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1 Introduction
In WID [1], the following objective was agreed:
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. 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, our preliminary views on intra-UE multiplexing and prioritization are discussed.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on Intra-UE multiplexing and prioritization
[bookmark: OLE_LINK69]Rel-16 URLLC basically targets to specify multiplexing and prioritization behavior for different priority channels. Unfortunately, due to time limits in Rel-16 URLLC WI, multiplexing behavior of uplink channels with different priorities is not specified and postponed to Rel-17 IIoT/URLLC WI. To prevent duplicate debates, Rel-17 IIoT/URLLC WI needs to take the discussion in Rel-16 into account. In Rel-16, companies were requested to fill out the following tables on whether to support to multiplex or prioritize uplink channels with different priorities [2]. 
Table 1. Multiplexing behavior for UL channels with different priorities.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Scenario-01
	
	
	

	CSI
	Scenario-02
	Scenario-03
	
	

	URLLC PUSCH
	Scenario-04
	Scenario-05
	Scenario-06
	

	eMBB SR
	Scenario-07
	Scenario-08
	Scenario-09
	Scenario-10

	eMBB HARQ-ACK
	Scenario-11
	Scenario-12
	Scenario-13
	Scenario-14

	eMBB PUSCH
	Scenario-15
	Scenario-16
	Scenario-17
	Scenario-18



· Proposal 1. Rel-17 IIoT/URLLC WI on multiplexing behavior of uplink channels with different priorities should take the discussion in Rel-16 into account. 
· 18 scenarios in Table 1 [2] as a starting point

 In table 1, 18 scenarios are defined according to uplink channel types and priorities. Before discussing each scenario in detail, it seems beneficial to summarize Rel-16 prioritization first. Table 2 provides a summary of Rel-16 prioritization rules. Some key points are as follows: 
1) For collision of two channels with different priorities, a UE transmits higher-priority channel and drop low-priority channel regardless of channel types or UCI types (scenarios 7, 8, 10, 11, 12, 14, 15, 16, 18)
2) For collision of two channels with same priorities, reuse multiplexing rules as defined in Rel-15. No new multiplexing rules in Rel-16 (scenarios 1, 5) 

Table 2. Summary of prioritization behaviour specified in Rel-16
	
	High-priority SR
	High-priority HARQ-ACK
	High-priority CSI
	High-priority PUSCH

	High-priority SR
	
	
	
	

	High-priority HARQ-ACK
	Multiplexing same as Rel-15
	
	
	

	High-priority CSI
	No UE behaviors
	No UE behaviors
	
	

	High-priority PUSCH
	No event
	Multiplexing same as Rel-15
	No UE behaviors
	

	Low-priority SR
	URLLC SR prioritizes eMBB SR
	URLLC HARQ-ACK prioritizes eMBB SR
	No UE behaviors
	URLLC PUSCH prioritizes eMBB SR

	Low-priority HARQ-ACK
	URLLC SR prioritizes eMBB HARQ-ACK
	URLLC HARQ-ACK prioritizes eMBB HARQ-ACK
	No UE behaviors
	URLLC PUSCH prioritizes eMBB HARQ-ACK

	Low-priority PUSCH
	URLLC SR prioritizes eMBB PUSCH
	URLLC HARQ-ACK prioritizes eMBB PUSCH
	No UE behaviors
	URLLC PUSCH prioritizes eMBB PUSCH



It should be noted that TS38.213 does not specify collision with a PUCCH of higher priority with CSI (scenarios 2, 3, 6, 9, 13, 17). Also, a collision between SR with high-priority and PUSCH with high-priority is not handled in RAN1 specifications (scenario 4). 
· Observation 1. In Rel-16 URLLC, the followings are observed:
· For collision of two channels with different priorities, a UE transmits higher-priority channel and drop low-priority channel regardless of channel types or UCI types (scenarios 7, 8, 10, 11, 12, 14, 15, 16, 18)
· For collision of two channels with same priorities, reuse multiplexing rules as defined in Rel-15. No new multiplexing rules in Rel-16 (scenarios 1, 5) 


HARQ-ACK with low-priority colliding with UL channels with high-priority (scenario 11, 12, 14)
In Rel-16, HARQ-ACK with low-priority is dropped whenever it overlaps with an UL channel with high priority. Consider the case where the HARQ-ACK codebooks include HARQ-ACK information for tens of PDSCHs. If the HARQ-ACK codebook is dropped, then gNB would reschedule and retransmits the tens of PDSCHs. In Rel-17, at least HARQ-ACK dropping issues should be resolved. Our companion contribution discusses the HARQ-ACK dropping issues and potential solutions without multiplexing [3]. However, the potential solutions still have some drawback in terms of downlink control overhead and uplink control overhead. Therefore, if multiplexing low-priority HARQ-ACK with high-priority UL channel is supported, the HARQ-ACK dropping issues may be resolved without any complicated solutions. 
When multiplexing the low-priority HARQ-ACK with high-priority UL channel, the baseline can be Rel-15 multiplexing rule. If Rel-15 multiplexing rule is reused in this case, the latency and reliability are needed to be further considered in some scenarios. For example, in scenario 11, consider that PF1 for low-priority HARQ-ACK colliding with PF0 with high-priority SR. In Rel-15/16, multiplexing of PF1 and PF0 is not defined. Also, when PF0 for low-priority HARQ-ACK collides with two PF0 with high-priority SR, similarly as in the previous case, Rel-15/16 does not provide multiplexing rules for this case. Thus, RAN1 needs to further study on how to multiplex and how to ensure reliability and latency of UL channels with high priority.  
· Proposal 2. Support multiplexing of low-priority HARQ-ACK with high-priority UL channels.
· FFS: how to ensure reliability and latency of UL channels with high priority

SR with low-priority colliding with UL channels with high-priority (scenario 7, 8, 10)
Contrary to HARQ-ACK dropping where network should reschedule/retransmits corresponding PDSCHs, the impact on SR dropping is relatively marginal from the system perspective. In addition, there are alternative ways to transmit the dropped SR without specifying multiplexing rules. For example, if a UE is configured with high-priority SR, then the UE uses SR with high-priority to notify scheduling request. Alternatively, when a UE is configured with low-priority SR having a short periodicity, the low-priority SR can be dropped by using the next SR occasion with a small delay. Thus, the delay due to SR dropping could be acceptable and delay-tolerant service can be also provided seamlessly. It should be noted that uplink overhead of SR with a short periodicity is not a big deal because it occupies one CS in PF0 or one OCC in PF1 within 1 PRB. 
· Observation 2. Impact on SR dropping is marginal from system perspective and there are alternative ways to transmit the dropped SR without specifying multiplexing rules.
· Proposal 3. Advantage of multiplexing low-priority SR with high-priority UL channel is not justified. 

PUSCH with low-priority colliding with UL channels with high-priority (scenario 15, 16, 18)
Similarly as in SR dropping, impact on dropping of PUSCH with low priority is marginal from system perspective. The difference is that the PUSCH with low priority may include HARQ-ACK information of the same priority. As mentioned earlier, HARQ-ACK dropping is an issue to be addressed and similarly, the dropping of PUSCH containing HARQ-ACK information is an issue to be resolved. Another difference is that if PUSCH with low priority is dropped, gNB needs to schedule the dropped PUSCH again, which results in DL control channel overhead. Therefore, it would be beneficial to support multiplexing of PUSCH with low-priority and UL channel with high priority. 
 When multiplexing between PUSCH with low-priority and UL channel with high priority, the baseline can be Rel-15 multiplexing rule. But, Rel-15 multiplexing rule does not cover multiplexing between two PUSCHs. Also, Rel-15 multiplexing rule does not cover PUSCH multiplexing with two same types of UCIs. For example, consider the case that PUSCH with low priority includes HARQ-ACK with low priority overlapping with another HARQ-ACK with high priority. In this case, two HARQ-ACKs are needed to be mapped in a PUSCH. 
· Proposal 4. Support multiplexing between PUSCH with low priority and UL channel with high priority.
· Further study how to map UCI with high priority and UCI with low priority in the PUSCH with low priority

3 Conclusion
In this contribution, intra-UE multiplexing and prioritization were discussed, and the following was proposed:
· Observation 1. In Rel-16 URLLC, the followings are observed:
· For collision of two channels with different priorities, a UE transmits higher-priority channel and drop low-priority channel regardless of channel types or UCI types (scenarios 7, 8, 10, 11, 12, 14, 15, 16, 18)
· For collision of two channels with same priorities, reuse multiplexing rules as defined in Rel-15. No new multiplexing rules in Rel-16 (scenarios 1, 5) 
· Observation 2. Impact on SR dropping is marginal from system perspective and there are alternative ways to transmit the dropped SR without specifying multiplexing rules.
· Proposal 1. Discussions in Rel-17 IIoT/URLLC WI on multiplexing behavior of uplink channels with different priorities should be taken discussion in Rel-16 into account. 
· 18 scenarios in Table 1 [2] as a starting point
· Proposal 2. Support multiplexing of HARQ-ACK with low priority with UL channels with high priority.
· Further study how to ensure reliability and latency of UL channels with high priority
· Proposal 3. Advantage of multiplexing of SR with low priority and UL channel with high priority is not justified. 
· Proposal 4. Support multiplexing between PUSCH with low priority and UL channel with high priority.
· Further study how to map UCI with high priority and UCI with low priority in the PUSCH with low priority
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