives for UL channel multiplexing/cancellation for different priorities: 
· Alt 1: A pair of overlapped UL channels with different priorities is checked at a time. Multiplexing/cancellation is determined by the rules provided by proposal 3.
· Alt 2:   Step-2 consists of two sub-steps:
             Step 2-1: Resolve overlapped PUCCHs with different priorities. 
· Multiplexing/cancellation of LP PUCCH is determined by the rules provided by proposal 3. 
· Define a mechanism to handle LP and HP PUCCHs with different time unit. 
· Define a mechanism to handle one LP PUCCH overlapped with multiple HP PUCCHs with same time unit. 
· Define a mechanism to handle cancellation of LP PUCCH on top of existing Rel-15 multiplexing pseudo-code.  
              Step 2-2: Resolve overlapped PUCCH and PUSCH with different priorities.               
· Multiplexing/cancellation of LP UL channel is determined by the rules provided by proposal 3. 
· Define a new mechanism to resolve overlapped PUCCH and PUSCH with different priorities, if the PUSCH is overlapped with another PUSCH with different priorities.  
Regarding the agreed NOTE for “Avoid recursive pseudo-code to implement this procedure”, most companies agreed that it is undesirable to go back to step 1 again after step 2. To achieve this goal, resultant UL channel in step 2 with one priority should not overlap with another UL channel with same priority, if these two UL channels are not overlapped after step 1.  Some companies did not prefer such restriction with the argument of too much limitation of scheduling. However, comparing the additional complexity of step 1- step 2- step 1- step2 loop, the scheduling restriction would be marginal, because it would be easy for gNB to control the  total payload of LP and HP UCIs which does not lead to a different PUCCH resource set for only HP UCI and the PUCCH resource happens to  overlap with another HP UL transmission. 


Figure 5    Error case 
Proposal 8: To avoid recursive pseudo-code to implement 2-step procedure, a UE does not expect a resultant PUCCH/PUSCH of step 2 to be overlapped with a resultant PUCCH/PUSCH of step 1 with same priority to avoid recursive procedure (go back to step 1 again).
HARQ-ACK and HARQ-ACK collisions of different priorities
Separate Coding Procedure
In RAN1-106e meeting, RAN1 agreed rate matching and RE mapping for HP HARQ-ACK and LP HARQ-ACK on PUCCH format 3 and 4, while whether it is applicable to format 2 and which encoder is applied for HP HARQ-ACK or LP HARQ-ACK of 1-2 bits are still open. 
For total HARQ-ACK payload of more than 2 bits, it was agreed in RAN1-105e that for HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 procedure in TS 38.212 Clause 5.3.3.3 or Clause 5.3.1. For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), we also suggest reusing R15 procedures of 1-2 UCI bits encoding methods, i.e., repetition code/simplex code. We do not see strong need for padding to 3 bits and use the Rel-16 coding method of Type-2 CSI report, i.e., padding to 3 bits and use RM coding, and increase specification efforts in this regard.
In Rel-15, separate coding is only supported for PUCCH format 3 and 4. Only joint coding is supported for PUCCH format 2. Hence, extending support of separate coding to PUCCH format 2 requires more specification efforts, such as RE mapping pattern for HP and LP HARQ-ACK bits, and complexity for UE implementation.  
Proposal 9: For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding by reusing R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
Proposal 10: LP and HP HARQ-ACK multiplexing is not supported for PUCCH format 2. 
PUCCH resource determination
In RAN1-106b-e, RAN1 agreed to determine the number of PRBs with the consideration of code rates and payload for LP and HP respectively. The FFS point is, if sufficient resource is not available for accommodating HP UCI and all LP UCI bits, how to determine the number of PRBs and whether/how to drop LP UCI bits. 
Though no drop of LP HARQ-ACK may not impact HP UCI performance, insufficient resource for LP HARQ-ACK may lead to failure of all LP HARQ-ACK bits, which in turn wastes the resource. Therefore, partial dropping of LP HARQ-ACK bits is desirable. To determine the number of LP HARQ-ACK bits to be dropped, the same mechanism as CSI part 1 or part 2 dropping can be applied, without change of number of PRBs calculated according to the total payload of LP and HP UCIs without dropping. 
Proposal 11: When sufficient resources are not available for accommodating LP HARQ-ACK on HP PUCCH, LP HARQ-ACK payload bits can be partially dropped to ensure a proper coding rate with  PRBs. 
DCI triggering LP HARQ-ACK may be less reliable than the DCI triggering HP HARQ-ACK. Hence, chance of missed detection of the DCI corresponding to LP HARQ-ACK is higher, e.g., 1%, compared to that (e.g., 0.001%) of DCI triggering HP HARQ-ACK. If dynamic or type 2 codebook is used and DAI field only includes C-DAI bits, the problem of ambiguity due to missed detection of DCI on LP HARQ-ACK codebook size could impact the reliability of HP HARQ-ACK transmission, since assumption on number of LP HARQ-ACK bits, PUCCH resource and/or rate matching determination can be different between gNB and UE. To avoid payload ambiguity, DCI triggering HP HARQ-ACK may include additional T-DAI for LP HARQ-ACK.
Proposal 12: For multiplexing a HP HARQ-ACK and LP HARQ-ACK into a PUCCH in R17, additional T-DAI for LP HARQ-ACK can be indicated by the DCI triggering HP HARQ-ACK. 
Multiplexing HARQ-ACK and SR with different priorities
In previous meetings, several options were listed for multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH. We have the following preference for HP SR (HP HARQ-ACK) and LP HARQ-ACK (LP SR) multiplexing for different PF combinations:
Proposal 13:
HP SR PF0, LP HARQ PF0: 
· 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.
HP SR PF0, LP HARQ PF1:  
· For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource
HP SR PF1, LP HARQ PF0: 
· 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.

Collision handling LP SR and HP HARQ-ACKs
	
	HARQ-ACK with PF0
	HARQ-ACK with 
PF1
	HARQ-ACK with PF2
	HARQ-ACK with 
PF3 or PF4

	SR with PF0
	Multiplexed UCI is transmitted using PF0 on HARQ-ACK resource
	Drop SR and transmit HARQ-ACK on HARQ-ACK resource
	Multiplexed UCI is transmitted using PF 2 on HARQ-ACK resource if SR is with PF 0. SR is dropped if it is PF 1 
	Multiplex HARQ-ACK and SR according to Rel-15 procedure.

	SR with PF1
	SR is dropped
	Multiplexed UCI is transmitted using PF 1 on HARQ-ACK resource
	
	


Note: If the resultant resource does not meet the condition in section 3.1, LP PUCCH is dropped. For example, if the ending symbol of LP PF 3/4 with LP HARQ-ACK is later than HP SR with PF0, then, LP PF3/4 is dropped rather than multiplexing. 
HARQ-ACK and PUSCH collisions of different priorities
In RAN1-106b-e meeting, RAN1 agreed how to perform rate matching and RE mapping for multiplexing HP HARQ-ACK, LP HARQ-ACK into a PUSCH without A-CSI, while it is still open for the case when PUSCH has A-CSI. 
For multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI would be transmitted on LP PUSCH, 
· Reuse R15 HARQ-ACK rate matching and RE mapping for HP HARQ-ACK.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· If LP CSI consists of two parts, 
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1
· CSI part 2 is dropped. The performance degradation for dropped CSI part 2 is marginal, considering the small probability of collision and dropping.  
· If LP CSI consists of single part 
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK and HP A-CSI consisting of two parts would be transmitted on HP PUSCH conveying UL-SCH, 
· Reuse R15 HARQ-ACK rate matching and RE mapping for HP HARQ-ACK.
· Reuse R15 CSI part 1 rate matching and RE mapping for HP CSI part 1.
· If HP CSI consists of two parts, 
· Reuse R15 CSI part 2 rate matching and RE mapping for HP CSI part 2. 
· LP HARQ-ACK is dropped. 
Joint coding of HP CSI 2 and LP HARQ-ACK requires additional standard effort while the performance may not be guaranteed, e.g., a proper beta_offset for HP CSI2 may be improper for LP HARQ-ACK.  
· If HP CSI consists of single part 
· Reuse R15 CSI part 2 rate matching and RE mapping for LP HARQ-ACK. 
For payload control, LP HARQ-ACK bits can be partitioned, such as Part 1 and Part 2, where Part 2 can be dropped if sufficient resource is not available. The procedure can be similar to CSI Part 1 and Part 2 handling.
Proposal 14:  For multiplexing a HP HARQ-ACK and LP HARQ-ACK onto a PUSCH with A-CSI
· If there is A-CSI on LP PUSCH, reuse R15 HARQ-ACK rate matching and RE mapping for HP HARQ-ACK, Rel-15 CSI part 1 for LP HARQ-ACK, Rel-15 CSI part 2 for LP CSI part 1, and drop LP CSI part 2, if any. 
· If there is A-CSI on HP PUSCH, reuse R15 HARQ-ACK rate matching and RE mapping for HP HARQ-ACK, Rel-15 CSI part 1 for HP CSI part 1, Rel-15 CSI part 2 for HP CSI part 2 or LP HARQ-ACK (if no HP CSI part2).  
Proposal 15: When sufficient resource is not available for accommodating LP HARQ-ACK on HP PUSCH, LP HARQ-ACK payload bits can be partially dropped. 
Furthermore, it is also still open for the case when HARQ-ACK with only one priority is to be multiplexed into a PUSCH with another priority, with and without A-CSI. For simplicity, existing Rel-15 coding chains for each UCI type can be reused directly, no matter the HARQ-ACK and the PUSCH has same or different priority. 
Proposal 16: For multiplexing HARQ-ACK with priority i onto a PUSCH with priority j with and without A-CSI, reuse Rel-15 HARQ-ACK rate matching and RE mapping for HARQ-ACK with priority i, Rel-15 CSI part 1 for CSI part 1 with priority j (if any), and Rel-15 CSI part 2 for CSI part 2 with priority j (if any).
CG-PUSCH may include CG-UCI, e.g., for the operation over unlicensed band. In this matter, it was agreed that if the HARQ-ACK and the CG PUSCH have different priorities and the CG PUSCH overlaps with the HARQ-ACK, then the HARQ-ACK would be multiplexed in CG-PUSCH, if cg-UCI-Multiplexing is enabled. However, an open issue is whether CG-UCI should be jointly coded with HARQ-ACK or not, and with which HARQ-ACK should be jointly coded with, if there are both LP and HP HARQ-ACKs. Considering that the motivation, for the case when cg-UCI-Multiplexing is configured, is to increase spectral efficiency, possible LBT overhead since additional CCA procedure may be needed due to possible introduction of gaps if the CG-PUSCH may be dropped, and avoid increasing the coding chain, it is natural to support joint coding of CG-UCI with HARQ-ACKs no matter whether the HARQ-ACKs only include the HARQ-ACK for one priority or both priorities. For the case of HARQ-ACK with single priority, HARQ-ACK and CG-UCI are jointly encoded with beta offset for the HARQ-ACK. For the case of HARQ-ACKs with both priorities, CG-UCI and HP HARQ-ACK is jointly encoded with beta offset for HP HARQ-ACK, considering CG-UCI contains important information which is critical to the performance of CG-PUSCH in NR-U setup. 
Proposal 17: If cg-UCI-Multiplexing is enabled, CG-UCI and HARQ-ACK are jointly encoded. 
· If HARQ-ACKs only with one priority are to be multiplexed into CG-PUSCH that includes CG-UCI, CG-UCI is jointly encoded with the HARQ-ACK with beta offset for the HARQ-ACK. 
· If both HP and LP HARQ-ACK are to be multiplexed into CG-PUSCH that includes CG-UCI, CG-UCI is jointly encoded with HP HARQ-ACK with beta offset for the HP HARQ-ACK. 
Simultaneous transmission of PUCCH and PUSCH over x-CCs
In Rel-15, for UL carrier aggregation, when UL control channel (PUCCH) overlaps with a UL data channel (PUSCH) on a different carrier, the PUCCH is multiplexed on the PUSCH. This may not always be desirable, especially when it is combined with intra-UE prioritization. To reduce dropping of low priority transmission, in the event of overlap of low and high priority transmission across multiple carriers, it was agreed that with simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group for inter-band CA. In RAN1-106e, the conclusion was made that simultaneous PUCCH/PUSCH transmission on the same cell is not supported in Rel-17. In the following, the remaining issues for intra-band CA, same PHY priority, and detailed procedure with intra-UE multiplexing is discussed.  
Simultaneous PUSCH/PUCCH of same priority 
The benefit of simultaneous PUSCH/PUCCH of the same PHY priority is quite limited. Simultaneous PUSCH/PUCCH of the same PHY priority does not always reduce the drop of LP transmission, on the contrary, the dropping probability is even increased for some cases. For example, if there is one LP PUCCH on Pcell, one HP PUSCH on Pcell, and one LP PUSCH on Scell, LP PUCCH is multiplexed into LP PUSCH on Scell, and then, both HP PUSCH and LP PUSCH with LP UCI can be transmitted, if simultaneous PUSCH/PUCCH of the same PHY priority is not enabled. However, if simultaneous PUSCH/PUCCH of the same PHY priority is enabled, LP PUCCH is cancelled by HP PUSCH on Pcell. 
Furthermore, simultaneous PUSCH/PUCCH of the same PHY priority complicates the multiplexing/cancellation procedure for both Rel-16 and Rel-17 intra-UE multiplexing, especially if the simultaneous PUSCH/PUCCH of the same and different PHY priorities are both enabled. The multiplexing procedure for the same priority, the multiplexing (Rel-17 intra-UE multiplexing) and cancellation (Rel-16 intra-UE multiplexing) between different priority all require modification. 
Considering the unclear benefit and UE complexity, it is undesirable to support simultaneous PUSCH/PUCCH of the same PHY priority. 
Simultaneous PUSCH/PUCCH for intra-band CA
One FFS point is, whether to support simultaneous PUSCH/PUCCH for intra-band CA. On one hand, the benefit of reduced dropping of LP transmission is held for both intra and inter-band, thus it seems natural to also support simultaneous PUSCH/PUCCH for intra-band CA. On the other hand, simultaneous PUSCH/PUCCH transmission with different priorities leads to phase discontinuity for intra-band CA, especially for single PA case, UE may support the feature for intra-band CA based on capability signaling, but the scope may be limited such as simultaneous transmissions may only be possible when their durations are aligned so that phase distortions are avoided. 
Proposal 18: Do not support simultaneous transmission of PUSCH and PUCCH over different carriers for intra-band CA and simultaneous transmission of PUSCH and PUCCH for the same priority.
Simultaneous PUSCH/PUCCH for intra-UE multiplexing/prioritization 
If UE is configured with both simultaneous PUSCH and PUCCH transmissions over different carriers and Rel-16 or Rel-17 intra-UE prioritization, option of simultaneous transmissions should take precedence over the intra-UE prioritization. 
For Rel-16 intra-UE multiplexing, simultaneous transmission is not taken into account for resolving the overlapped PUSCH/PUCCH for low priority (Rel-16 step 1), while simultaneous transmission is taken into account for LP transmission cancellation (Rel-16 step 2). Specifically, the LP transmission is cancelled as Rel-16, if HP transmission is on serving cells within the same band as LP transmission, otherwise, LP transmission can be performed. 
For Rel-17 intra-UE multiplexing, since simultaneous PUSCH/PUCCH is only for different priorities, it is not considered for resolving the overlapped PUSCH/PUCCH within each priority (Rel-17 step 1), while simultaneous transmission is considered for multiplexing/cancellation between different priorities (Rel-17 step 2). Specifically, the multiplexing/cancellation between PUSCH and PUCCH with different priority is performed with the consideration of whether the PUSCH and PUCCH is within the same band. If PUSCH and PUCCH with different priority is in the same band, perform the multiplexing/cancellation without the consideration of simultaneous transmission (same as procedure discussed in section 3), otherwise, PUSCH and PUCCH can be transmitted without multiplexing/cancellation.
Proposal 19: If UE is configured with both simultaneous PUSCH and PUCCH transmissions over different carriers and Rel-16 or Rel-17 intra-UE prioritization, simultaneous transmissions is not considered in step 1 resolving overlapped UL channels within the same priority, simultaneous transmissions should take precedence over resolving overlapped PUCCH and PUSCH with different priorities in step 2 .
Conclusions
In summary, we have the following list of proposals and observations:
Observation 1: In step 2, a UE may perform either multiplexing or cancellation.
Observation 2: With Rel-15 timeline for both multiplexing and cancellation, all UL channels in a slot should be visible to UE before the multiplexing or cancellation procedure for the UL channel with the earliest starting symbol in the slot, regardless of slot or sub-slot based PUCCH configuration. Rel-17 intra-UE feature only improves eMBB performance in some scenarios, while it is detrimental to URLLC performance due to physically larger latency for HP transmission and lack of flexibility for gNB in scheduling HP transmission. 
Observation 3: With Rel-15 timeline for multiplexing and Rel-16 timeline for cancellation, HP UL channel can be visible later than the LP UL channel for cancellation. Rel-17 intra-UE feature provides similar protection of URLLC as Rel-16 and improves eMBB performance compared with Rel-16.
Proposal 1: 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 repetition of DG PUSCH at latest from the first symbol that is overlapping with the CG PUSCH.
Proposal 2.  Define a new UE capability for collision handling between the LP CG and HP DG PUSCH in PHY layer.
· If UE supports the capability, the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, the UE expects that the first symbol of the high priority DG PUSCH is not earlier than Tproc,2+min(d1,d2) after the last symbol of the PDCCH with the DCI format scheduling the high priority DG PUSCH, where d1 and d2 can be from {0, 1, 2} symbols, and correspond to the additional margins for cancelation and preparation times respectively in case of intra-UE prioritization and reported as UE capability.
· Otherwise, the UE can only cancel the entire PUSCH transmission corresponding to the configured grant starting in a symbol 𝑗, if the end of symbol 𝑖 for PDCCH scheduling the PUSCH is at least Tproc,2 before the beginning of symbol 𝑗. 
Proposal 3: UE may perform multiplexing or cancellation after resolving overlapped UL channels with different priorities, 
· HP channel is transmitted, and LP channel is cancelled, if (1) Multiplexing between different priorities is disabled by gNB, or (2) LP channel carries UCI type not allowed to be multiplexed into a HP UL channel, or (3) LP channel ends later than HP PUCCH, if HP PUCCH would be multiplexed into the LP channel. 
· Otherwise, multiplexing between LP and HP channel is performed.
Proposal 4: Support the following two UE capabilities for Rel-17 intra-UE operation timeline
· Capability #A: Rel-15 timeline is applied for multiplexing and cancellation in step 2. The cancellation of LP channel is performed from 1st symbol of LP channel. 
· Capability #B: Rel-15 timeline is applied for multiplexing, Rel-16 timeline is applied for cancellation in step 2.  The cancellation of LP channel is performed from 1st overlapped symbol of LP and HP channels. 
Proposal 5: For both UE capability #A and capability #B, gNB ensures the arrival of PDCCHs and scheduled overlapped channels compliant with the multiplexing and cancellation timeline respectively, for multiplexing and cancellation operation in step 2. 
Proposal 6: Support dynamic indication for enabling/disabling multiplexing by DCI. A UE does not expect conflicted indication by multiple DCIs with same priority for the same UL channel.  
Proposal 7: In step 2 of 2-step procedure, down-select one of the following alternatives for UL channel multiplexing/cancellation for different priorities: 
· Alt 1: A pair of overlapped UL channels with different priorities is checked at a time. Multiplexing/cancellation is determined by the rules provided by proposal 3.
· Alt 2:   Step-2 consists of two sub-steps:
             Step 2-1: Resolve overlapped PUCCHs with different priorities. 
· Multiplexing/cancellation of LP PUCCH is determined by the rules provided by proposal 3. 
· Define a mechanism to handle LP and HP PUCCHs with different time unit. 
· Define a mechanism to handle one LP PUCCH overlapped with multiple HP PUCCHs with same time unit. 
· Define a mechanism to handle cancellation of LP PUCCH on top of existing Rel-15 multiplexing pseudo-code.  
              Step 2-2: Resolve overlapped PUCCH and PUSCH with different priorities.               
· Multiplexing/cancellation of LP UL channel is determined by the rules provided by proposal 3. 
· Define a new mechanism to resolve overlapped PUCCH and PUSCH with different priorities, if the PUSCH is overlapped with another PUSCH with different priorities.  
Proposal 8: To avoid recursive pseudo-code to implement 2-step procedure, a UE does not expect a resultant PUCCH/PUSCH of step 2 to be overlapped with a resultant PUCCH/PUSCH of step 1 with same priority to avoid recursive procedure (go back to step 1 again).
Proposal 9: For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding by reusing R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
Proposal 10: LP and HP HARQ-ACK multiplexing is not supported for PUCCH format 2. 
Proposal 11: When sufficient resource is not available for accommodating LP HARQ-ACK on HP PUCCH, LP HARQ-ACK payload bits can be partially dropped to ensure a proper coding rate with  PRBs. 
Proposal 12: For multiplexing a HP HARQ-ACK and LP HARQ-ACK into a PUCCH in R17, additional T-DAI for LP HARQ-ACK can be indicated by the DCI triggering HP HARQ-ACK. 
Proposal 13:
      HP SR PF0, LP HARQ PF0: 
· 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.
      HP SR PF0, LP HARQ PF1:  
· For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource
      HP SR PF1, LP HARQ PF0: 
· 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.
Proposal 14:  For multiplexing a HP HARQ-ACK and LP HARQ-ACK onto a PUSCH with A-CSI
· If there is A-CSI on LP PUSCH, reuse R15 HARQ-ACK rate matching and RE mapping for HP HARQ-ACK, Rel-15 CSI part 1 for LP HARQ-ACK, Rel-15 CSI part 2 for LP CSI part 1, and drop LP CSI part 2, if any. 
· If there is A-CSI on HP PUSCH, reuse R15 HARQ-ACK rate matching and RE mapping for HP HARQ-ACK, Rel-15 CSI part 1 for HP CSI part 1, Rel-15 CSI part 2 for HP CSI part 2 or LP HARQ-ACK (if no HP CSI part2).  
Proposal 15: When sufficient resource is not available for accommodating LP HARQ-ACK on HP PUSCH, LP HARQ-ACK payload bits can be partially dropped. 
Proposal 16: For multiplexing HARQ-ACK with priority i onto a PUSCH with priority j with and without A-CSI, reuse Rel-15 HARQ-ACK rate matching and RE mapping for HARQ-ACK with priority i, Rel-15 CSI part 1 for CSI part 1 with priority j (if any), and Rel-15 CSI part 2 for CSI part 2 with priority j (if any).
Proposal 17: If cg-UCI-Multiplexing is enabled, CG-UCI and HARQ-ACK are jointly encoded. 
· If HARQ-ACKs only with one priority are to be multiplexed into CG-PUSCH that includes CG-UCI, CG-UCI is jointly encoded with the HARQ-ACK with beta offset for the HARQ-ACK. 
· If both HP and LP HARQ-ACK are to be multiplexed into CG-PUSCH that includes CG-UCI, CG-UCI is jointly encoded with HP HARQ-ACK with beta offset for the HP HARQ-ACK. 
Proposal 18: Do not support of simultaneous transmission of PUSCH and PUCCH over different carriers for intra-band CA and simultaneous transmission of PUSCH and PUCCH for the same priority.
Proposal 19: If UE is configured with both simultaneous PUSCH and PUCCH transmissions over different carriers and Rel-16 or Rel-17 intra-UE prioritization, simultaneous transmissions is not considered in step 1 resolving overlapped UL channels within the same priority, simultaneous transmissions should take precedence over resolving overlapped PUCCH and PUSCH with different priorities in step 2.
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