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Introduction
In RAN1-103e [1], the following was agreed in relation to intra-UE multiplexing/prioritization:
	Agreements:
For multiplexing UCIs of different priorities in a PUCCH in R17, 
· Support of multiplexing between different resources not confined within a sub-slot if conditions are met
· FFS: Details 
· Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
· FFS details

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 are more than 2 bits, down-select from the following options in RAN1#104-e:
l Option 1: Support joint coding.
l Option 2: Support separate coding.
l Option 3: Combination of Option1 and 2.
l FFS the details
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 bits, provide design details for decision for the following cases in RAN1#104-e:
·        Multiplexing on a PUCCH format 0
·        Multiplexing on a PUCCH format 1

Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

Agreements:
For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

Agreements:
Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in R17.
· FFS the related cancelation behavior for the PUSCH of lower PHY priority and other details.
· First clarify what is the scope of this feature, e.g. if overlapping between more than 2 channels is considered.
· FFS the timeline requirements.
· First clarify what is the behavior of Rel-16 UE in case of DG/CG/UCI overlapping, with and without uplink skipping enabled.
· FFS UE capability for this feature.



In RAN1-102e [2], the following was agreed in relation to intra-UE multiplexing/prioritization:

	Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).

Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH

Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.
 
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
· FFS for intra-band CA.



In this contribution, we express our views on Intra-UE prioritization and multiplexing based on the agreements reached in last meeting.
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.

Collision of Low priority DG PUSCH and high priority CG PUSCH

It has been agreed in RAN1 # 102-e that PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH is supported in Rel-17. In our view, the cancelation timelines we have agreed so far may not apply for this case since the triggering of the transmission of the HP CG PUSCH would be dependent on when the MAC delivers the corresponding MAC PDU to PHY for the HP CG PUSCH. The UE may be expected to cancel the LP DG PUSCH at least starting from the first overlapping symbol with the HP CG PUSCH as long as the MAC PDU for the HP CG PUSCH is received Tproc,2+d1 before the first overlapping symbol. 
While the above could be specified in PHY specifications, it may not be testable. 

Observation 1: It may not be feasible to define a proper cancellation timeline that is testable since it may not be feasible to externally determine the exact timing when the MAC layer delivers the corresponding MAC PDU to PHY for the HP CG PUSCH.
Proposal 1: PHY collision handling of low priority DG PUSCH and high priority CG PUSCH is left up to UE implementation and no RAN1 specification change is necessary.

Collision of Low priority CG PUSCH and high priority DG PUSCH

In RAN1 103e, 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 end of the PDCCH with the UL grant and 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. 

Since both 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.

Observation 2: Since cancelation/prioritization is taking place at PHY, UL skipping related considerations from Rel-16 may not apply to Rel-17 PHY prioritization between HP DG PUSCH and LP CG PUSCH.
HARQ-ACK and HARQ-ACK collisions of different priorities
It has been agreed in RAN1-102e meeting that multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH is supported in Rel17. In RAN1 103e meeting, several options such as joint and separate coding were listed for multiplexing and down selection is targeted for RAN1 104e. Two categories were identified: when combined HARQ-ACK payload is 2 bits, i.e., PF 0 or PF 1 can be used for transmission and when payload is more than 2 bits for which PF 2, 3, 4 can be considered. 
Since there is no UCI encoding for PF 0 and PF 1, separate coding does not apply when payload is 2 bits. If PF0 is used, Rel-15 procedure can be followed where phase rotation of the base sequence is selected for transmission based on the bit status of low and high priority HARQ-ACK. For PF1, 2 bits of HARQ-ACK payloads are QPSK modulated and multiplied by the same base sequence of PF0, as in Rel-15. 
In our view, if LP and HP HARQ-ACKs are to be multiplexed, resultant PUCCH resource can be based on PUCCH configuration of HP HARQ-ACK codebook, i.e., only PUCCH resource IDs associated with PUCCH-config of HP codebook are considered for multiplexing so that multiplexed HARQ-ACKs are not delayed. For example, if LP HARQ-ACK is slot based and HP HARQ-ACK is sub-slot based, multiplexed HARQ-ACKs would be transmitted in a sub-slot based resource. Bits of LP and HP HARQ-ACK payloads can be concatenated and HP codebook configuration can be used for mapping the combined payload to resource.
As LP HARQ-ACK payloads can be large, partitioning of LP HARQ-ACK payload can be considered, e.g., two parts, where part 1 may be of higher priority than part 2, so that at least part 1 can be multiplexed if it is not possible to multiplex full LP HARQ-ACK payload. Alternatively, a threshold on LP HARQ-ACK payload can be considered, and if LP HARQ-ACK payload is below the threshold, it is multiplexed with HP HARQ-ACK, otherwise it is dropped. Dropped portion of the LP HARQ-ACK payload bits can be retransmitted. Re-transmission of the dropped payload bits is preferable to compression of LP HARQ-ACK payload bits since it can be more accurate. 

Proposal 3: Support joint coding of LP and HP HARQ-ACK payload bits when combined payload is more than 2 bits.
· Multiplexed HARQ-ACK payloads are transmitted using PUCCH configuration of HP codebook
· LP HARQ-ACK payload bits can be partitioned or a threshold on the payload can be considered to maintain target code rate. 
· Dropped portion of LP HARQ-ACK payload bits can be retransmitted.

Proposal 4: Use Rel-15 PF0 and PF1 transmission framework as starting point for multiplexing LP and HP HARQ-ACK payload bits when total payload is 2 bits.

Moreover, it was agreed in last meeting that for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, a mechanism for gNB to enable/disable the multiplexing is supported. In our view, a dynamic indication in DCI to enable or disable multiplexing is more flexible and allow for scenario specific handling of different overlaps. DCI triggering the HARQ-ACK may include an indication. Moreover, we think the enable/disable trigger may not only be applicable for LP and HP HARQ-ACK multiplexing but also for handling overlap between HARQ-ACK and SR of different priorities. 

Proposal 5: DCI triggering HARQ-ACK may include an indication for enabling or disabling multiplexing.
· The indication may be applicable to both HARQ-ACK/HARQ-ACK and HARQ-ACK/SR multiplexing.



HARQ-ACK and PUSCH collisions of different priorities

In RAN1 102-e, separate configurations of beta-offset values for multiplexing with different priority combinations were agreed, such as for the following
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.

For more flexible multiplexing and protecting reliability of HP HARQ-ACK or HP PUSCH, separate beta offset configurations can be used. If the UL grant includes both priority indicator and beta offset indicator field, UE identifies the correct set of beta offset values for indication in the beta offset indicator field depending on the priority indicated. Moreover, this may also depend on the priority of the HARQ-ACK being multiplexed, such as whether HP and/or LP HARQ-ACK are multiplexed. Separate encoding and beta offset values should be used for HP and LP HARQ-ACKs if they multiplexed onto the same PUSCH. In the following figure, beta offset selection based on different combinations are illustrated:

[image: ]
Figure 1: Beta offset selection for different priority combinations.
 
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. Dropped LP HARQ-ACK bits can be retransmitted. 

On the other hand, in Rel15, beta offset value less than 1 was not supported. If PUSCH is HP, beta offset entries for indication may potentially include values below 1, so that enough REs can be guaranteed for HP PUSCH transmission. As one possibility beta offset can be zero, so that UCI is dropped without multiplexing and this is essentially Rel-16 solution. 

Proposal 6: Separate encoding and beta-offset values are used for multiplexing LP and HP HARQ-ACK bits onto the PUSCH.
· LP HARQ-ACK payload bits can be partitioned or a threshold can be considered. Dropped LP HARQ-ACK bits can be retransmitted
· Beta offset value less than 1, potentially including the value zero, is supported in Rel17.

On the other hand, CG-PUSCH may include CG-UCI. However, in NR-U design, no priority of CG-UCI was considered with respect to HARQ-ACK and CG-UCI and HARQ-ACK are jointly encoded with same beta offset. In our view, CG-UCI contains important information such as HARQ-ID, etc., and is critical to the performance of CG-PUSCH in NR-U setup. Hence, CG-UCI should be considered as high priority and can be multiplexed in a similar manner as HP HARQ-ACK onto PUSCH. If HP and LP HARQ-ACKs are to be multiplexed onto CG-PUSCH which also includes CG-UCI, CG-UCI can be jointly encoded with HP HARQ-ACK with same beta offset.

Proposal 7: CG-UCI is regarded as high priority and can be multiplexed in a similar manner as HP HARQ-ACK onto PUSCH.
Proposal 8: If both HP and LP HARQ-ACK are to be multiplexed onto CG-PUSCH that includes CG-UCI, CG-UCI is jointly encoded with HP HARQ-ACK with same beta offset. 

Moreover, for HARQ-ACK multiplexing on PUSCH of different priority in R17, it was agreed in RAN1 103e that a mechanism for gNB is supported to enable/disable the multiplexing. In our view, for DG PUSCH scheduling DCI may include an indication to indicate whether multiplexing of UCI is enabled or not. For CG PUSCH, a higher layer parameter can be provided to enable/disable multiplexing. 

Proposal 9: DCI and higher layer indication can be provided to enable multiplexing of UCI onto DG PUSCH and CG PUSCH, respectively.

SR, HARQ-ACK and/or CSI collisions of different priorities

In RAN1 102e, multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations was agreed and it was FFS what PF combinations will be supported. 
In our view, HP HARQ-ACK (HP SR) and LP SR (LP HARQ-ACK) can be multiplexed onto a PUCCH resource only if the PUCCH resource carrying the multiplexed HARQ-ACKs and SR ends no later than the last symbol of the PUCCH resource of HP HARQ-ACK or HP SR. Below, collision handling for HP SR (HP HARQ-ACKs) and LP HARQ-ACK (LP SRs) is shown in Proposal 7. CSI can be dropped if its resource overlaps with HP HARQ-ACK and/or HP SR.

Proposal 10: Adopt the following tables for collision handling behavior of SR and HARQ-ACK of different priorities.


Collision handling HP SR and LP 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 HARQ-ACK and transmit SR on SR resource
	Multiplexed UCI is transmitted using PF 2 on HARQ-ACK resource or any other valid PUCCH resource based on PF 2
	Drop HARQ-ACK and transmit SR on the SR resource.

	SR with PF1
	Multiplexed UCI is transmitted using PF 0 or 1
	Multiplexed UCI is transmitted using PF 1 on SR or 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
	
	




Proposal 11: P/SP CSI is dropped if its resource overlaps with HP SR or HP HARQ-ACK.

On the other hand, in Rel-16, two-step approach was adopted when channels of different priorities overlap. UE would resolve collision of same priority first and then handle collision between the outcome of resolution in first step and channel of different priority. However, if UE supports intra-UE multiplexing across different priorities, UE may jointly consider multiplexing the channels of different priorities whenever applicable and two step approach may not be needed. Such as in the following Figure 1, where overlap of HP SR, HP HARQ-ACK, and LP HARQ-ACK are shown and this scenario was agreed to be supported in RAN1-102e. UE could consider all the overlapping UCIs together for multiplexing onto a resultant PUCCH resource, if timeline and resource constraints are satisfied, whereas according to Rel-16 two-step approach, UE would find PUCCH resource for multiplexing HP SR and HARQ-ACKs first.
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Figure 2: Resources of HP HARQ-ACK, HP SR, and LP HARQ-ACK are overlapping in a slot.

Proposal 12: When a PUCCH overlaps with more than one PUCCHs in a slot, consider one step approach for joint multiplexing of UCIs of different priorities into a PUCCH resource if UE supports intra-UE multiplexing across different priorities, instead of two step Rel-16 prioritization.

Moreover, for multiplexing UCIs of different priorities in a PUCCH in R17, it was agreed in RAN1 103e that multiplexing between different resources not confined within a sub-slot is supported if some conditions are met. In our view, HP UCI should not be delayed due to multiplexing. In order to ensure that the resultant PUCCH should be within X symbols from the last symbol of PUCCH carrying HP UCI or maybe confined within the same sub-slot of PUCCH carrying HP-UCI. 

PUCCH (PUSCH) overlapping with multiple PUSCHs (PUCCHs)

In Rel16, UE does not expect a PUSCH to be scheduled overlapping
with two sub-slot based PUCCHs in a slot, such as shown in Figure 3. However, this may be unavoidable in some cases, such as PUSCH or PUCCH may be high priority and need to be transmitted as soon as possible. In Rel17, it can be considered that UCIs from both PUCCHs are multiplexed onto the PUSCH if timeline conditions are met. Alternatively, UE could apply Rel16 prioritization rule such as UE multiplexes UCI from PUCCH onto PUSCH if they are of same priority and if there is another PUCCH that is of different priority, UE only transmits the channel with high priority and drops the channel with low priority.

                                                      [image: ]
Figure 3. A PUSCH is overlapping with two sub-slot based PUCCHs in a slot.

Proposal 13: If a PUSCH overlaps with two sub-slot based PUCCHs, multiplex the UCIs from the PUCCHs onto the PUSCH if timeline conditions are met. If timeline conditions are not met, drop the low priority channel and transmit the high priority channel. 
· FFS: whether to apply Rel16 intra-UE prioritization in this case.

Moreover, if a PUCCH overlaps with more than one PUSCHs in a slot, Rel15 specified that UCI from PUCCH is multiplexed onto the first PUSCH in the slot, that has starting symbol earliest in the slot, cf. Figure 4. In Rel17, a more flexible approach can be considered. UCI can be multiplexed onto either first or second PUSCH, depending on the priority of the involved channels. If PUCCH is of high priority, PUCCH is multiplexed onto first PUSCH if timeline conditions are met, and second PUSCH is transmitted as usual. If first PUSCH is high priority and second PUSCH is low priority, UCI from PUCCH is multiplexed onto second PUSCH if the PUCCH is of low priority.

[image: ]
Figure 4: Rel15 solutions: UCI is multiplexed onto the earliest PUSCH (first PUSCH) in the slot. Second PUSCH is the one with starting symbol after first PUSCH.

Proposal 14: If a PUCCH overlaps with two PUSCHs, following behaviors can be considered, assuming timeline conditions are met:
· If PUCCH is of high priority, PUCCH is multiplexed onto first PUSCH.
· If first (second) PUSCH is of high (low) priority, UCI from PUCCH is multiplexed onto second PUSCH if the PUCCH is of low priority.

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, such as PUCCH duration can be long and PUSCH duration can be short, and consequently coverage of PUCCH can be impacted. Moreover, if both PUCCH and PUSCHs are of high priority, e.g., both requiring high reliability and/or low latency, multiplexing them in a carrier may not beneficial for PUCCH reliability in some occasions, since a limited resource within the PUSCH can be allocated for piggybacking UL control information (UCI). 
To this end, in RAN1 102-e, it was agreed that simultaneous PUCCH and PUSCH transmission over multiple carriers is supported at least for inter-band CA. This feature may also facilitate reduced dropping of low priority transmission, in the event of overlap of low and high priority transmission across multiple carriers.

In our view, following options can be considered if there is an overlap of PUCCH and PUSCH transmissions in different carriers within a PUCCH group:
· UE may always transmit simultaneous PUSCH and PUCCH transmissions regardless of the priority of the involved PUCCH and PUSCH based on a capability.
· UE may transmit low priority PUCCH (PUSCH) in one carrier and high priority PUSCH (PUCCH) in a different carrier.  UE may only multiplex channels of same priority in one carrier, and transmit different priority channel(s) in another carrier. For example, low priority HARQ-ACK and/or CSI can be multiplexed onto an overlapping low priority PUSCH in one carrier and another overlapping high priority HARQ-ACK may be transmitted in another carrier.

We slightly prefer the second option, since this seems to be the key motivation to support the feature. UE may be configured by higher layer signaling to apply this behavior. On the other hand, If UE is configured with both simultaneous PUSCH and PUCCH transmissions over different carriers and Rel16 or Rel17 intra-UE prioritization, option of simultaneous transmissions should take precedence over the intra-UE prioritization.

Although, UE may support the feature for intra-band CA based on capability signaling, 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 15: UE can be configured to transmit low priority PUCCH (PUSCH) in one carrier and high priority PUSCH (PUCCH) in a different carrier. UE may only multiplex channels of same priority in one carrier, and transmit different priority channel(s) in another carrier.
· If UE is configured with both simultaneous PUSCH and PUCCH transmissions over different carriers and Rel16 or Rel17 intra-UE prioritization, option of simultaneous transmissions should take precedence over the intra-UE prioritization.

Observation 3: Although UE may support simultaneous transmission over different carriers for intra-band CA based on capability signaling, the scope may be limited such as simultaneous transmissions may only be possible when their durations are aligned. 

 Conclusions
In summary, we have the following list of proposals and observations:

Observation 1: It may not be feasible to define a proper cancellation timeline that is testable since it may not be feasible to externally determine the exact timing when the MAC layer delivers the corresponding MAC PDU to PHY for the HP CG PUSCH.
Observation 2: Since cancelation/prioritization is taking place at PHY, UL skipping related considerations from Rel-16 may not apply to Rel-17 PHY prioritization between HP DG PUSCH and LP CG PUSCH.

Observation 3: Although UE may support simultaneous transmission over different carriers for intra-band CA based on capability signaling, the benefit may be limited such as simultaneous transmissions may only be possible when their durations are aligned. 

Proposal 1: PHY collision handling of low priority DG PUSCH and high priority CG PUSCH is left up to UE implementation and no RAN1 specification change is necessary.
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: Support joint coding of LP and HP HARQ-ACK payload bits when combined payload is more than 2 bits.
· Multiplexed HARQ-ACK payloads are transmitted using PUCCH configuration of HP codebook
· LP HARQ-ACK payload bits can be partitioned or a threshold on the payload can be considered to maintain target code rate. 
· Dropped portion of LP HARQ-ACK payload bits can be retransmitted.

[bookmark: _GoBack]Proposal 4: Use Rel-15 PF0 and PF1 transmission framework as starting point for multiplexing LP and HP HARQ-ACK payload bits when total payload is 2 bits.
Proposal 5: DCI triggering HARQ-ACK may include an indication for enabling or disabling multiplexing.
· The indication may be applicable to both HARQ-ACK/HARQ-ACK and HARQ-ACK/SR multiplexing.

Proposal 6: Separate encoding and beta-offset values are used for multiplexing LP and HP HARQ-ACK bits onto the PUSCH.
· LP HARQ-ACK payload bits can be partitioned or a threshold can be considered. Dropped LP HARQ-ACK bits can be retransmitted
· Beta offset value less than 1, potentially including the value zero, is supported in Rel17.

Proposal 7: CG-UCI is regarded as high priority and can be multiplexed in a similar manner as HP HARQ-ACK onto PUSCH.
Proposal 8. If both HP and LP HARQ-ACK are to be multiplexed onto CG-PUSCH that includes CG-UCI, CG-UCI is jointly encoded with HP HARQ-ACK with same beta offset. 
Proposal 9: DCI and higher layer indication can be provided to enable multiplexing of UCI onto DG PUSCH and CG PUSCH, respectively.

Proposal 10: Adopt the following tables for collision handling behavior of SR and HARQ-ACK of different priorities.

Collision handling HP SR and LP 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 HARQ-ACK and transmit SR on SR resource
	Multiplexed UCI is transmitted using PF 2 on HARQ-ACK resource or any other valid PUCCH resource based on PF 2
	Drop HARQ-ACK and transmit SR on the SR resource.

	SR with PF1
	Multiplexed UCI is transmitted using PF 0 or 1
	Multiplexed UCI is transmitted using PF 1 on SR or 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
	
	



Proposal 11: P/SP CSI is dropped if its resource overlaps with HP SR or HP HARQ-ACK.
Proposal 12: When a PUCCH overlaps with more than one PUCCHs in a slot, consider one step approach for joint multiplexing of UCIs of different priorities into a PUCCH resource if UE supports intra-UE multiplexing across different priorities, instead of two step Rel-16 prioritization.
Proposal 13: If a PUSCH overlaps with two sub-slot based PUCCHs, multiplex the UCIs from the PUCCHs onto the PUSCH if timeline conditions are met. If timeline conditions are not met, drop the low priority channel and transmit the high priority channel. 
· FFS: whether to apply Rel16 intra-UE prioritization in this case.
Proposal 14: If a PUCCH overlaps with two PUSCHs, following behaviors can be considered, assuming timeline conditions are met:
· If PUCCH is of high priority, PUCCH is multiplexed onto first PUSCH.
· If first (second) PUSCH is of high (low) priority, UCI from PUCCH is multiplexed onto second PUSCH if the PUCCH is of low priority.
Proposal 15: UE can be configured to transmit low priority PUCCH (PUSCH) in one carrier and high priority PUSCH (PUCCH) in a different carrier. UE may only multiplex channels of same priority in one carrier, and transmit different priority channel(s) in another carrier.
· If UE is configured with both simultaneous PUSCH and PUCCH transmissions over different carriers and Rel16 or Rel17 intra-UE prioritization, option of simultaneous transmissions should take precedence over the intra-UE prioritization.
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