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Introduction
The RAN WG approved work item on URLLC/IIoT enhancements in [1]. The work item includes the following objective for intra-UE multiplexing and prioritization:
	Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
1. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
1. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 



In this contribution, we express our views on Intra-UE prioritization and multiplexing.
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

If the prioritization between low priority (LP) DG and high priority (HP) CG PUSCH is performed in MAC, then such CG-DG overlaps can be supported. For this, it is necessary that the MAC PDU for the HP CG PUSCH is available from the multiplexing and assembly entity at least Tproc,2+d1 before the start of the LP DG PUSCH, and thus MAC will ignore the LP DG PUSCH UL grant.
If the prioritization between LP DG and HP CG PUSCH is performed in PHY, it may not be feasible with cancelation timelines we have agreed so far 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. However, establishing a timeline for such a trigger in PHY specs may not be feasible. On the other hand, the UE would still need some minimum time to cancel the LP DG PUSCH. From RAN1 spec perspective, it may not be possible to guarantee that the UE can perform the cancelation of the DG PUSCH in the PHY (although it is aware of the CG PUSCH occasion a priori) if it receives the transport block from MAC such that it still has Tproc,2+d1 time to cancel the DG PUSCH at least latest from the first overlapping symbol.
In summary, we have the following observations and proposals regarding this collision:

Observation 1: It is infeasible to define proper cancellation timeline since it is not certain when the MAC 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 not supported

Collision of Low priority CG PUSCH and high priority DG PUSCH

In our view, it is possible to define PHY prioritization between LP CG and HP DG PUSCH. At least, Rel-15 CG-DG overriding behavior should be preserved when CG PUSCH is LP and DG PUSCH is HP. 
In particular, 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 +d2 and time between end of the PDCCH with the UL grant and start of the CG PUSCH (LP) is Tproc,2 + d1, PHY prioritization can be performed.
However, it should also be noted that this procedure of replacing one PUSCH with another in case of partial cancelation of the CG PUSCH would likely demand high UE complexity. Nonetheless, we are open to consider defining a new UE capability to support partial cancellation of LP CG PUSCH when it overlaps with HP DG PUSCH. We have the following proposal in this regard.

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+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG PUSCH.
· 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 𝑁2 symbols before the beginning of symbol 𝑗. 

HARQ-ACK and HARQ-ACK collisions of different priorities

According to Rel-16, HP HARQ-ACK is prioritized and LP HARQ-ACK is dropped when their respective resources overlap. However, always dropping LP HARQ-ACK, which may potentially carry eMBB HARQ-ACKs with respect to PDSCHs over one or more carriers, may significantly degrade system throughput. On the other hand, always multiplexing LP HARQ-ACK, e.g., regardless of payload, with HP HARQ-ACK may compromise the reliability of HP HARQ-ACK transmission. Hence, a solution should be targeted to achieve a balanced trade-off.
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.

Proposal 3: Further study solution for multiplexing HP and LP HARQ-ACK bits so that a balanced trade-off can be achieved regarding the reliability and latency requirements of HP HARQ-ACK and system spectral efficiency. Consider the following as a starting point:
· Multiplexed HARQ-ACK payloads are transmitted using PUCCH configuration of HP codebook
· LP and HP HARQ-ACK payload bits are concatenated in bit domain
· LP HARQ-ACK payload bits can be partitioned or a threshold on the payload can be considered to determine multiplexing rules. 

HARQ-ACK and PUSCH collisions of different priorities

According to Rel-16, HP HARQ-ACK (HP PUSCH) is prioritized and LP PUSCH (LP HARQ-ACK) is dropped when their respective resources overlap. However, always dropping LP HARQ-ACK (LP PUSCH), which may potentially carry eMBB HARQ-ACKs (UL eMBB data of one or more CBGs) respectively, may significantly degrade system throughput. On the other hand, always multiplexing LP HARQ-ACK (LP PUSCH), e.g., regardless of payload and/or duration, with HP PUSCH (HP HARQ-ACK) may compromise the reliability and/or latency of HP HARQ-ACK or HP PUSCH transmission. Hence, a solution should be targeted to achieve a balanced trade-off.
In our view, separate beta offset values can be configured for different priority levels. If PUSCH is of high priority, a first set of beta offset values is used, whereas if PUSCH is of low priority, a second set of beta offset values is used for UCI multiplexing onto PUSCH. For example, if PUSCH is HP, beta offset entries for indication may potentially include values below 1, so that sufficient 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. 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. For CG-PUSCH, appropriate beta offset values can be configured depending on the priority level of PUSCH. 
On the other hand, RAN1 needs to discuss whether CG PUSCH including CG-UCI is included in the scope of intra-UE prioritization and multiplexing. If yes, relative priority of CG-UCI with respect to HP or LP HARQ-ACK need to be discussed so that multiplexing and dropping behavior can be developed accordingly.

Proposal 4: For UCI multiplexing onto PUSCH, different sets of beta offset values can be configured for high and low priority.

Proposal 5: RAN1 to confirm in #102-e meeting whether CG PUSCH including CG-UCI is included in the scope of intra-UE prioritization/multiplexing objectives.


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

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 6. CSI can be dropped if its resource overlaps with HP HARQ-ACK and/or HP SR.

Proposal 6: 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 7: 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, 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.

[image: ]
Figure 1: Resources of HP HARQ-ACK, HP SR, and LP HARQ-ACK are overlapping in a slot.

Proposal 8: Instead of two step approach, consider joint multiplexing of UCIs of different priorities into a PUCCH resource if UE supports intra-UE multiplexing across different priorities.

Conclusions
[bookmark: _GoBack]In summary, we have the following list of proposals and observations:

Observation 1: It is infeasible to define proper cancellation timeline since it is not certain when the MAC 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 not supported

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+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG PUSCH.
· 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 𝑁2 symbols before the beginning of symbol 𝑗. 

Proposal 3: Further study solution for multiplexing HP and LP HARQ-ACK bits so that a balanced trade-off can be achieved regarding the reliability and latency requirements of HP HARQ-ACK and system spectral efficiency. Consider the following as a starting point:
· Multiplexed HARQ-ACK payloads are transmitted using PUCCH configuration of HP codebook
· LP and HP HARQ-ACK payload bits are concatenated in bit domain
· LP HARQ-ACK payload bits can be partitioned or a threshold on the payload can be considered to determine multiplexing rules. 

Proposal 4: For UCI multiplexing onto PUSCH, different sets of beta offset values can be configured for high and low priority.

Proposal 5: RAN1 to confirm in #102-e meeting whether CG PUSCH including CG-UCI is included in the scope of intra-UE prioritization/multiplexing objectives.

Proposal 6: 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 7: P/SP CSI is dropped if its resource overlaps with HP SR or HP HARQ-ACK.

Proposal 8: Instead of two step approach, consider joint multiplexing of UCIs of different priorities into a PUCCH resource if UE supports intra-UE multiplexing across different priorities.
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