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1. Introduction

In RAN1#97 meeting, the discussion on intra-UE UL collision related to UCI enhancements for URLLC was triggered. The table below was used to collect companies’ views and solutions on this aspect until RAN1#98.

Conclusion:

Further study the collision scenarios in the table below:
· Companies are encouraged to fill in solutions, e.g. multiplexing, priorization, for each scenario.
· A company can input “not related to RAN1” in one entry.
· A company can input the priority of study for one entry.
· Consider R15 as the starting point for collisions between two URLLC UCIs.
· FFS: Collision between more than two channels.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	
	
	
	

	CSI
	
	
	
	

	URLLC PUSCH
	
	
	
	

	eMBB SR
	(Example):
Drop eMBB SR
	
	
	

	eMBB HARQ-ACK
	
	
	
	

	eMBB PUSCH
	
	
	
	


In this summary, companies’ inputs to the table are collected in Section 2. And in Section 3, detailed analysis and solutions from companies for each scenario are summarized.

The collision scenarios in the table were named as below, for a convenient reference.

	
	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


2. Companies’ inputs to the table
2.1. DOCOMO

Handling for collision cases
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rule as baseline. 
	
	
	

	CSI
	Drop CSI 
	Drop CSI
	
	

	URLLC PUSCH
	Reuse Rel-15 rule, drop SR


	MUX HARQ-ACK in PUSCH same as in Rel-15 when timeline is satisfied; otherwise drop the HARQ-ACK (different from Rel.15 that when timeline is not satisfied, it is treated as error case).
	Reuse Rel-15 rule as baseline. (introduce new Beta_offset values)
	

	eMBB SR
	Drop eMBB SR
	Reuse Rel-15 multiplexing rule as baseline.
	Reuse Rel-15 rule.
	Reuse Rel-15 rule, drop SR.

	eMBB HARQ-ACK
	Reuse Rel-15 multiplexing rule for all SR and HARQ-ACK collision cases except for eMBB HARQ-ACK with PF1 vs URLLC SR with PF0. For such case, drop eMBB HARQ-ACK.
	Whether multiplexing URLLC HARQ-ACK and eMBB HARQ-ACK in one PUCCH can be controlled by gNB or can be determine by UE with pre-defined rule.
	Reuse Rel-15 rule.


	When timeline is satisfied, multiplex eMBB HARQ-ACK on URLLC PUSCH with suitable 
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 configured/indicated by NW, otherwise drop eMBB HARQ-ACK. 

	eMBB PUSCH
	Multiplexing URLLC SR (both negative and positive) in eMBB PUSCH by rate-matching.
	Piggyback URLLC HARQ-ACK on eMBB PUSCH when timeline is satisfied, otherwise drop the eMBB PUSCH.
	Reuse Rel-15 rule
	Once the two PUSCHs with either resource collision or out-of-order are delivered to PHY layer, PHY layer should handle it.

For collision case, PHY should stop the  transmission of PUSCH with lower priority assuming the priority for PUSCH is ‘known’ in PHY layer.

About OOO case, it is better to be discussed in processing timeline session. 


2.2. Qualcomm

In our view, RAN1 should streamline the standardization effort by determining a set of principles for intra-UE multiplexing/prioritization and designing the multiplexing/prioritization rules based on these principles. Below are a set of principles that we propose with some brief discussion on the motivation after each proposal. 

Proposal 1: For the case of a high-priority channel colliding with a low-priority channel 

· The low priority channel should be dropped, on and after the overlapping OFDM symbols 

· This dropping rule is applicable to both PUCCH and PUSCH, and is applicable to all the content/payload of the uplink channels.
· It should be noted that if the channels of different priorities need to be multiplexed, then a variety of issues concerning latency (e.g., piggybacking based on the length of the transmission or PUCCH format) and reliability (whether URLLC UCI can be sent on eMBB channel and vice versa, how to compress eMBB UCI, how to encode URLLC and eMBB UCI, how to align the UCI size between the UE and gNB,etc) should be discussed. Hence, given the limited number of TUs remained for this WI in this release, we prefer to adopt a simple solution.

· Drop without resume should be supported

· Note that the UE behavior in terms of dropping can be different from the ULPI scenario; in ULPI, there is no transmission from the eMBB UE during the pre-empted symbols; whereas in intra-UE multiplexing, there are URLLC transmission for the same UE in the overlapping symbols, and as a result, the UE cannot maintain phase coherence on the two sides of the eMBB transmission.  

· Timeline requirement should be revisited

· When checking timeline for channels of different priorities, the eMBB channels does not need to meet the URLLC timeline. The rationale here is to reduce the URLLC scheduling latency. More precisely, for multiplexing different channels, the multiplexing timeline should be satisfied. To guarantee that, the URLLC transmission may need to be delayed. Further, if the multiplexing happens only when possible, the operation becomes opportunistic with unclear performance gains.

· Note that, this is in contrast with the Rel-15 approach, in which all channels involved in a collision should satisfy the same set of timeline requirements. 

Proposal 2: In case more than two uplink channels collide:

· The channels shall be grouped based on their respective priorities first, i.e., collisions are first resolved within each group of channels with the same priority, and then solved between channels in different groups according to Proposal 1.

Proposal 3: For the case of collision between channels of the same priority, reuse the same Rel-15 multiplexing rule, including the timeline checking. More specifically, if channels of the same priority are colliding, and the multiplexing timeline is not satisfied, the UE can consider this event as an error.

Proposal 4: To determine the priority of the CSI transmission: 

· P-CSI has lower priority than all URLLC uplink channels (including SR, HARQ-ACK, and PUSCH) 

· For intra-UE multiplexing, the A-CSI carried on the PUSCH has the same priority as that of the corresponding PUSCH grant. In other words, the priority of the A-CSI is determined based on the PHY layer indication used for triggering the uplink grant 

Proposal 5: The priority of grant-based transmissions (PUSCH and HARQ-ACK) should be indicated at the PHY layer 

· We explain in more details in our response below why MAC-based priority indication for PUSCH is not preferable. 

· Another option that was discussed for priority indication is the scheduling timeline, i.e., the last triggered channel has the highest priority. This approach, however, does not provide full functionality. As an example, if PUCCH carrying HARQ-ACK and PUSCH are overlapping, it is not possible to determine based on the scheduling timeline whether they have the same priority or different priority. 

Proposal 6: When the lower priority channel is dropped, then the minimum processing timing of the higher priority channel can be extended by d symbols. This timeline extension, if needed, should be kept as small as possible. 

Proposal 7: The scenarios mentioned in the table are all in the scope of RAN1 work. This is due to the fact that for collision handling, the multiplexing decisions are made at the PHY layer, which in turn, impact which channels should be transmitted or dropped. The MAC layer cannot by itself decide whether a channel should be sent or not. 

· As an example, a high priority PUCCH may overlap with a low priority PUSCH. The MAC layer cannot decide to block the PUSCH transmission since it may happen that the high priority PUCCH will be multiplexed onto a high priority PUSCH; the two PUSCHs are not overlapping. Such information is only available at the PHY layer.

We should also emphasize that we interpret eMBB and URLLC (as mentioned in the table) as the priority of the PHY layer channels. The actual data on the channels is not the metric for deciding whether to multiplex or drop. Note, however, that in general, the MAC decision and the PHY indicated priorities should be aligned if the LCH restrictions are configured appropriately.

Based on the above principles, we propose the following intra-UE multiplexing/prioritization rules for the different collision cases. Furthermore, as stated in Proposal 4, for collision involving CSI, we focus below on the P-CSI, since A-CSI on PUSCH will be treated the same as PUSCH without A-CSI.  

	 
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	 
	 
	 
	 

	URLLC HARQ-ACK
	Reuse Rel-15 rule (i.e., multiplex HARQ-ACK with SR) including the timeline checking.
	 
	 
	 

	CSI
	Drop the P-CSI if URLLC SR is positive. Transmit P-CSI if it is negative.
	 Drop the P-CSI. The URLLC PDSCH does not need to be N1 symbols before the start of P-CSI.
	 
	 

	URLLC PUSCH
	Reuse Rel-15 rule (i.e., drop SR) including timeline checking.
	Reuse Rel-15 rule (i.e., piggyback HARQ-ACK on PUSCH) including timeline checking. 
	 Drop the P-CSI. The URLLC UL grant does not need to be N2 symbols before the start of the P-CSI.  
	 

	eMBB SR
	Up to the UE to determine which SR to transmit. Base station should avoid configuring URLLC SR on format 0 and eMBB SR on format 1 at the same time since there is no use case. Base station should also avoid configuring eMBB and URLLC SR to start from different symbols that partially overlap. 
	Drop the eMBB SR (if transmitting), on and after the overlapping part. 

The URLLC PDSCH does not need to be N1 symbols before the start of the eMBB SR. 
	Reuse Rel-15 rule (i.e., multiplex SR on the CSI resource). 
	Drop eMBB SR (if transmitted), on and after the overlapping parts. 

The URLLC UL grant does not need to be N2 symbol before eMBB SR. 



	eMBB HARQ-ACK
	Drop eMBB HARQ-ACK on and after the overlapping part if URLLC SR is positive. 

Transmit eMBB HARQ-ACK if URLLC SR is negative. 
	Drop eMBB HARQ-ACK, on and after the overlapping part.  The URLLC PDSCH does not need to be N1 symbols before the start of the eMBB SR. 
	Reuse the Rel-15 rule, i.e., multiplex the eMBB HARQ-ACK and CSI. 
	Drop the eMBB HARQ-ACK, on and after the overlapping portion. 

	eMBB PUSCH
	Drop eMBB PUSCH on and after the overlapping part, when URLLC SR is positive. Transmit PUSCH if URLLC SR is negative.    
	Drop the eMBB PUSCH on and after the overlapping part. The URLLC PDSCH does not need to be N1 symbols before the start of eMBB PUSCH.    
	 Reuse Rel-15 rule, i.e., multiplex the P-CSI on the PUSCH if there is no A-CSI on PUSCH; otherwise drop P-CSI and transmit the eMBB PUSCH with A-CSI. 
	Drop eMBB PUSCH on and after the overlapping portion. The priority of the PUSCHs is “indicated by” the PHY-layer mechanism. (In response to Q14-1, we provide the details to justify why the priority of a PUSCH should be indicated by the PHY layer.) 


2.3. vivo

Regarding handling the intra-UE UL collision related to UCI enhancements for URLLC, there are some aspects that need to be taken into account.

1) Determination of the priority of UCI/PUSCH should be supported in RAN1, i.e. PHY identification for identifying the UCI or PUSCH. 

2) In our view, multiplexing of eMBB UCI and URLLC transmission can be considered. The motivation is to make best effort for ensuring eMBB UCI transmission such that the performance of eMBB is not impacted severely. Especially when contiguous URLLC traffic may be scheduled on a consecutive time, dropping or preventing eMBB UCI transmission would result in performance degradation. Therefore, multiplexing eMBB and URLLC transmission is suggested.

· When multiplexing of eMBB UCI and URLLC UCI, the transmission power on the multiplexed resource needs to be determined, e.g. transmission power for URLLC is adopted to guarantee URLLC performance.

· When multiplexing of eMBB and URLLC, the timeline should be discussed, e.g. shorter multiplexing timeline than Rel-15 can be considered.

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rule as baseline. 
	
	
	

	CSI
	Before UE transmits CSI PUCCH, if negative URLLC SR, UE transmits CSI. 

If positive URLLC SR, UE drops CSI and transmits SR.
During UE transmitting CSI PUCCH, UE transmit SR and cancel remaining CSI transmission or puncture CSI PUCCH.
	Alt1: URLLC HARQ-ACK and CSI are multiplexed on URLLC HARQ-ACK PUCCH resource.
Alt 2: URLLC HARQ-ACK is transmitted and CSI is cancelled or punctured by URLLC HARQ-ACK.


	
	

	URLLC PUSCH
	Rel-15 mechanism is reused
	Rel-15 mechanism can be reused as baseline. 
	Alt 1: If timeline is satisfied, CSI is multiplexed on URLLC PUSCH (considering betaoffset <1) ; otherwise, drop CSI.

Alt 2: Drop CSI, only transmit URLLC PUSCH


	

	eMBB SR
	To be discussed by RAN2 if necessary.
	Rel-15 mechanism can be baseline, i.e. multiplexing SR and HARQ-ACK.

Further discuss the impact of reliability of URLLC HARQ-ACK in case of eMBB SR with multiple bits multiplexing on URLLC HARQ-ACK resource.
	Rel-15 mechanism is reused
	UE is scheduled with a URLLC PUSCH colliding with eMBB SR, drop eMBB SR and URLLC PUSCH is transmitted.



	eMBB HARQ-ACK
	Alt 1: Drop eMBB HARQ-ACK and transmit URLLC SR
Alt.2: Multiplex eMBB HARQ-ACK and URLLC SR, considering eMBB HARQ-ACK PUCCH format and multiplexing resource.

	eMBB HARQ-ACK and URLLC HARQ-ACK bits can be multiplexed if colliding.

 
	For CSI on PUCCH, Rel-15 mechanism can be reused.
	eMBB HARQ-ACK is multiplexed on URLLC PUSCH if timeline is satisfied.


	eMBB PUSCH
	Alt 1: When URLLC SR is positive, URLLC SR is transmitted and the total or partial eMBB PUSCH is dropped. Otherwise, eMBB PUSCH is transmitted.  

Alt 2:SR is multiplexed on eMBB PUSCH

	If multiplexing timeline is satisfied, URLLC HARQ-ACK is multiplexed on eMBB PUSCH.

If multiplexing timeline is not satisfied, drop eMBB PUSCH


	Rel-15 mechanism can be reused
	This scenario is discussed on another agenda.   


2.4. InterDigital

For the handling of overlap between URLLC data/HARQ-ACK/SR and other transmissions (eMBB or CSI) the following general principle is applied: multiplexing on a single transmission is performed if the latency and reliability of URLLC is not compromised (and there is enough processing time); otherwise the lower priority transmission is dropped.

For the identification of priority (e.g. URLLC vs eMBB) of a transmission, the following are proposed:

· For HARQ-ACK, the priority is indicated by the DCI scheduling corresponding PDSCH;

· For SR, the priority is explicitly configured as part of the corresponding SR configuration;

· For PUSCH (data), the priority is indicated by the scheduling DCI.

For SR, explicit RRC configuration of the priority is preferable to using the LCH priority since the number of priority levels for LCH (16) exceeds the number of priority levels required at the physical layer (e.g. 2). For PUSCH, priority indication by DCI is preferable to using the LCH priority of included data, otherwise the priority of PUSCH is not known with certainty prior to decoding at the network side.

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse R15 rules
	
	
	

	CSI
	Drop CSI if SR is positive and resource for SR overlaps with PUCCH resource for CSI.

If CSI multiplexed on PUSCH, follow same rule as for SR overlapping with PUSCH
	Drop CSI if resource for HARQ-ACK overlaps with PUCCH resource for CSI.

If CSI multiplexed on PUSCH, follow same rule as for HARQ-ACK overlapping with PUSCH.
	
	

	URLLC PUSCH
	Reuse R15 rules
	Reuse R15 rules
	Multiplex CSI in PUSCH


	

	eMBB SR
	Drop eMBB SR if URLLC SR is positive
	Reuse R15 rules at least if URLLC HARQ-ACK is on PF2, PF3 or PF4, otherwise drop SR
	Reuse R15 rules
	Drop eMBB SR

	eMBB HARQ-ACK
	Drop HARQ-ACK
	Multiplex eMBB and URLLC HARQ-ACK on PUCCH resource indicated for URLLC if a maximum code rate applicable to URLLC is not exceeded, otherwise drop eMBB HARQ-ACK. 
	Reuse R15 rules
	Multiplex HARQ-ACK in PUSCH. 

	eMBB PUSCH
	Multiplex SR on PUSCH if the following conditions are satisfied, otherwise drop PUSCH at least for the overlapping portion when SR is positive:

-PUSCH does not start earlier or end later than the applicable PUCCH resource for the SR

-Number of coded modulation symbols per layer Q’SR would be less than a threshold
	Multiplex HARQ-ACK on PUSCH if following conditions are satisfied, otherwise drop PUSCH at least for the overlapping portion:

-PUSCH does not start earlier or end later than PUCCH resource for HARQ-ACK of URLLC 

-Number of coded modulation symbols per layer Q’ACK would be less than a threshold
	Reuse R15 rules
	Drop eMBB PUSCH at least for the overlapping portion


2.5. ZTE
· In case of collision between channels of different priorities, the channels could be multiplexed together as long as the high priority traffic is not delayed due to the multiplexing. Compared to simply dropping the low priority traffic, this could avoid performance deterioration of low priority traffic in some cases. More specifically, 
· for UCI vs. UCI, or UCI vs. PUSCH, define a new timeline for multiplexing e.g., the ending symbol of the chosen PUCCH/PUSCH resource for transmission is no later than the ending symbol of the channel with high priority. If the Rel-15 timeline and the new timeline are satisfied, reuse Rel-15 rules for multiplexing, otherwise drop the low priority channel. With an exception for the cases in which SR is dropped in Rel-15, 
· for the cases of SR vs. PUSCH, or SR in PUCCH format 0 vs. HARQ-ACK in PUCCH format 1, 
· if SR has low priority, drop SR. 
· if SR has high priority, drop the low priority channel when SR is positive, otherwise drop SR. 
· for the case of eMBB SR vs URLLC SR, 
· eMBB SR is dropped when URLLC SR is positive, otherwise, eMBB SR is transmitted when eMBB SR is positive. 

· In case of collision between channels of the same priority, reuse the same Rel-15 multiplexing rules, including the timeline checking. 

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rules 

	
	
	

	CSI
	If the ending symbol of PUCCH resource for CSI is no later than the ending symbol of the PUCCH for SR, reuse Rel-15 rules for multiplexing, otherwise drop CSI. 

	If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop CSI.
	
	

	URLLC PUSCH
	Reuse Rel-15 rule, drop SR


	Reuse Rel-15 rules 
	Reuse Rel-15 multiplexing rule with introducing a beta_offset of zero for this case. 
	

	eMBB SR
	eMBB SR is dropped when URLLC SR is positive, otherwise, eMBB SR is transmitted when eMBB SR is positive. 
	If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB SR.
	Reuse Rel-15 rule 
	Reuse Rel-15 rule, drop SR.

	eMBB HARQ-ACK
	In case of SR in PUCCH format 0 vs. HARQ-ACK in PUCCH format 1,  drop eMBB HARQ-ACK when SR is positive, otherwise drop SR. 

For other cases, if the ending symbol of the chosen PUCCH resource for transmission is no later than the ending symbol of the channel for URLLC SR, reuse Rel-15 rules for multiplexing, otherwise drop eMBB HARQ-ACK. 

	If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB HARQ-ACK.
	Reuse Rel-15 rule

	Reuse Rel-15 multiplexing rule with introducing a beta_offset of zero for this case. 


	eMBB PUSCH
	Drop eMBB PUSCH on the overlapping symbols without resuming when URLLC SR is positive. Transmit PUSCH if URLLC SR is negative. 

	If the ending symbol of PUSCH is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB PUSCH.
 
	Reuse Rel-15 rule
	Drop the processing and the transmission of eMBB PUSCH on the overlapping symbols without resuming.



2.6. CATT
We give our proposals for intra-UE UL multiplexing/prioritization in the table based on the following principles: 
· The timeline requirement as in R15 should be satisfied for the same traffic type, i.e. eMBB or URLLC. For different traffic types, the timeline requirement as in R15 does not need to be satisfied since it may introduce additional delay for URLLC HARQ-ACK feedback/PUSCH otherwise. 
· The priority of UCI and PUSCH is known in PHY
· SR priority is configured by RRC

· The priority of dynamic PUSCH, Type 2 configured grant PUSCH and HARQ-ACK corresponding to dynamic PDSCH and SPS PDSCH is determined based on corresponding PDCCH/DCI (same method as HARQ-ACK codebook identification)
· The priority of Type 1 configured grant PUSCH is configured by RRC

· CSI is considered as an eMBB UCI

· The UL intra-UE multiplexing/prioritization is first performed within each traffic type followed by UL intra-UE multiplexing/prioritization across different traffic types if necessary.

· For UCI/PUSCH for same traffic type, reuse R15 rules when applicable
· For UCI/PUSCH for different traffic types, reuse R15 rules when applicable if timeline/latency requirement is satisfied and drop eMBB UCI otherwise

· R15 timeline requirement is satisfied for UCI/PUSCH for different traffic types
· The ending symbol of PUCCH/PUSCH resource for multiplexed UCI transmission is not later than X symbols after the ending symbol of URLLC UCI/PUSCH

· For CSI overlapping with URLLC UCI, CSI is dropped

· For CSI overlapping with URLLC PUSCH, reuse R15 rules if timeline requirement is satisfied and drop CSI otherwise
· For CSI overlapping with eMBB UCI/PUSCH, reuse R15 rules
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse R15 rules for single HARQ-ACK overlapping with SR;

FFS for multiple HARQ-ACKs overlapping with SR
	
	
	

	CSI
	Drop CSI
	Drop CSI
	
	

	URLLC PUSCH
	Reuse R15 rules
	Reuse R15 rules
	If timeline requirement is satisfied, reuse R15 rules; otherwise drop CSI.


	

	eMBB SR
	Drop eMBB SR
	Reuse R15 rules if certain conditions are satisfied (timeline/latency), otherwise drop eMBB SR.


	Reuse R15 rules
	Drop eMBB SR

	eMBB HARQ-ACK
	Reuse R15 rules if certain conditions are satisfied (timeline/ latency), otherwise drop eMBB HARQ-ACK
	Multiplex both HARQ-ACKs in one PUCCH if certain conditions are satisfied (timeline/ latency), otherwise drop eMBB HARQ-ACK
	Reuse R15 rules
	Reuse R15 rules if timeline is satisfied, otherwise drop eMBB HARQ-ACK.



	eMBB PUSCH
	Drop PUSCH

	Reuse 15 rules if certain conditions are satisfied (timeline/latency), otherwise drop eMBB PUSCH.


	Reuse R15 rules
	Drop eMBB PUSCH


2.7. Panasonic

We assume that following table shows the PHY behavior after determining the priority among UCIs or channels. URLLC means the higher priority and eMBB means the lower priority. The collision cases between URLLC UCIs (such as URLLC SR vs URLLC HARQ-ACK) or URLLC channels (such as URLLC SR/HARQ-ACK vs URLLC PUSCH) is assumed to be the collision scenarios with UCIs or channels with same priority.

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel.15 rule as baseline.
	
	
	

	CSI
	Drop CSI
	Drop CSI
	
	

	URLLC PUSCH
	Reuse Rel.15 rule, i.e., drop SR
	Reuse Rel.15 rule as baseline
	Enhance the UCI multiplexing on PUSCH, such as introducing beta-offset values which allows for dropping CSI.
	

	eMBB SR
	Drop eMBB SR
	Option 1: Drop eMBB SR as baseline

Option 2: Reuse Rel.15 rule as baseline
	Reuse Rel.15 rule as baseline
	Reuse Rel.15 rule, i.e., drop SR

	eMBB HARQ-ACK
	Option 1: Drop eMBB HARQ-ACK as baseline

Option 2: Reuse Rel.15 rule as baseline except for PF1 with HARQ-ACK vs PF0 with SR.
	Option 1: Drop eMBB HARQ-ACK

Option 2: Multiplex URLLC HARQ-ACK and eMBB HARQ-ACK if some conditions are met.
	Reuse Rel.15 rule as baseline
	Enhance the UCI multiplexing on PUSCH, such as introducing beta-offset values which allows for dropping HARQ-ACK.

	eMBB PUSCH
	Drop eMBB PUSCH
	Enhance the UCI multiplexing on PUSCH, such as introducing beta-offset values which allows for dropping PUSCH.
	Reuse Rel.15 rule as baseline
	Drop eMBB PUSCH


2.8. OPPO

· All these scenarios are related to RAN1 and some scenarios including SR are also related to RAN2.

· The scenarios including SR are deprioritized to wait RAN2 decision.
· Schemes for intra-UE UL multiplexing/prioritization  are summarized in the table: 
· Solution 1: For the same traffic, try to reuse R15 rules. 

· Solution 2: For the different traffic, if multiplexing rules are met, adopt multiplexing transmission; otherwise, transmit information related with URLLC (drop information related with eMBB).

· Multiplexing rules could be enhanced to avoid unacceptable latency, e.g. the ending symbol of PUCCH resource

· Solution 3: For PUCCH and PUSCH overlapping, some new beta_offsets, e.g. from 0 to 1, can be introduced.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	· Reuse R15 rules
	
	
	

	CSI 
	· For P-CSI, Solution 2
	· For P-CSI, Solution 2
	
	

	URLLC PUSCH
	· Reuse R15 rules
	· Reuse R15 rules
	· Solution 2+3
	· 

	eMBB SR
	· RAN2 decision first
· If supported, solution 2
	· Solution 2
	· Reuse R15 rules
	· RAN2 decision first

· If supported, solution 2+3

	eMBB HARQ-ACK
	· Solution 2
	· Solution 2
	· Reuse R15 rules
	· Solution 2+3

	eMBB PUSCH

	· RAN2 decision first

· If supported, solution 2+3
	· Solution 2+3
	· Reuse R15 rules
	· RAN2 decision first


Note: A-CSI is one special case of eMBB PUSCH.
· In addition, in cases that mixed UCI overlapping and/or more than two uplink channel overlapping, simple solution need to be considered.

2.9. Huawei

We give our proposals for different scenarios in the table with some key design principles as below:
· For CSI/eMBB UCI (eMBB SR and/or eMBB HARQ-ACK) colliding with URLLC UCI (URLLC SR and/or URLLC HARQ-ACK), multiplexing should be allowed with necessary protection of URLLC in the perspective of latency and reliability. 
The latency could be guaranteed by adding an additional condition on multiplexing, e.g. multiplexing is allowed if the ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH. The reliability can be guaranteed by separate encoding for CSI/eMBB UCI and URLLC UCI, and/or multiplexing is allowed only if the final code rate is still smaller or equal to the configured maximum code rate.

· Multiplexing should be allowed for CSI/eMBB HARQ-ACK colliding with URLLC PUSCH, or URLLC HARQ-ACK colliding with eMBB PUSCH, with necessary protection of URLLC in the perspective of latency and reliability. 

URLLC HARQ-ACK can be well protected by using large beta-offset for URLLC HARQ-ACK on eMBB PUSCH, and URLLC PUSCH can be well protected by introducing beta-offset<1 for CSI/eMBB HARQ-ACK on URLLC PUSCH. In particular, the gNB can indicate the UE to drop CSI/eMBB HARQ-ACK by signaling beta-offset=0.

· For eMBB SR colliding with URLLC SR, eMBB/URLLC SR colliding with URLLC/eMBB PUSCH, or eMBB PUSCH colliding with URLLC PUSCH, it is better to discuss in RAN1 after RAN2 achieves consensus on the corresponding aspect. 
· From RAN1 perspective, a simple rule is to prioritize URLLC SR/PUSCH and drop eMBB SR/PUSCH.

· For channels with the same priority, or for CSI with eMBB channels, Rel-15 rule can be reused as a baseline. Other enhancements can also be considered if both channels are URLLC.

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 as a baseline
	
	
	

	CSI
	Multiplex if the ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH. Otherwise drop CSI.
	Multiplex under conditions of: 

1, timeline is satisfied and 

2, ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH.

Otherwise drop CSI.
	
	

	URLLC PUSCH
	Reuse Rel-15 as a baseline
	Reuse Rel-15 as a baseline, while behavior can be defined for the case that timeline is not satisfied
	A new beta-offset value can be used to control the resources for CSI piggybacked on URLLC PUSCH, where beta-offset=0 indicates dropping CSI.

Allow CSI piggybacked on URLLC PUSCH if timeline is satisfied, and the new Beta_offset>0; otherwise, drop CSI.
	

	eMBB SR
	Deprioritized since RAN2 is discussing about this case.

E.g., up to UE implementation to decide which SR, or always drop eMBB SR
	Multiplex under conditions of: 

1, timeline is satisfied and 

2, ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH.

Otherwise drop eMBB SR
	Reuse Rel-15.
	Deprioritized since RAN2 is discussing about this case.
From RAN1 perspective, dropping eMBB SR is a simple solution. 

	eMBB HARQ-ACK
	Multiplex under conditions of: 

1, timeline is satisfied; 

2, ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH, and

3, not SR F0 & HARQ-ACK F1 combination;

Otherwise drop eMBB HARQ-ACK
	Multiplex under conditions of: 

1, timeline is satisfied and 

2, ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH.

Otherwise drop eMBB HARQ-ACK
	Reuse Rel-15.


	A new beta-offset value can be used to control the resources for eMBB HARQ-ACK piggybacked on URLLC PUSCH, where beta-offset=0 indicates dropping eMBB HARQ-ACK.

Allow eMBB HARQ-ACK piggybacked on URLLC PUSCH if timeline is satisfied, and the new Beta_offset>0; otherwise, drop eMBB HARQ-ACK.

	eMBB PUSCH
	Deprioritized since RAN2 is discussing about this case.

From RAN1 perspective, transmitting URLLC SR and dropping eMBB PUSCH is a simple solution.
	Piggyback URLLC HARQ-ACK on eMBB PUSCH under conditions of: 

1, timeline is satisfied and 

2, DL grant triggering URLLC HARQ-ACK is no later than UL grant scheduling the eMBB PUSCH.

Otherwise drop eMBB PUSCH.
	Reuse Rel-15.
	Deprioritized since RAN2 is discussing about this case.

From RAN1 perspective, transmitting URLLC PUSCH and dropping eMBB PUSCH is a simple solution. 


2.10. LGE
Regarding collision handling for intra-UE UL multiplexing/prioritization, our proposals can be summarized as the below table based on the following principle:

· The priority of UCI and PUSCH is indicated by PHY indication. 

· The priority of dynamic scheduled PUSCH and configured grant type-2 PUSCH is given by the corresponding DCI.

· The priority of configured grant type-1 PUSCH is given by RRC configuration.

· The priority of HARQ-ACK is given by DCI scheduling the corresponding PDSCH.
· The priority of CSI is assumed as low priority.

· How to indicate the priority of SR is up to RAN2 discussion, however, according to RAN1 working assumption made in RAN1#97, the priority of SR is indicated to PHY.
· The rel-15 rule should be reused at least for the collision scenarios between eMBB UCI and eMBB UCI or between eMBB UCI and eMBB PUSCH (e.g., scenarios 9, 13, 17).
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rule (multiplex URLLC HARQ-ACK and URLLC SR)
	
	
	

	CSI
	Reuse Rel-15 rule except for the collision between CSI on PF3/4 and URLLC SR on PF0 in which case CSI resource is punctured by URLLC SR
	Drop CSI

	
	

	URLLC PUSCH
	Reuse Rel-15 rule (drop SR)
	Reuse Rel-15 rule (piggyback URLLC HARQ-ACK on URLLC PUSCH)
	Reuse Rel-15 rule (piggyback CSI on URLLC PUSCH) with small/zero beta offset
	

	eMBB SR
	Drop eMBB SR if URLLC SR is positive; otherwise transmit eMBB SR
	Reuse Rel-15 rule (multiplex on PUCCH)
	Reuse Rel-15 rule (multiplex SR on CSI  PUCCH resource)
	Reuse Rel-15 rule (drop SR)

	eMBB HARQ-ACK
	Reuse Rel-15 rule except for the collision between eMBB HARQ-ACK on PF1 and URLLC SR on PF0 in which case eMBB HARQ-ACK is dropped
	Multiplex URLLC HARQ-ACK and eMBB HARQ-ACK if some conditions (e.g., code rate) are met; otherwise drop eMBB HARQ-ACK
	Reuse Rel-15 rule (multiplex eMBB HARQ-ACK and CSI)
	Piggyback eMBB HARQ-ACK on URLLC PUSCH with small/zero beta offset if timeline is met; otherwise drop eMBB HARQ-ACK

	eMBB PUSCH
	Drop eMBB PUSCH if URLLC SR is positive; otherwise transmit eMBB PUSCH
	Piggyback URLLC HARQ-ACK on eMBB PUSCH if timeline is met; otherwise drop the eMBB PUSCH
	Reuse Rel-15 rule (piggyback CSI on eMBB PUSCH)
	This can be discussed in another AI (scheduling/HARQ)


2.11. Nokia, NSB
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Multiplexing (similar as Rel-15) or dropping HARQ-ACK
	
	
	

	CSI
	Dropping CSI
	Dropping CSI
	
	

	URLLC PUSCH
	Dropping SR

(same rule as Rel-15).
	Multiplexing in case timeline is OK

(same rule as Rel-15), otherwise dropping HARQ-ACK
	multiplexing or dropping CSI
	

	eMBB SR
	The scenario does not occur
	Same rule as Rel-15 (where HARQ-ACK is considered more important than SR).
	Same rule as Rel-15
	Dropping eMBB SR 

(same rule as Rel-15).

	eMBB HARQ-ACK
	Multiplexing (similar as Rel-15) or dropping HARQ-ACK
	Multiplexing or dropping eMBB HARQ-ACK
	Same rule as Rel-15
	Multiplexing in case timeline & impact on reliability are OK, otherwise dropping eMBB HARQ-ACK

	eMBB PUSCH
	Multiplexing or dropping eMBB PUSCH
	Multiplexing or dropping eMBB PUSCH
	same rule as Rel-15
	Dropping eMBB PUSCH at least on the overlapping portion 


2.12. Sony
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	SR (PF0) & HARQ-ACK (PF1): Tx HARQ-ACK (PF1) if –ve SR otherwise Tx SR+HARQ-ACK on PF0 if +ve SR

Other cases, use Rel-15 procedures
	
	
	

	CSI
	Drop CSI
	Drop CSI
	
	

	URLLC PUSCH
	Wait for RAN2’s conclusion
	Rel-15 procedure
	Drop CSI
	

	eMBB SR
	RAN2 to sort out, otherwise assume later SR has priority
	HARQ-ACK (PF0) – Mux SR+HARQ-ACK

HARQ-ACK (PF1) – Drop eMBB SR

HARQ-ACK (PF2, PF3, PF4) – if code rate not exceeded mux SR otherwise drop SR
	Rel-15 procedure
	Wait for RAN2’s conclusion.

	eMBB HARQ-ACK
	SR (PF0) – Mux HARQ-ACK + SR on PF0.

SR (PF1) -> drop HARQ-ACK

HARQ-ACK (PF2, PF3, PF4) – ensure max code rate not exceeded if Muxed otherwise drop HARQ-ACK
	Mux some eMBB HARQ-ACK into URLLC PUCCH such that reliability is still maintained.  Drop remaining eMBB HARQ-ACK that cannot be multiplexed.
	Rel-15 procedure
	Mux HARQ-ACK bits for DL Grants arriving before the URLLC’s UL Grant.  Otherwise drop HARQ-ACK bits.

	eMBB PUSCH
	Wait for RAN2’s conclusion
	Mux HARQ-ACK into eMBB PUSCH if UL Grant for PUSCH arrives AFTER all DL Grants scheduling URLLC PDSCH. Otherwise drop eMBB PUSCH.
	Rel-15 Procedure
	Wait for RAN2’s conclusion.


2.13. Fujitsu
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rules as baseline.
	
	
	

	CSI
	Drop CSI
	Drop CSI
	
	

	URLLC PUSCH
	Deprioritize RAN 1 discussion till a RAN2 conclusion is made.
	If timeline is satisfied, multiplex URLLC A/N on URLLC PUSCH as same as in Rel-15; if not, drop the URLLC A/N.
	Drop CSI
	

	eMBB SR
	Deprioritize RAN 1 discussion till a RAN2 conclusion is made.
	The reliability of URLLC A/N should be guaranteed. If Rel-15 mechanism could satisfy this condition, reuse Rel-15 mechnism. If not, drop eMBB SR.
	No need to discuss, due that it has been agreed no high-priority CSI is supported in Rel-16.
Follow Rel-15.
	Drop eMBB SR.

	eMBB HARQ-ACK
	Drop eMBB A/N if URLLC SR is positive.
	Drop eMBB A/N if both the impact on the reliability and the latency of URLLC A/N is verified to be acceptable.
	No need to discuss, due that it has been agreed no high-priority CSI is supported in Rel-16.

Follow Rel-15.
	If the reliability of URLLC PUSCH could be guaranteed and the timeline is satisfied, piggy back eMBB A/N on URLLC PUSCH; if not, drop eMBB A/N.

	eMBB PUSCH
	Terminate or drop eMBB PUSCH if URLLC SR is positive.
	If multiplexing timeline is satisfied, URLLC HARQ-ACK is multiplexed on eMBB PUSCH; if not, drop eMBB PUSCH.
	No need to discuss, due that it has been agreed no high-priority CSI is supported in Rel-16.

Follow Rel-15.
	Out of scope of this topic.
This is discussed in another item.


2.14. Sharp 
For channel collision with the same service type, Rel-15 rules can be reused as baseline.

For channel collision between different service types, priority-based channel dropping can be the baseline, and multiplexing may be supported under certain constraints, e.g. timing and delay requirements etc. 
· As a general principle, URLLC should have higher priority than eMBB, e.g. URLLC HARQ-ACK >= URLLC SR > URLLC PUSCH > eMBB HARQ-ACK >= eMBB SR > CSI > eMBB PUSCH

· For PUCCH collision, UCI multiplexing between URLLC and eMBB should be supported under some timing and PUCCH resource restrictions. If time constraints cannot be satisfied, priority-based channel dropping should be supported.

· For UCI multiplexing on PUSCH, URLLC HARQ-ACK on eMBB PUSCH should be specified first.

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse R15 rules as baseline
	
	
	

	CSI
	Drop CSI
	Drop CSI
	
	

	URLLC PUSCH
	Reuse R15 rules (Drop SR)
	Reuse R15 rules
	Drop CSI


	

	eMBB SR
	Drop eMBB SR
	Reuse R15 rules if certain conditions are satisfied (timeline/latency), otherwise drop eMBB SR.
	Reuse R15 rules
	Drop eMBB SR

	eMBB HARQ-ACK
	Drop eMBB HARQ-ACK
	Multiplex both HARQ-ACKs in one PUCCH if certain conditions are satisfied (timeline/latency/PUCCH capacity),

otherwise drop eMBB HARQ-ACK
	Reuse R15 rules
	Drop eMBB HARQ-ACK as baseline.

FFS reuse R15 rules if timeline is satisfied. 

	eMBB PUSCH
	Drop PUSCH

	URLLC HARQ-ACK is multiplexed on eMBB PUSCH under some timing constraints, otherwise, drop eMBB PUSCH
	Reuse R15 rules
	Drop eMBB PUSCH, but should be treated in other AI.



2.15. Spreadtrum
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rules
	
	
	

	CSI
	Drop CSI if URLLC SR is positive
	Drop CSI
	
	

	URLLC PUSCH
	Reuse Rel-15 rules
	Reuse Rel-15 rules
	Drop CSI


	

	eMBB SR
	Up to UE’s implementation
	Drop eMBB SR
	Reuse Rel-15 rules
	Drop eMBB SR

	eMBB HARQ-ACK
	Drop eMBB HARQ-ACK  if URLLC SR is positive
	Drop eMBB HARQ-ACK
	Reuse Rel-15 rules
	Drop eMBB HARQ-ACK

	eMBB PUSCH
	Drop eMBB PUSCH if URLLC SR is positive
	Drop eMBB PUSCH 
	Reuse Rel-15 rules
	Drop eMBB PUSCH 


2.16. ETRI
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15
	
	
	

	CSI
	Multiplex CSI and SR as baseline.
	Multiplex HARQ-ACK and CSI as baseline.
	
	

	URLLC PUSCH
	Reuse Rel-15
	Reuse Rel-15 as baseline.
	Reuse Rel-15 as baseline
	

	eMBB SR
	Drop eMBB SR
	Reuse Rel-15 as baseline
	Reuse Rel-15.
	Drop eMBB SR

	eMBB HARQ-ACK
	Multiplex SR and HARQ-ACK as baseline
	Multiplex both HARQ-ACKs as baseline
	Reuse Rel-15 as baseline
	Reuse Rel-15 as baseline

	eMBB PUSCH
	Multiplex SR and UL-SCH as baseline
	Multiplex HARQ-ACK and UL-SCH as baseline.
	Reuse Rel-15 as baseline
	Drop eMBB PUSCH as baseline.


2.17. Samsung
Overall, we prefer simple and consistent multiplexing rules for Rel-16 given practical issues related to the timeline for the WI completion and the potential specification complexity of new multiplexing rules. URLLC can be prioritized over eMBB “across the board” and a UE can drop eMBB transmissions when they overlap in time with URLLC transmissions. However, this should not be default operation. Rel-15 supports multiplexing of eMBB and URLLC data/UCI (e.g. no difference in HARQ-ACK multiplexing based on C-RNTI or MCS-C-RNTI). If a UE is to not follow Rel-15 operation and instead drop eMBB data/UCI, this should be by network configuration especially since such dropping is not needed for all URLLC applications (e.g. some can have similar UCI BLER targets as for eMBB). Also, support of simultaneous PUSCH and PUCCH transmissions removes any additional specification impact, avoids losing eMBB data/UCI, and should be supported as a UE capability.

We do not consider “high” priority and “low” priority scenarios. If a collision can occur, a corresponding UE behavior should be defined. In that sense, every type of collision has the same priority.

We also agree that all scenarios have, almost exclusively, RAN1 impact and should be discussed in RAN1.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Rel-15 (multiplexing) 
	
	
	

	CSI
	Dropping CSI for eMBB CSI

Multiplexing for URLLC CSI
	Dropping CSI for eMBB CSI

Multiplexing for URLLC CSI
	
	

	URLLC PUSCH
	Dropping SR

(same rule as Rel-15).
	Rel-15 

(Multiplexing for DG-PUSCH)

For CG-PUSCH, multiplexing or dropping PUSCH
	Multiplexing if CSI is for URLLC or dropping CSI if CSI is for eMBB
	

	eMBB SR
	Dropping eMBB SR 
	Dropping eMBB SR
	Dropping eMBB SR if CSI is for URLLC. Multiplexing if CSI is for eMBB. 
	Rel-15 

(Dropping eMBB SR)

	eMBB HARQ-ACK
	Dropping HARQ-ACK (when positive SR)
	Dropping HARQ-ACK
	Same rule as Rel-15 if CSI is for eMBB. Dropping eMBB  HARQ-ACK or URLLC CSI if CSI is for URLLC.
	Dropping eMBB HARQ-ACK

	eMBB PUSCH
	Dropping eMBB PUSCH (when positive SR)
	Dropping eMBB PUSCH
	Same rule as Rel-15 if CSI is for eMBB. Dropping eMBB PUSCH or URLLC CSI if CSI is for URLLC.
	For DG-PUSCH, prioritize PUSCH associated with later grant. For CG-PUSCH, prioritize URLLC PUSCH. 


2.18. Ericsson
In our view, the overlapping between PUCCH/PUSCH resources corresponding to different services (URLLC and eMBB here) should be resolved such that the reliability and delay requirements of the URLLC services are met. Our preference is that to reuse the Rel-15 procedures as much as possible with additional simplifications, when necessary. The simplifications include dropping rules such that an iterative approach for resolving overlapping is avoided by including dropping rules of eMBB channel when necessary. Within this approach we strive to minimize dropping of eMBB HARQ-ACK as much as possible, 

Based on the above, we propose the following principles s to resolve overlapping between PUCCH/PUCCH and PUCCH/PUSCH between services with different priorities.
1. In the first step, follow Rel-15 to resolve overlapping between PUCCH and/or PUSCH resources corresponding to the same service type (a.k.a. same priority), if any.
· Overlapping URLLC PUCCH and/or PUSCH are treated separately. Overlapping, if any, is resolved based on Rel-15 such that there is no overlapping between URLLC PUCCH/PUSCH  resources in a slot.
· Overlapping eMBB PUCCH and/or PUSCH are treated separately. Overlapping, if any, is resolved based on Rel-15 such that there is no overlapping between eMBB PUCCH/PUSCH  resources in a slot.
2. In the second step, if an eMBB resource (PUCCH or PUSCH) overlaps with more than one URLLC PUCCH or PUSCH resource, the  eMBB resource is dropped with the corresponding UCI/data.
· This results that one resource cannot overlap with more than one resource where these two resources correspond to different services (i.e. one corresponds to URLLC and the other one to eMBB, if they overlap).
3. In the third step, for a pair of overlapping PUCCH/PUSCH resources with different priorities if any, follow the rules below to resolve overlapping for the pair.
· Note that the rules below aim to multiplex eMBB HARQ-ACK on PUCCH on the overlapping URLLC resource. However, the multiplexing is performed if the delay and reliability requirements for the URLLC channel is not compromised. To achieve these, some simplified conditions are proposed to be fulfilled as described in detailed description of the procedure.
· Moreover, in order to simplify the procedure and avoid an iterative approach, that the rules below ensure that the multiplexing fora pair of overlapping resources should not result in  a resource that overlaps with any other PUCCH/PUSCH resource in the slot.
Based on the above principles the following is proposed to resolve overlapping. More details on multiplexing, when applicable, is provided in the corresponding section in this document.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rule
	
	
	

	CSI
	Drop CSI
	MUX based on Rel-15 if reliability and delay requirements are met 
	
	

	URLLC PUSCH
	Reuse Rel-15 rule
	Reuse Rel-15
	MUX based on Rel-15 if reliability and delay requirements are met 
	

	eMBB SR
	Drop eMBB SR
	Drop SR
	Reuse Rel-15 rule
	Drop  eMBB SR

	eMBB HARQ-ACK
	MUX based on Rel-15 if reliability and delay requirements are met 
	MUX based on Rel-15 if reliability and delay requirements are met 
	Reuse Rel-15 rule.


	MUX based on Rel-15 if reliability and delay requirements are met

	eMBB PUSCH
	Drop eMBB
	MUX based on Rel-15 if reliability and delay requirements are met 
	Reuse Rel-15 rule
	Currently discussed in RAN2 


2.19. WILUS
In our view, Rel-15 rule can be reused to handle a collision of PUCCH/PUSCH with the same priority. Rel-16 aims to support new multiplexing procedures for at least two different services, eMBB and URLLC. So, our baseline approach is to discuss feasibility of multiplexing two colliding channels as much as possible. If it turns out multiplexing is infeasible, then PUCCH/PUSCH with lower priority is dropped. 
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rule (multiplexing SR and HARQ-ACK)
	
	
	

	CSI
	Drop CSI 
	Drop CSI
	
	

	URLLC PUSCH
	Reuse Rel-15 rule (drop SR)
 
	Reuse Rel-15 rule (multiplexing URLLC HARQ-ACK in the earliest URLLC PUSCH) 
Need to discuss how to multiplex URLLC HARQ-ACK on multiple PUSCH repetitions in a slot

	Reuse Rel-15 rule with introducing CSI dropping rule (for example zero beta offset value)
	

	eMBB SR
	Drop eMBB SR
	Opt 1) Reuse Rel-15 multiplexing rule (multiplexing SR and HARQ-ACK)
Opt2) drop eMBB SR
	Reuse Rel-15 rule
	Reuse Rel-15 rule (drop eMBB SR)

	eMBB HARQ-ACK
	Reuse Rel-15 multiplexing rule for all SR and HARQ-ACK collision cases except two cases:
1) the case where eMBB HARQ-ACK with PF1 collides with URLLC SR with PF0

2) the case where eMBB HARQ-ACK with PF0 collides with two URLLC SRs with PF0
	Multiplexing URLLC HARQ-ACK and eMBB HARQ-ACK in one PUCCH when timeline is satisfied

Otherwise, drop eMBB HARQ-ACK 
	Reuse Rel-15 rule
	Reuse Rel-15 rule with introducing eMBB HARQ-ACK dropping rule (for example zero beta offset value)

	eMBB PUSCH
	Multiplexing URLLC SR (both negative and positive) on eMBB PUSCH.
	Multiplexing URLLC HARQ-ACK on eMBB PUSCH when timeline is satisfied
Otherwise, drop the eMBB PUSCH.
	Reuse Rel-15 rule
	Drop eMBB PUSCH on the overlapping symbols


2.20. Intel
In our view, a unified solution should be supported for handling collisions irrespective of service types. In general, we have the following views:

· If both of the colliding UL transmissions are dynamically scheduled, such as HARQ-ACK vs PUSCH etc., time of arrival of the corresponding PDCCHs are taken into account to determine priority, when multiplexing is not possible.

· If at least one of the colliding UL transmissions occur in a pre-configured resource, priority information from higher layer resource configuration can be used. This may apply to the collisions, such as SR vs PUSCH, SR vs CSI, SR vs HARQ-ACK, CSI vs PUSCH, HARQ-ACK vs CSI, HARQ-ACK vs SPS/CG-PUSCH etc.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Multiplex if possible, otherwise drop SR. (reuse Rel15 procedures)


	
	
	

	CSI
	Drop CSI.


	Drop CSI
	
	

	URLLC PUSCH
	SR is dropped assuming LCH containing PUSCH would have same or higher priority than LCH carrying SR in this case


	Multiplex according to configured/indicated beta offset values, if timeline is satisfied, otherwise drop HARQ-ACK


	If PUSCH is prioritized, such as in this case, P-CSI is dropped

For CG PUSCH, higher layer configuration can be used to prioritize PUSCH without multiplexing.
	

	eMBB SR
	In our view, transmit occasions of different SR configurations may not overlap. This is because otherwise it would be difficult for gNb to identify whether transmitted SR corresponds to an urgent traffic or not. Hence, this case is not likely to happen
	Multiplex if possible, otherwise drop SR (reuse Rel15 procedures)

	Follow Rel 15 rules
	SR is dropped assuming LCH containing PUSCH would have higher priority than LCH carrying SR in this case

	eMBB HARQ-ACK
	Multiplex if possible, otherwise drop HARQ-ACK.
	eMBB HARQ-ACK will be dropped, assuming the two HARQ-ACKs belong to different codebook
	Follow Rel 15 rules 
	Multiplex according to configured/indicated beta offset values, if timeline is satisfied, Otherwise drop HARQ-ACK.
For CG PUSCH, higher layer config. can be used to prioritize PUSCH without multiplexing, if HARQ-ACK corresponds to a codebook of low priority

	eMBB PUSCH
	SR is forwarded to PHY assuming LCH containing PUSCH would have lower priority than LCH carrying SR.
PUSCH can still be forwarded to PHY even if deprioritized to facilitate HARQ retransmission. 


	Multiplex according to configured/indicated beta offset values, if timeline is satisfied. Otherwise PUSCH is dropped from the instance of overlap

	Follow Rel 15 rules
	This is outside the scope of this agenda item


2.21. APT
When collision happens between resources with different priorities, there are two options could be applied:

· Opt1: Always drop the resources with lower priority, FFS: specific priority between each resource, e.g., URLLC SR/HARQ-ACK>URLLC PUSCH> eMBB SR/HARQ-ACK> CSI> eMBB PUSCH
· Opt2: Multiplex together under some conditions, otherwise drop the transmission with lower priority, FFS: possible conditions

If the resources with lower priority are always dropped, it may degrade the performance of corresponding scheduling. Thus, under some scenarios, option2 is a preferable solution.

For collision between resources with same priorities, preferable solution is to reuse Rel-15 rules.

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rules as a baseline
	
	
	

	CSI
	Multiplex under some conditions, otherwise drop CSI
	Multiplex under some conditions, otherwise drop CSI

	
	

	URLLC PUSCH
	Reuse Rel-15 rules as a baseline
	Reuse Rel-15 rules as a baseline
	Multiplex under some conditions, otherwise drop CSI

	

	eMBB SR
	Up to UE implementation, or always drop eMBB SR
	Multiplex under some conditions, otherwise drop eMBB SR
	Reuse Rel-15 rules as a baseline
	Drop eMBB SR

	eMBB HARQ-ACK
	Multiplex under some conditions, otherwise drop eMBB HARQ-ACK

	Multiplex under some conditions, otherwise drop eMBB HARQ-ACK

	Reuse Rel-15 rules as a baseline
	Multiplex under some conditions, otherwise drop eMBB HARQ-ACK


	eMBB PUSCH
	Drop eMBB PUSCH
	Multiplex under some conditions, otherwise drop eMBB PUSCH
	Reuse Rel-15 rules as a baseline
	This scenario is currently handled by RAN2 

Provide RAN1’s view, if any


2.22. MediaTek
Some general considerations that impact multiple scenarios:
· PUSCH/SR vs. PUSCH/SR: L2 only passes prioritized data/SR to L1, conflicting on-going transmissions are dropped. (This is the preferred solution in our view. However, if it is unsatisfactory then multiplexing and puncturing could be considered further, too.)

· When eMBB HARQ transmission is dropped, a delayed sending is possible, similarly to the scheduling mechanism of an A-CSI report. 

· PUSCH vs. HARQ: If multiplexing timeline is not met, or DL-DCI indicates “fast” HARQ codebook and arrived later than the UL-DCI then prioritize the transmission associated with the later DCI. Otherwise, apply Rel-15, possibly with extended beta range.

· DL transmissions can be repeated without waiting for HARQ-ACK feedback, as a means for optimal recovery from de-prioritization

· See table below for a summary
· It is paramount to guarantee URLLC SR reliability (especially against positive-to-negative errors), whereas some headroom for multiplexing delay should be assumed, (since the total delay budget has several components). It is also paramount that the first positive SR occasion be identified by the gNB (not precluding delay in the decoding, or pessimistic hypothesis on decoding failure)

 HARQ vs PUSCH scenarios according to proposal

	
	“fast” HARQ 
first DCI (URLLC)
	“slow” HARQ 
first DCI (eMBB)
	“fast” HARQ 
later DCI (URLLC)
	“slow” HARQ 
later DCI (URLLC)

	PUSCH

(URLLC or eMBB)
	Multiplex if timelines met, otherwise drop HARQ (earlier DCI).

DL repetition without waiting for HARQ-ACK.
	Multiplex if timelines met, otherwise drop HARQ (earlier DCI).

Delayed eMBB HARQ sending.
	Drop PUSCH.
	Multiplex if timelines met. Otherwise drop PUSCH (earlier DCI).


	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 as a baseline
	
	
	

	CSI
	Drop CSI.
	Drop CSI.
	
	

	URLLC PUSCH
	If L2 passes SR, drop PUSCH on and after colliding symbol.
	Prioritize transmission scheduled by later DCI if either it was URLLC HARQ or if multiplexing timelines would fail.

Multiplex otherwise. 
	Reuse Rel-15. Beta-offset and alpha cap should control UCI code rate.
	

	eMBB SR
	Drop eMBB SR on and after colliding symbol.
	Reuse Rel-15 as a baseline
	Reuse Rel-15.
	Drop eMBB SR on and after colliding symbol.

	eMBB HARQ-ACK
	Alt 1. Delayed sending of eMBB HARQ-ACK when latency / reliability not met for SR.

Alt 2. Reuse Rel-15 as a baseline
	Drop eMBB HARQ on and after colliding symbol. Delayed sending of eMBB HARQ-ACK.
	Reuse Rel-15.


	Multiplex if timelines met. Otherwise, prioritize transmission scheduled by later DCI. Delayed eMBB HARQ-ACK.

	eMBB PUSCH
	If L2 passes SR, drop PUSCH on and after colliding symbol.
	Prioritize transmission scheduled by later DCI if either it was URLLC HARQ or if multiplexing timelines would fail.

Multiplex otherwise.
	Reuse Rel-15.
	If L2 passes data/BSR, then drop other transmission on and after colliding symbol.


2.23. ITRI
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rules as a baseline
	
	
	

	CSI
	Positive SR: Drop CSI.

Negative SR: Transmit CSI
	Drop CSI
	
	

	URLLC PUSCH
	Reuse R15 rules
	Reuse Rel-15 rules as a baseline
	If the CSI is for URLLC and the PUSCH is dynamic scheduled: multiplexing.

Otherwise, drop the CSI
	

	eMBB SR
	Positive URLLC SR: Drop eMBB SR.

Negative URLLC SR: Transmit eMBB SR
	Reuse R15 rules if certain conditions for URLLC HARQ-ACK can be satisfied (timeline, latency and reliability). Otherwise, drop eMBB SR
	Reuse Rel-15 rules as a baseline
	Drop eMBB SR

	eMBB HARQ-ACK
	Reuse R15 rules if certain conditions for URLLC SR can be satisfied (timeline and latency), otherwise drop eMBB HARQ-ACK 
	Multiplex both HARQ-ACKs in one PUCCH if certain conditions for URLLC HARQ-ACK can be satisfied (timeline, latency, and reliability). Otherwise, drop eMBB HARQ-AC
	Reuse Rel-15 rules as a baseline
	Multiplex HARQ-ACK in PUSCH and introduce different beta-offsets for dynamic PUSCH and configured grant PUSCH, respectively.


	eMBB PUSCH
	Positive SR: Drop eMBB PUSCH.

Negative SR: Transmit eMBB PUSCH
	Multiplexing URLLC HARQ-ACK on eMBB PUSCH if certain conditions for URLLC HARQ-ACK can be satisfied (timeline, latency, and reliability).
Otherwise, drop the eMBB PUSCH
	Reuse Rel-15 rules as a baseline
	Drop eMBB PUSCH at least for the overlapping portion


2.24. CMCC
For intra-UE UL collision scenarios:

· For the same traffic:

· eMBB v.s. eMBB: reuse R15 rules and timeline

· URLLC v.s. URLLC: reuse R15 rules with enhanced timeline

· For different traffic:

· URLLC PUCCH v.s. eMBB PUCCH: If the multiplexing conditions are met, try to multiplex the PUCCHs, otherwise, the URLLC PUCCH is prioritized.

· URLLC PUSCH v.s. eMBB PUSCH: First handled by MAC layer; if both MAC PDUs are delivered to physical layer, eMBB PUSCH is dropped or punctured.

· URLLC PUCCH v.s. eMBB PUSCH and eMBB PUCCH v.s. URLLC PUSCH: multiple sets of parameters related to UCI multiplexing (i.e. beta offset, scaling) should be configured by RRC signalling and UE can select one parameter set according to different service types of PUCCH and PUSCH. Additionally, the possibility to disable eMBB PUCCH to multiplex on URLLC PUSCH should be supported.
· Note: The multiplexing conditions should include timeline and reliability. For example, after multiplexing URLLC PUCCH with eMBB PUCCH, the latency and reliability of URLLC PUCCH should be guaranteed, i.e. the ending symbol of the chosen PUCCH is no later than the ending symbol of URLLC PUCCH, the code rate after multiplexing is not higher than URLLC PUCCH
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse R15 rules with enhanced timelines
	
	
	

	CSI 
	If the multiplexing conditions are met, try to multiplex, otherwise drop CSI.
	If the multiplexing conditions are met, try to multiplex, otherwise drop CSI.
	
	

	URLLC PUSCH
	Reuse R15 rules with enhanced timelines
	Reuse R15 rules with enhanced timelines
	support the possibility to enable or disable CSI multiplexing on URLLC PUSCH.

If the enabled and multiplexing conditions are met, try to multiplex the CSIs, otherwise drop eMBB CSI.
	· 

	eMBB SR
	If the multiplexing conditions are met, try to multiplex, otherwise drop eMBB SR.
	If the multiplexing conditions are met, try to multiplex, otherwise drop eMBB SR.
	Reuse R15 rules
	Support the possibility to enable or disable eMBB SR multiplexing on URLLC PUSCH.

If the enabled and multiplexing conditions are met, try to multiplex the eMBB SR, otherwise drop eMBB SR.

	eMBB HARQ-ACK
	If the multiplexing conditions are met, try to multiplex, otherwise drop eMBB HARQ-ACK.
	If the multiplexing conditions are met, try to multiplex, otherwise drop eMBB HARQ-ACK.
	Reuse R15 rules
	Support the possibility to enable or disable eMBB HARQ-ACK multiplexing on URLLC PUSCH.

If the enabled and multiplexing conditions are met, try to multiplex the eMBB HARQ-ACK, otherwise drop eMBB HARQ-ACK.

	eMBB PUSCH


	If the multiplexing conditions are met, try to multiplex, otherwise drop/puncture eMBB PDSCH. If URLLC PUCCH is multiplexed on eMBB PUSCH, multiple parameters related to UCI multiplexing (i.e. beta offset, scaling) should be configured by RRC signaling and UE can select one parameter set according to different service types of PUCCH and PUSCH
	If the multiplexing conditions are met, try to multiplex, otherwise drop/puncture eMBB PDSCH. If URLLC PUCCH is multiplexed on eMBB PUSCH, multiple parameters related to UCI multiplexing (i.e. beta offset, scaling) should be configured by RRC signaling and UE can select one parameter set according to different service types of PUCCH and PUSCH
	Reuse R15 rules
	First handled by MAC layer;

if both MAC PDUs are delivered to physical layer, drop/puncture eMBB PUSCH or earlier PUSCH.


2.25. KT Corp.
Rel-15 multiplexing rules can be a baseline for intra-UE UL collision among URLLC PUSCH(s) and PUCCH(s). However, we think some enhancements for handling the collision among PUSCH(s) and PUCCH(s) related to different service types (i.e. URLLC vs. eMBB) are necessary considering the difference of the requirements of each service type. 

Basically we think the enhancements should be related to the multiplexing conditions and as far as the enhanced multiplexing conditions are met, it is desirable to multiplex all the transmissions from the different service types. And, if the enhanced multiplexing are not satisfied, the URLLC transmission should be prioritized over the eMBB transmission.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse rel-15 rule 
	
	
	

	CSI
	Drop CSI
	Drop CSI
	
	

	URLLC PUSCH
	Reuse rel-15 rule
	Reuse rel-15 rule
	Reuse rel-15 as baseline
	

	eMBB SR
	Drop eMBB SR 
	Drop eMBB SR
	Reuse rel-15 rule 
	Drop eMBB SR

	eMBB HARQ-ACK
	Multiplex if some conditions are met,

otherwise drop eMBB HARQ-ACK


	Multiplex if some conditions are met,

otherwise drop eMBB HARQ-ACK


	Reuse rel-15 rule
	Multiplex if  some conditions are met, otherwise drop the eMBB HARQ-ACK

	eMBB PUSCH
	Multiplex if some conditions are met, otherwise drop eMBB PUSCH.

Multiple parameters for UCI multiplexing can be configured according to the service types.


	Multiplex if some conditions are met, otherwise drop eMBB PUSCH.

Multiple parameters for UCI multiplexing can be configured according to the service types.


	Reuse rel-15 rule
	Drop eMBB PUSCH at least on the overlapping symbol(s). 


2.26. Motorola Mobility, Lenovo

We think the following principles should be adopted to define intra-UE multiplexing and collision handling rules:

· Priorities of different UL channels are known at PHY via RRC configuration or DCI indication. 

· A UE drops/cancels transmission of a lower priority PUCCH, if the lower priority PUCCH overlaps with a higher priority PUCCH. 

· A UE drops/cancels transmission of a lower priority PUSCH, if the lower priority PUSCH overlaps with a higher priority PUSCH.
· For sub-slot based HARQ-ACK feedback, a UE should multiplex HARQ-ACK information into an UL channel, only if the UL channel ends no later than an indicated HARQ-ACK PUCCH resource (or an ending sub-slot of the indicated HARQ-ACK PUCCH resource).

· If a URLLC PUSCH does not include UL-SCH, eMBB SR and/or eMBB HARQ-ACK can be multiplexed in the URLLC PUSCH.
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reuse Rel-15 rule
	
	
	

	CSI
	If a PUCCH resource for CSI is configured as a high priority PUCCH, CSI and URLLC SR can be multiplexed in a high priority PUCCH which ends no later than a high priority PUCCH resource for URLLC SR. 

If a PUCCH resource for CSI is configured as a low priority PUCCH, drop CSI.   
	If a PUCCH resource for CSI is configured as a high priority PUCCH, CSI and URLLC HARQ-ACK can be multiplexed in a high priority PUCCH which ends no later than a high priority PUCCH resource for URLLC HARQ-ACK. 

If a PUCCH resource for CSI is configured as a low priority PUCCH, drop CSI.   
	
	

	URLLC PUSCH
	Reuse Rel-15 rule
	Reuse Rel-15 rule
	If a PUCCH resource for CSI is configured as a high priority PUCCH and a UE does not multiplex A-CSI or SP-CSI in a URLLC PUSCH, the UE multiplexes the CSI in the URLLC PUSCH. 

If the PUCCH resource for the CSI is configured as a low priority PUCCH or if the UE multiplexes A-CSI or SP-CSI in the URLLC PUSCH, drop the CSI.   
	

	eMBB SR
	Drop eMBB SR
	Drop eMBB SR
	If a PUCCH resource for CSI is configured as a high priority PUCCH, consider it as an error case.

If a PUCCH resource for CSI is configured as a low priority PUCCH, reuse Rel-15 rule.
	If URLLC PUSCH including A-CSI or SP-CSI does not include UL-SCH, multiplex eMBB SR (indication of positive or negative SR) in the URLLC PUSCH.

For other cases, drop eMBB SR.

	eMBB HARQ-ACK
	Drop eMBB HARQ-ACK
	Drop eMBB HARQ-ACK
	If a PUCCH resource for CSI is configured as a high priority PUCCH, consider it as an error case.

If a PUCCH resource for CSI is configured as a low priority PUCCH, reuse Rel-15 rule.
	If URLLC PUSCH including A-CSI or SP-CSI does not include UL-SCH, multiplex eMBB HARQ-ACK. 

For other cases, drop eMBB HARQ-ACK.

	eMBB PUSCH
	Drop eMBB PUSCH, if at least one URLLC SR overlapping with the eMBB PUSCH is positive SR. Otherwise, transmit eMBB PUSCH.
	Drop eMBB PUSCH (MCS of eMBB PUSCH may not be suitable for URLLC HARQ-ACK transmission).


	If a PUCCH resource for CSI is configured as a high priority PUCCH, consider it as an error case.

If a PUCCH resource for CSI is configured as a low priority PUCCH, reuse Rel-15 rule.
	Drop eMBB PUSCH


2.27. Apple

In our view, the Rel-15 collision handling procedure should be reused as much as possible at least for the case of collision between UL channels with a same priority order e.g. both associated with eMBB or URLLC service. 

For the new collision cases of Rel-16, i.e. collision between UL transmission with different priority orders (due to different latency and reliability requirements), the URLLC services related transmission should be generally prioritized to fulfil the stringent latency and reliability requirements of URLLC. In addition, we share the views that the collision handling rule should target to minimize the dropping operation for HARQ-ACK of eMBB as much as possible to avoid throughput loss.  

In the table below, the preferred UE behaviors were summarized for the possible collision cases in accordance to the rules mentioned at the start.    
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Reusing the Rel-15 SR and HARQ-ACK multiplexing rule.
	
	
	

	CSI
	Drop P-CSI, if positive SR; Otherwise, transmit P-CSI. 

Multiplexing SR and A-CSI.
	Multiplexing CSI and HARQ-ACK if latency and reliability are met. Otherwise, drop CSI. 
	
	

	URLLC PUSCH
	Reusing Rel-15 rule. 
	Reusing Rel-15 rule.
	Multiplexing if timeline/reliability/latency can be met. 
	

	eMBB SR
	Drop eMBB SR. 
	Drop eMBB SR
	Reusing Rel-15 rule.
	Drop eMBB SR as in Rel-15

	eMBB HARQ-ACK
	Multiplex HARQ-ACK and SR based on Rel-15, if latency and reliability can be met; Otherwise, drop HARQ-ACK. 
	Multiplexing eMBB and URLLC HARQ-ACK if reliability and latency can be met. 
	Reusing Rel-15 rule.
	Multiplexing based on Rel-15 rule if timeline/reliability/latency of URLLC can be met

	eMBB PUSCH
	Drop eMBB PUSCH. 
	Piggyback HARQ-ACK on eMBB PUSCH if timeline/latency/reliability requirement are met. 
	Reusing Rel-15 rule.
	Drop eMBB PUSCH at least staring from the overlapped symbols. 


3. Detailed analysis and solutions for the collision scenarios

3.1. Scenario-01: URLLC HARQ-ACK vs. URLLC SR

Q01-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	The HARQ feedback/procedure is performed in the physical layer for the received transport block which is invisible to MAC layer. On the other hand, based on the agreements, the SR priority should be known in PHY layer. Therefore, the collision case related to HARQ-ACK and SR should be addressed in RAN1.

	Qualcomm
	Agree with DOCOMO’s view. 

	Vivo
	Agree

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	For SR, the priority in PHY can be determined based on the priority given by MAC. For HARQ-ACK, by successful decoding of PDSCH, logical channel can be known to MAC and this information can be used for the priority of ACK. On the other hand, this does not indicate the priority in the case of NACK. In addition, processing time is the issue if decoding MAC is required. Therefore, our view is the priority of HARQ-ACK should be determined by PHY and the collision case related to HARQ-ACK should be discussed in RAN1.

	OPPO
	Agree with DOCOMO

	Huawei
	Agree with DOCOMO

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Spreadtrum
	Agree with DOCOMO

	ETRI
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO

	Ericsson
	Agree with DOCOMO

	WILUS
	Agree with DOCOMO

	Intel
	Agree with DOCOMO

	APT
	Agree with DOCOMO

	ITRI
	Agree with DOCOMO

	CMCC
	Agree with DOCOMO

	Apple
	We shared the view that collision handling between HARQ-ACK and SR with a same service type (i.e. URLLC) should be handled by physical layer, same as in Rel-15, due to same reason (i.e. HARQ-ACK is invisible for MAC spec).  


Q01-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: vivo, CATT, OPPO, Nokia, NSB, Sony, Fujitsu, Sharp, Intel, CMCC
· This scenario should be treated in RAN1 with a low priority. 

· Companies: DOCOMO, Qualcomm, InterDigital, ZTE, Panasonic, Huawei, LGE, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, APT, MTK, Motorola Mobility, Lenovo, Apple,
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Assuming configured grant PUSCH is necessary for URLLC traffic, this collision case can be low priority and Rel.15 multiplexing rule can be the baseline. 

	Qualcomm
	We propose to follow the same rule as Rel-15, i.e., multiplex the URLLC HARQ-ACK with URLLC SR. Our understanding is that this would be the default UE behavior if no agreement has been made in Rel-16. 

	Vivo
	In our view, the priority for RAN1 study on a particular scenario is highly dependent on whether the identified issue needs to be handled in RAN1. For scenario 01, handling URLLC SR and URLLC HARQ-ACK could be frequent and is very important for URLLC traffic. Although Rel-15 mechanism can be reused, we think that this scenario should be treated in RAN1 with a high priority.

	InterDigital
	URLLC HARQ-ACK and URLLC SR should have same priority. Therefore, multiplexing according to R15 rules should be appropriate.  

	ZTE
	For collision between channels of the same priority, the same Rel-15 multiplexing rules can be reused. 

	CATT
	For single HARQ-ACK overlapping with SR, R15 rules can be reused. But for multiple HARQ-ACKs overlapping with SR, if supported, RAN1 needs to discuss the multiplexing/prioritization rule. We think we need to discuss whether multiple HARQ-ACKs overlapping with SR is allowed or not.

	Panasonic
	Our view is to reuse the same rule as Rel.15 would be the simplest solution and less specification impact because this case can be considered that SR and HARQ-ACK have the same priority.

	OPPO
	Reuse Rel-15 rules.

	Huawei
	Low priority as Rel-15 rules can be simply reused.

	Nokia, NSB
	For this scenario, depending on the PUCCH formats of HARQ-ACK and SR, some of the Rel-15 handling rules cannot be re-used, and thus some new rules need to be defined. This mainly results from the fact that, in contrast to Rel-15 where HARQ-ACK is considered as more important than SR, in the scenario here SR is considered as more important than HARQ-ACK.

	Sharp
	URLLC SR is important for grant based URLLC UL transmission. It can be treated with high priority by reusing Rel-15 rules as much as possible.

	Spreadtrum
	Reuse Rel-15 rules.

	ETRI
	Reuse Rel-15.

	Samsung
	Follow Rel-15.

	Ericsson
	Reuse Rel-15

	WILUS
	Reuse Rel-15 rule

	Intel
	Agree with Nokia above

	APT
	Reuse Rel-15 rule when collision happens between resources with same priority 

	MTK
	Reuse Rel-15 rules as a baseline. Although these may not be optimal, since Rel-15 protects HARQ, the scheduler can deal with them. URLLC SR reliability is paramount.  

	ITRI
	Reuse Rel-15

	CMCC
	Reuse R15 rules with enhanced timelines

	Motorola Mobility, Lenovo
	Reuse Rel-15, taking into account sub-slot based HARQ-ACK feedback timing

	Apple
	Reuse Rel-15 rules. New enhancements should be justified by strong motivation.  


Q01-3: Detailed analysis/solutions for the scenario

(e.g. Simply following R15? Or some enhancements are needed?)
	Company
	View

	DOCOMO
	We think simply following Rel.15 multiplexing rule for SR and HARQ-ACK is sufficient to handle this case.  

The controversial point is the collision case for HARQ with PF1 and SR with PF0. There are some concerns on dropping SR, since it may cause the delay for URLLC UL transmission. However, it is not necessary to optimize such case that SR uses PF0 while HARQ-ACK uses PF1 for same URLLC traffic for a given UE, given the similar reliability/coverage requirement. In addition, considering configured grant is supported for URLLC, we think dropping the SR, the same as Rel-15 is fine.
Table 3.1 Reuse Rel.15 multiplexing rule for URLLC SR and URLLCHARQ-ACK

Collision case

SR with PF0

SR with PF1

HARQ-ACK with PF0

Transmit both HARQ-ACK and SR on PF0 for HARQ-ACK

Transmit both HARQ-ACK and SR on PF0 

HARQ-ACK with PF1

Transmit HARQ-ACK on PF1, drop SR

Transmit HARQ-ACK on PF1 for SR when SR is positive; transmit HARQ-ACK on PF1 for HARQ-ACK when SR is negative.
HARQ-ACK with PF2

Transmit both HARQ-ACK and SR on PUCCH resource for HARQ-ACK based on UCI payload and PRI

HARQ-ACK with PF3

HARQ-ACK with PF4



	Qualcomm 
	We think following Rel-15 multiplexing rule is enough. Agree with Docomo’s view on PF 1 vs PF 0 collision. 

	Vivo
	Rel-15 mechanism is reused. 

If Rel-15 rule is reused, when URLLC HARQ-ACK using PUCCH Format 1 collides with URLLC SR using PUCCH Format 0, URLLC SR is dropped. Typically, URLLC HARQ-ACK with 1 or 2 bits and SR can use the same PUCCH type, i.e. both long or short PUCCH format. Thus, no enhancement is needed for this case. 



	InterDigital
	Follow R15 rules

	ZTE
	Reuse Rel-15 rules 

	CATT
	Reuse R15 rules for single HARQ-ACK overlapping with SR. 

FFS multiple HARQ-ACKs overlapping with SR.

	Panasonic
	Reuse Rel.15 rule as baseline.

	OPPO
	Reuse Rel-15 rules.

	Huawei
	Reuse Rel-15 rule to multiplex URLLC HARQ-ACK and URLLC SR if the timeline is satisfied. If the timeline is not satisfied, can further study dropping HARQ-ACK or dropping SR.

	LGE
	Reuse Rel-15 rule

	Nokia, NSB
	If high priority SR conflicts with a high priority HARQ-ACK, SR should not have lower importance than HARQ-ACK feedback as assumed in Rel-15. Actually, it is reasonable to consider SR as more important in this case, and this needs to be accounted for in the design of the handling rules. These rules will depend on the PUCCH formats used and are provided below for various format combinations of overlapping PUCCHs.
HARQ-ACK with F0
HARQ-ACK with 

F1
HARQ-ACK with F2
HARQ-ACK with 

F3 or F4
SR with F0
Send both on HARQ-ACK resource; similar to Rel-15 rule.
Drop HARQ-ACK and send SR on SR resource.
Send both on HARQ-ACK resource; in a similar way as in Rel-15.
Alt.1) drop HARQ-ACK and send SR on the SR resource.
Alt.2) allow multiplexing (only) in case latency and reliability of SR are not impacted.
SR with F1
Send both on HARQ-ACK resource; similar to Rel-15 rule.
Follow Rel-15 rule, i.e., transmit HARQ-ACK on SR resource when SR is positive, and transmit HARQ-ACK on HARQ-ACK resource when SR is negative.
The above assumes that the timeline condition is satisfied.

	Sony
	Reuse Rel-15 rules except for the case where SR uses PF0 and HARQ-ACK uses PF1.  Rel-15 rules would drop a positive URLLC SR to transmit only HARQ-ACK, which is not acceptable for URLLC latency requirement.  This can be easily rectified by multiplexing the HARQ-ACK & SR and transmit using PF0 (i.e. resource originally allocated for SR).  If SR is negative then the legacy behavior of transmitting only HARQ-ACK is used.  That is:

· Negative SR on PF0 collides with HARQ-ACK on PF1 = Transmit HARQ-ACK only on PF1

· Positive SR on PF0 collides with HARQ-ACK on PF1 = Transmit SR+HARQ-ACK on PF0

	Fujitsu
	Although the latency requirement for URLLC traffic is obviously more serious than eMBB traffic, the latency requirement for URLLC traffic is not always 1ms. It could be 1ms or 3ms or 5ms etc. Hence, URLLC transmission could be still configured to use PF 2/3/4. 

In Rel-15, if the format for HARQ-ACK is PF 2/3/4, the SR payload in multiplexed PUCCH could be more than 1 bit. In this case, the 
eliability of URLLC HARQ-ACK may be threatened by SR.

With the above considerations, we prefer:

· The case of multiplexing more than 1 URLLC SR bit and URLLC HARQ-ACK is not supported in Rel-16.

· In the case of multiplexing 1 URLLC SR bit and URLLC HARQ-ACK, Rel-15 rules are reused.

	Sharp
	Follow Rel-15 rules when possible. However, SR priority should be further considered, e.g. 

For example, how to differentiate URLLC SR and eMBB SR on HARQ-ACK with PF0; and how to count the number of SR configurations for HARQ-ACK with PF2/3/4.

	Spreadtrum
	Reuse Rel-15 rules.

	ETRI
	Reuse Rel-15 as baseline.

	Samsung
	Follow Rel-15

	Ericsson
	Reuse Rel-15

	WILUS
	Reuse Rel.15 rule as baseline.

	Intel
	A given SR configuration and a given HARQ-ACK codebook configuration each may have associated priority tag (high/low).

If resources of SR and HARQ-ACK overlap and both have similar priority (such as in Scenario -01), we propose to reuse Rel15 rules as baselines

	APT
	Reuse Rel-15 rules

	MTK
	Reuse Rel-15 as baseline. Assumptions: 

1) Rel-15 multiplexing rules which are not convenient can be avoided by scheduler (scheduling around and/or selection of HARQ PUCCH format, codebook segmentation, use of “slow” HARQ codebook – scenario-11)

2) SR reliability can be ensured at reasonable cost (increased HARQ robustness)
3) SR delay budget has some headroom for multiplexing (since the total delay has many components and system scheduling constraints)

	ITRI
	Reuse Rel-15

	CMCC
	Reuse R15 rules with enhanced timelines

	Motorola Mobility, Lenovo
	Reuse Rel-15, taking into account sub-slot based HARQ-ACK feedback timing. 

	Apple
	Reuse Rel-15 rule. We shared DCM’s views on the handling of collision between PF0 for SR and PF1 for HARQ-ACK since typically a same PUCCH format supposed to be configured for URLLC SR/HARQ-ACK of a given UE as format selection is mainly determined by UE’s UL SINR geometry and targeted payload size. 


3.2. Scenario-02: CSI vs. URLLC SR
Q02-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple, 
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	CSI is derived in the physical layer based on measurement results of DL CSI-RS, therefore the collision case for CSI report and SR is related to RAN1.

	Qualcomm 
	Agree with DOCOMO’s view.

	Vivo
	Agree with DOCOMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Agree with DOCOMO

	LGE
	Agree with DOCOMO

	Sharp 
	Agree with DOCOMO

	Spreadtrum
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO

	Ericsson
	Agree with DOCOMO

	WILUS
	Agree with DOCOMO

	APT
	Agree with DOCOMO

	ITRI
	Agree with DOCOMO

	CMCC
	Agree with DOCOMO

	Apple
	Same reason as justification to Scenario-01. 


Q02-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, MTK, ITRI, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: DOCOMO, Fujitsu
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Simple solution is sufficient.

	Qualcomm 
	A solution is needed, since the collision between the URLLC SR and P-CSI may be hard to avoid. 

	Vivo
	This issue should be handled in RAN1 and a solution is needed.

	InterDigital
	Following R15 rule (multiplexing CSI with URLLC SR) may fail to satisfy latency requirement of URLLC SR when e.g. CSI is on a long PUCCH.

	ZTE
	Solutions are needed for collision of channel with different priorities. R15 rules cannot be reused here. 

	CATT
	A solution is needed for this scenario.

	OPPO
	A solution is needed due to Rel-15 rule may fail to satisfy latency requirement of URLLC.

	Huawei
	Simply reusing Rel-15 may not guarantee URLLC SR performance. 

	LGE
	This scenario should be handled in RAN1.

	Nokia, NSB
	A new handling rule needs to be defined compared to Rel-15.

	Sharp
	A simple solution is preferred. 

	Samsung
	Similar to SR/HARQ-ACK collisions – UE knows at the PHY whether to multiplex or not.

	Intel
	New handling rules need to be defined compared to Rel-15

	MTK
	This issue should be handled in RAN1 and a solution is needed.

	ITRI
	A simple solution is preferred.

	CMCC
	This issue should be handled in RAN1 and a solution is needed.

	Motorola Mobility, Lenovo
	RAN1 based solution is needed.


Q02-3: Detailed analysis/solutions for the scenario

(e.g. Simply following R15? Or some enhancements are needed?)
	Company
	View

	DOCOMO
	Simple solution is preferred that is just to drop CSI and prioritize SR transmission so that the SR transmission reliability and low latency is ensured. 

	Qualcomm
	For P-CSI, we prefer to drop the CSI and transmit URLLC SR if it is positive, and transmit P-CSI if the URLLC SR is negative. 

For A-CSI on PUSCH, the priority of the A-CSI is determined based on the corresponding PUSCH; the handling rule is the same as the collision between PUSCH and SR. 

	vivo
	In current specs, SR is always multiplexed with CSI PUCCH. However, if URLLC SR is multiplexed on a PUCCH with long format carrying CSI, the latency is prolonged. On the other hand, the reliability of URLLC SR may be not guaranteed based on CSI code rate.      

Thus the following solution is suggested 

· Before UE transmits CSI PUCCH, if negative URLLC SR, UE transmits CSI.
· If positive URLLC SR, UE drops CSI and transmits SR.
· During UE transmitting CSI PUCCH, for example CSI using long PUCCH, UE transmit SR and cancel remaining CSI transmission or puncture CSI PUCCH.

	InterDigital
	If URLLC SR is positive and resource for URLLC SR overlaps with PUCCH resource for CSI, drop CSI.

If CSI multiplexed on PUSCH, follow same rule as for SR overlapping with PUSCH.

	ZTE
	If the ending symbol of PUCCH resource for CSI is no later than the ending symbol of the PUCCH for SR, reuse Rel-15 rules for multiplexing, otherwise drop CSI. 

	CATT
	For CSI on PUCCH and CSI on PUSCH without UL-SCH overlapping with URLLC SR, drop CSI.

For CSI on PUSCH with UL-SCH overlapping with URLLC SR, follow the rules in scenarios 04 and 15. 

	Panasonic
	Agree with DOCOMO.

	OPPO
	For P-CSI, if multiplexing rule is met, reuse Rel-15 for multiplexing, otherwise, drop CSI. Rel-15 multiplexing rule is the baseline and additional condition, e.g. the ending symbol of PUCCH resource for CSI, could be considered to avoid unacceptable latency from multiplexing resource.

For A-CSI, follow the same rule as for URLLC SR overlapping with eMBB PUSCH.

	Huawei
	Multiplex if the ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH. Otherwise drop CSI.

	LGE
	According to Rel-15 specification, SR is multiplexed on CSI PUCCH resource. However under this collision scenario, if URLLC SR is configured with short PUCCH format (i.e., PF0) and CSI is configured with long PUCCH format (i.e., PF3 or PF4), the latency of URLLC SR may be severely impacted. Our proposal is to puncture CSI resource for URLLC SR in order to keep the SR latency. 

On the other hand, for the other combinations of configurations (e.g., SR on PF0/1 & CSI on PF2 or SR on PF1 & CSI on PF3/4), it seems that the latency of SR is of less importance. Thus, our preference is to follow Rel-15 rule (i.e., multiplexing SR on CSI resource).

	Nokia, NSB
	CSI is typically of low priority even if it is intended for URLLC. Also, the CSI payload size is not negligible and could thus impact the reliability of SR when they are multiplexed together. Hence, in general it makes sense to drop the CSI when it collides with positive SR in this case.

	Sony
	Drop CSI since CSI does not affect latency or has any immediate impact on the reliability.

	Fujitsu
	Drop CSI if SR is positive.

	Sharp
	URLLC SR has higher priority than CSI. Thus, URLLC SR can drop/puncture channel carrying CSI. 

	Spreadtrum
	Drop CSI if there is a positive SR.

	ETRI
	Multiplex SR and CSI as baseline. Discuss whether different code rate can be applicable for one PUCCH.

	Samsung
	Simple solution is preferred. URLLC SR is prioritized to transmit and CSI is dropped.

	Ericsson
	CSI should be treated as low priority, and therefore it should be dropped

	WILUS
	URLLC SR transmission is prioritized at least for P-CSI if the SR is positive. 

	Intel
	If SR is associated with a higher priority, such as in Scenanio-02, following points can be noted.

· If CSI report is mapped to a resource with PF2, SR can be potentially multiplexed assuming ending symbol of resource with PF2 is no later than SR resource so that latency is not increased. However, depending on number of bits in CSI report, SR reliability can be impacted.

· If CSI report is mapped to a resource with PF3 or PF4, there is chance of not just latency increase but also reliability loss.

Hence, a simple solution can be adopted that CSI report is dropped if SR is identified to be of high priority.

	MTK
	Drop CSI when colliding URLLC SR is positive. 

URLLC SR reliability is paramount, while only a limited flexibility can be assumed with respect to its latency. Always dropping CSI when colliding with positive URLLC SR is probably affordable. Considerations:

· PMI, RI vary slowly
· Loss of CQI has limited impact, especially if CSI periodicity is designed defensively

	ITRI
	Positive SR: Drop CSI.

Negative SR: Transmit CSI

	CMCC
	If the multiplexing conditions are met, try to multiplex the UCIs, otherwise drop CSI.

	Motorola Mobility, Lenovo
	If a PUCCH resource for CSI is configured as a high priority PUCCH, CSI and URLLC SR can be multiplexed in a high priority PUCCH which ends no later than a high priority PUCCH resource for URLLC SR. 

If a PUCCH resource for CSI is configured as a low priority PUCCH, drop CSI.   

	Apple
	P-CSI should be treated for lower priority and can be dropping to avoid impacts on URLLC SR. For A-CSI, transmission SR should be considered in certain cases, e.g. the SR latency will not be increased depending on the ending symbol of A-CSI PUSCH; Otherwise, dropping A-CSI PUSCH to ensure URLLC latency budget.  


3.3. Scenario-03: CSI vs. URLLC HARQ-ACK
Q03-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	The HARQ-ACK and CSI are both generated at physical layer, therefore how to handle the collision case for HARQ-ACK and CSI should be addressed by RAN1.

	Qualcomm 
	Agree with DOCOMO. 

	Vivo
	Agree with DOCOMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Agree with DOCOMO

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO

	Ericsson
	Agree with DOCOMO

	WILUS
	Agree with DOCOMO

	APT
	Agree with DOCOMO

	ITRI
	Agree with DOCOMO

	CMCC
	Agree with DOCOMO

	Apple
	Agree with DOCOMO


Q03-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario should be treated in RAN1 with a low priority. 

· Companies: DOCOMO, Fujitsu
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Simple solution is preferred.

	Vivo
	This issue should be handled in RAN1 and a solution is needed.

	InterDigital
	Following R15 rule (multiplexing CSI with URLLC HARQ-ACK) may fail to satisfy latency and reliability requirement of URLLC HARQ-ACK when e.g. CSI is on a long PUCCH.

	ZTE
	Solutions are needed for collision of channel with different priorities. 

	CATT
	A solution is needed for this scenario.

	OPPO
	A solution is needed for this scenario.

	Huawei
	Simply reusing Rel-15 may not guarantee URLLC HARQ-ACK performance

	LGE
	A solution is needed for this scenario.

	Nokia, NSB
	A new handling rule needs to be defined compared to Rel-15.

	Sharp
	A simple solution is preferred.

	Samsung
	It needs a solution

	WILUS
	Simple solution is needed

	Intel
	Agree with InterDigital

	ITRI
	Simple solution is preferred

	CMCC
	This issue should be handled in RAN1 and a solution is needed.

	Motorola Mobility, Lenovo
	RAN1 based solution is needed.


Q03-3: Detailed analysis/solutions for the scenario

(e.g. Simply following R15? Or some enhancements are needed?)
	Company
	View

	DOCOMO
	In our opinion, Rel-15 rule for multiplexing HARQ-ACK and CSI on PUCCH resource for HARQ-ACK cannot be directly reused. Since it will impact the reliability for URLLC HARQ-ACK especially when CSI information bits is large. A simple way is preferred that is to drop CSI and prioritize HARQ-ACK transmission.

	Qualcomm 
	For P-CSI, agree with DOCOMO, i.e., drop P-CSI and transmit HARQ-ACK. The dropping shall be performed on the overlapping symbols as well as the symbols afterwards. 

Furthermore, we propose to relax the timeline condition in Rel-15. More specifically, the URLLC PDSCH (corresponding to the HARQ-ACK) does not need to come N1 symbols before the start of the P-CSI transmission. 

	Vivo
	In current spec, timeline for HARQ-ACK and CSI multiplexing needs to be checked. If timeline for multiplexing is satisfied, HARQ-ACK and CSI can be multiplexed. Otherwise, it is deemed as error case. For URLLC, the HARQ-ACK transmission should have higher priority than CSI. UE behavior should be defined to guarantee URLLC HARQ-ACK transmission. 

For this issue, the following alternatives are observed

Alt1: URLLC HARQ-ACK and CSI are multiplexed on URLLC HARQ-ACK PUCCH resource. Separate coding for URLLC HARQ-ACK and CSI with different code rates is used. 
· URLLC HARQ-ACK Res is determined based on URLLC HARQ-ACK code rate. 
· The remaining Res are used for CSI. If CSI actual code rate exceeds the indicated CSI maximum code rate, the total or partial CSI can be dropped. 
Alt 2: URLLC HARQ-ACK is transmitted and CSI is cancelled or punctured by URLLC HARQ-ACK 


	InterDigital
	If resource for URLLC HARQ-ACK overlaps with PUCCH resource for CSI, drop CSI.

If CSI multiplexed on PUSCH, follow same rule as for HARQ-ACK overlapping with PUSCH.

	ZTE
	If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop CSI. 

	CATT
	For CSI on PUCCH and CSI on PUSCH without UL-SCH overlapping with URLLC HARQ-ACK, drop CSI.

For CSI on PUSCH with UL-SCH overlapping with URLLC HARQ-ACK, follow the rules in scenarios 05 and 16. 

	Panasonic
	Our view is to drop CSI would be the simplest solution for keeping the reliability of HARQ-ACK transmission because CSI can be considered to have lower priority than HARQ-ACK, 

	OPPO
	For P-CSI, if multiplexing rule is met, reuse Rel-15 for multiplexing, otherwise, drop CSI. Rel-15 multiplexing rule is the baseline and additional condition, e.g. the ending symbol of PUCCH resource for CSI, could be considered to avoid unacceptable latency from multiplexing resource.

For A-CSI, follow the same rule as for URLLC HARQ-ACK overlapping with  eMBB PUSCH.

	Huawei
	Multiplex under conditions of: 

1, timeline satisfies and 

2, ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH.

Otherwise drop CSI

	LGE
	Considering that the reliability of URLLC HARQ-ACK may be affected by CSI payload, our preference is to drop CSI.

	Nokia, NSB
	CSI is typically of low priority even if it is intended for URLLC. Also, in contrast to SR, the CSI payload size is not negligible and could thus impact the reliability of HARQ-ACK when they are multiplexed together. Hence, in general it makes sense to drop the CSI in this case.

	Sony
	Drop CSI since CSI does not affect latency or has any immediate impact on the reliability.

	Fujitsu
	Drop CSI if SR is positive.

	Sharp
	For PUCCH collision, transmit URLLC HARQ-ACK PUCCH and drop CSI PUCCH.

If CSI is on PUSCH, discuss after URLLC HARQ-ACK and PUSCH case. 

	Spreadtrum
	Drop CSI.

	ETRI
	Rel-15 may not be directly applied to guarantee URLLC requirement. For ACSI, multiplex HARQ-ACK and CSI is considered. For PCSI, dropping CSI may not always be efficient. If multiplexing PCSI and HARQ-ACK are discussed, then it can be also discussed whether different code rate can be applied in one PUCCH.

	Samsung
	Multiplex for URLLC CSI, drop CSI for MBB CSI.

	Ericsson
	Rel-15 is used as baseline for multiplexing with following simplifications.

If multiplexing timeline is not met, drop eMBB and transmit only URLLC. Otherwise, a PUCCH resource set configured for URLLC AN for the corresponding sub-slot URLLC that supports the total number of URLLC AN and eMBB CSI is used for multiplexing.

· If the determined PUCCH resource based on the last DCI for URLLC DPSCH, overlaps with any other PUCCH/PUSCH resource in the slot, multiplexing is not performed and  CSI is dropped and AN is transmitted in the URLLC PUCCH.
· Otherwise,  total UCI (i.e. URLCC AN and CSI) is multiplexed on the new determined URLLC PUCCH resource.

	WILUS
	URLLC HARQ-ACK transmission is prioritized at least for P-CSI. 

	Intel
	If resource of HARQ-ACK based on a codebook with high priority overlap with resource of P-CSI, CSI is dropped. If HARQ-ACK is associated with a codebook with low priority, follow Rel15 rules.

	MTK
	Drop CSI if collision is with “fast” HARQ codebook. Considerations:

· URLLC HARQ reliability and latency must be ensured

· PMI, RI vary slowly
· Loss of CQI has limited impact, especially if CSI periodicity is designed defensively
· Multiplexing between CSI and “slow” codebook can be used if reliability and latency are satisfied, and eMBB HARQ codebook is  not scheduled onto the same slot as CSI

	ITRI
	Drop CSI

	CMCC
	If the multiplexing conditions are met, try to multiplex, otherwise drop CSI.

	Motorola Mobility, Lenovo
	If a PUCCH resource for CSI is configured as a high priority PUCCH, CSI and URLLC HARQ-ACK can be multiplexed in a high priority PUCCH which ends no later than a high priority PUCCH resource for URLLC HARQ-ACK. 

If a PUCCH resource for CSI is configured as a low priority PUCCH, drop CSI.   

	Apple
	Rel-15 multiplexing schemes of CSI and HARQ-ACK should be reused as much as possible unless the latency and reliability requirements of UCI for URLLC cannot meet.  




3.4. Scenario-04: URLLC PUSCH vs. URLLC SR
Q04-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, SR, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: Sony, Fujitsu
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Given the agreements made in the last meeting that SR priority should be known in PHY, RAN1 can discuss this case on how to use the SR priority from PHY perspective. Meanwhile, RAN2 should also be involved since the procedure of handling SR and PUSCH collision is also specified in MAC layer.

	Qualcomm
	This is related to RAN1. 

	Vivo
	This scenario is related to RAN1 and RAN2.

	InterDigital
	RAN1 handles overlap between resources for SR and PUSCH (note that the scenario of positive URLLC SR overlapping with URLLC PUSCH should not occur).

	ZTE
	It’s up to RAN1 for decision. 

	CATT
	This scenario is related to both RAN1 and RAN2.

	Panasonic
	SR transmission procedure is handled by RAN2 specification. For both SR and PUSCH, the priority in PHY can be determined based on the priority given by MAC. RAN1 involvement would be necessary for the interaction between the priority instructed from MAC and the priority in PHY.

	OPPO
	This scenario is related to both RAN1 and RAN2.

	Huawei
	Mainly related to RAN2, but also related to RAN1 since in some cases the SR and MAC PDU would be both sent to the PHY layer.

	LGE
	This scenario is related to both RAN1 and RAN2. 

	Nokia, NSB
	This scenario is related to both RAN1 and RAN2.
With the working assumption from RAN1#97 that “SR priority (e.g. high or low priority) is known at PHY layer.”, such SR priority information can be used in PHY for handling the collision between SR and PUSCH. It should be noted that RAN2 has ongoing discussion about handling SR and PUSCH collision as well.

	Sony
	Please note that RAN2 has an entire email discussion just on PUSCH & SR prioritization (Email discussion [106#56][IIOT] SR vs PUSCH prioritization).  

	Fujitsu
	SR is indicated by MAC layer. MAC PDU for PUSCH transmission is generated by MAC layer. Hence, MAC layer could handle the prioritization between SR and PUSCH. No need to compare the priority of SR and PUSCH in PHY layer.

If piggybacking URLLC SR on URLLC PUSCH is supported in Rel-16, RAN1 discusses how to multiplex.

If piggybacking URLLC SR on URLLC PUSCH is not supported in Rel-16, RAN1 discusses dropping rules following MAC layer decision.

	Sharp
	RAN1 related topic

	Spreadtrum
	This scenario is related to both RAN1 and RAN2.

	Samsung
	RAN1 issue

	WILUS
	This scenario is related to both RAN1 and RAN2.

	Intel
	Related to RAN1

	MTK
	This scenario is related to both RAN1 and RAN2.

	CMCC
	This scenario is related to both RAN1 and RAN2.

	Motorola Mobility, Lenovo
	Related to RAN1


Q04-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: Nokia, NSB, CMCC
· This scenario should be treated in RAN1 with a low priority. 

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, MTK, CMCC, Motorola Mobility, Lenovo, Apple
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Low priority since Rel.15 rule can be directly reused without decreasing the performance. 

	Qualcomm
	Agree with DOCOMO’s view.

	Vivo
	This scenario should be treated in RAN1 with a low priority

	InterDigital
	Agree with DOCOMO

	ZTE
	Rel-15 rules could be reused here. 

	Panasonic
	We think no need of the modification to Rel.15 rule, i.e., drop SR.

	OPPO
	This scenario is related to both RAN1 and RAN2. 

	Huawei
	Low priority as the RAN2 input may be needed

	LGE
	Agree with DOCOMO

	Nokia, NSB
	Even though we agree that the R15 rule can be reused, this scenario is still an important one that requires us to reach an agreement.

	Sony
	RAN1 should not waste time on this since RAN2 is working on this.

	Sharp
	Agree with DOCOMO

	Samsung
	Follow Rel-15

	WILUS
	Reuse Rel-15 rule

	Intel
	Wait for RAN2 conclusion

	MTK
	Discussion of URLLC SR collision with other UCI should precede this scenario, as it may clarify certain considerations, constraints. We should also wait for RAN2 discussion outcome. 

	CMCC
	Even though we agree that the R15 rule can be reused, this scenario is still an important one that requires us to reach an agreement.

	Motorola Mobility, Lenovo
	Reuse Rel-15 rule


Q04-3: Detailed analysis/solutions for the scenario

(e.g. Simply following R15? Or some enhancements are needed?)
	Company
	View

	DOCOMO
	Rel.15 rule that SR is dropped can be re-used when PUCCH for URLLC SR collides with URLLC PUSCH.

	Qualcomm
	Reuse Rel-15 rule, i.e., drop URLLC SR, and the timeline condition as in Rel-15 needs to be satisfied for both channels. 

	Vivo
	Rel.15 mechanism is reused, i.e. drop SR while colliding with PUSCH.

	InterDigital
	Reuse R15 rule.

	ZTE
	Reuse Rel-15 rules 

	CATT
	Reuse R15 rules, i.e.

· MAC does not instruct PHY to transmit SR if SR resource overlaps with a UL-SCH resource

· For PUSCH without UL-SCH overlapping with SR, drop PUSCH

· If SR overlaps with HARQ-ACK/CSI and the reselected PUCCH resource overlaps with PUSCH, drop SR

	Panasonic
	Reuse Rel-15 rule, drop SR.

	OPPO
	Rel-15 rules could be reused here.

	Huawei
	Wait for RAN2 input if any; otherwise RAN1 behavior can be defined, such as dropping URLLC SR or piggybacking URLLC SR on URLLC PUSCH

	LGE
	Since SR and PUSCH have the same priority, Rel-15 rule (i.e., dropping SR) can be simply reused but probably we can also wait for RAN2 opinion. 

	Nokia, NSB
	Rel-15 rule can be reused, i.e. dropping SR when SR collides with URLLC PUSCH.

	Sony
	Wait for RAN2’s conclusion and not waste valuable time in RAN1.

	Fujitsu
	As our answer to Q04-1, the discussion on URLLC PUSCH vs URLLC SR should be deprioritized in RAN1. If RAN1 still want to discuss this issue, RAN1 focuses on whether support carrying URLLC SR over URLLC PUSCH.

	Sharp
	Rel-15 rules can be reused, i.e. drop SR.

	Spreadtrum
	Reuse Rel-15 rules.

	ETRI
	Reuse Rel-15.

	Samsung
	Follow Rel-15. Also, support simultaneous PUSCH and PUCCH as a UE capability in which case no other handling is needed.

	Ericsson
	Reuse Rel-15

	WILUS
	Reuse Rel-15 as baseline

	Intel
	A unified solution should be adopted that can handle SR vs PUSCH collision irrespective of service type.

MAC prioritization rule of LCHs is sufficient and in this case, the LCH containing PUSCH may have same or higher priority than LCH containing SR when SR resource and PUSCH resource overlap, and consequently, SR is dropped. 



	MTK
	Resolution methods and according priority rules are needed for this scenario. 
Method-1: L2 expected to handle priority between PUSCH and SR and only pass one of them to L1. If L2 passes an SR to L1 then it should be transmitted and the on-going PUSCH dropped. 

Method-2: L1 multiplexes SR and PUSCH if timelines etc. met

Method-3: L1 punctures PUSCH by SR

Combinations of the above.

RAN1 should decide which methods should be supported: multiplexing, dropping, puncturing.

	ITRI
	Reuse Rel-15

	CMCC
	Reuse R15 rules with enhanced timelines

	Motorola Mobility, Lenovo
	Reuse Rel-15 rule

	Apple 
	Reuse Rel-15 rule


3.5. Scenario-05: URLLC PUSCH vs. URLLC HARQ-ACK
Q05-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	Qualcomm
	The priority of HARQ-ACK is known at the PHY layer. As we will explain in our response to Q14-1, the priority of PUSCH should also be indicated by and known at the PHY layer. Finally, similar to all other cases, the decision on whether to drop a channel or multiplex them should be handled by the PHY layer.

	Vivo
	This scenario is related to RAN1

	ZTE
	It’s up to RAN1 for decision. 

	OPPO
	Agree with DOCOMO

	Huawei
	This scenario is related to RAN1

	Sharp
	RAN1 topic

	WILUS
	This scenario is related to RAN1

	CMCC
	This scenario is related to RAN1


Q05-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, CATT,OPPO, LGE, Nokia, NSB, Fujitsu, ETRI, Samsung, WILUS, Intel, APT, CMCC
· This scenario should be treated in RAN1 with a low priority. 

· Companies: Qualcomm, vivo, InterDigital, ZTE, Panasonic, Huawei, Sony, Sharp, Spreadtrum, Ericsson, ITRI, Motorola Mobility, Lenovo
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Although high priority, Rel.15 multiplexing rule can be baseline. Some enhancements are necessary, details see below. 

	Qualcomm
	The Rel. 15 approach without any enhancement is sufficient.

	Vivo
	This scenario should be treated in RAN1 with a low priority

	InterDigital
	R15 multiplexing rules can be reused as a baseline

	ZTE
	Rel-15 rules could be reused here. 

	CATT
	Although R15 rules can be used as baseline, there are some cases which are not supported in R15 which can be useful in URLLC scenario. We propose to discuss these cases. Details can be found in our answer to Q05-3.

	OPPO
	Reuse Rel-15 rules

	Huawei
	Low priority as Rel-15 rules can be simply reused, while behavior can be defined for the case that timeline is not satisfied 

	Nokia, NSB
	Enhancements on the collision handling between high priority HARQ-ACK and high priority PUSCH would be needed comparing to Rel-15. Please see details in Q05-3.

	Sony
	Rel-15 procedure can be used so no need to spend valuable time discussion about Rel-15 procedures.

	Sharp
	Reuse Rel-15 rules

	ETRI
	Reuse Rel-15

	Samsung
	Rel-15 did not consider CG-PUSCH. UE may not always be able to multiplex HARQ-ACK in CG-PUSCH. For DG-PUSCH, follow Rel-15.

	WILUS
	As compared with Rel-15, it is necessary to discuss how to multiplex URLLC HARQ-ACK in multiple PUSCH repetitions in a slot

	Intel 
	New RAN1 considerations required

	APT
	Reuse Rel-15 rules, FFS: possible changes for time conditions or beta offset values defined in Rel-15

	MTK
	New RAN1 considerations required. RAN1 should also wait for the conclusions of PUSCH vs. PUSCH priority discussion in RAN2.

	ITRI
	Reuse Rel-15 rules

	CMCC
	Reuse R15 rules with enhanced timelines

	Motorola Mobility, Lenovo
	Reuse Rel-15 rules, taking into account sub-slot based HARQ-ACK feedback timing


Q05-3: Detailed analysis/solutions for the scenario

(e.g. Simply following R15? Or some enhancements are needed?)
	Company
	View

	DOCOMO
	Multiplex URLLC HARQ-ACK in URLLC PUSCH same as in Rel-15 when timeline is satisfied; otherwise drop the HARQ-ACK. In Rel-15, when timeline is not satisfied, it is treated as an error case. While for Rel-16, in order to schedule both DL and UL transmission timely, this case should be allowed. Since URLLC PDSCH has high reliability, in most case the DL HARQ-ACK feedback will be ACK, and with tight latency requirement, even if UE feedback ‘NACK’, it may not contribute to the reliability and latency. Hence, URLLC PUSCH should have a higher priority and HARQ-ACK for URLLC PDSCH can be dropped. 

Another restriction needs to be removed for Rel.16 URLLC is to allow the case that DL assignments for URLLC traffic received later than UL grant scheduling either URLLC or eMBB traffic mapped to the same time instance for HARQ-ACK transmission on PUSCH.

	Qualcomm
	Reuse Rel-15 rule, i.e., piggyback URLLC HARQ-ACK on the URLLC PUSCH when the timeline is satisfied; otherwise, the UE consider this event as an error.  

	Vivo
	Rel-15 mechanism can be reused as baseline. 

In current spec, the following case is an error case. 

· When HARQ-ACK is multiplexed on PUSCH with frequency hopping disabled, there is no enough Res after the first set of consecutive DMRS symbol(s) to multiplex HARQ-ACK
There may be issue for multiplexing, e.g. in the following case, URLLC HARQ-ACK can not be multiplexed on URLLC PUSCH.

· 2 symbols PUSCH with 2 symbols DMRS 

· 2 symbols PUSCH with hopping.

Whether to handle these cases can be further discussed.

	InterDigital
	Reuse R15 multiplexing rules

	ZTE
	Reuse Rel-15 rules 

	CATT
	Reuse R15 rules as baseline.

Further study the following cases which are not allowed in R15:

· PUCCH overlaps with 1-symbol PUSCH or 2/3-symbol PUSCH with frequency hopping;

· PUCCH overlaps with a PUSCH without frequency hopping and the first consecutive DMRS occupy the last symbol of the PUSCH;
· PUCCH overlaps with a PUSCH with frequency hopping and there is no enough Res in either hop to multiplex UCI.

	Panasonic
	Our view is to reuse the Rel.15 rule would be the simplest solution and less specification impact because this case can be considered that PUSCH and HARQ-ACK have the same priority. On the other hand, we agree with DOCOMO that some enhancement relating to timeline could be further studied.

	OPPO
	Reuse Rel-15 rules

	Huawei
	Reuse Rel-15 rules when timeline is satisfied, while behavior can be defined for the case that timeline is not satisfied, e.g. allow the later scheduled channel to override the earlier scheduled channel. 

	LGE
	Since HARQ-ACK and PUSCH have the same priority, Rel-15 rule (i.e., piggybacking HARQ-ACK) can be simply reused.

	Nokia, NSB
	In case timeline is OK, Rel-15 rules can be applied. That is, UCI carrying URLLC HARQ-ACK can be multiplexed with URLLC PUSCH. The reliability of HARQ-ACK can be guaranteed by properly indicated beta_offset value. One potential change is in case frequency hopping is applied for PUSCH, URLLC HARQ-ACK can be mapped to the first part of the PUSCH resource to guarantee latency.

In case timeline is not OK (error case in Rel-15), dropping URLLC HARQ-ACK (no performance degradation to PDSCH reception in terms of latency and reliability).

	Sony
	Reuse Rel-15 procedures, i.e. multiplex HARQ-ACK into PUSCH.

	Fujitsu
	If timeline is satisfied, multiplex URLLC A/N on URLLC PUSCH as same as in Rel-15; if not, drop the URLLC A/N.

	Sharp
	Reuse Rel-15 rules

	Spreadtrum
	Reuse Rel-15 rules.

	ETRI
	Reuse Rel-15 as baseline.

	Samsung
	Re-use Re-15 for DG-PUSCH. Address UE behavior for CG-PUSCH. Also, support simultaneous PUSCH and PUCCH as a UE capability in which case no other handling is needed.

	Ericsson
	Reuse Rel-15

	WILUS
	Reuse Rel-15 rule as much as possible. 

For (mini-slot-level) PUSCH repetition rule introduced in Rel-16, we propose to discuss which PUSCH repetition(s) is/are used to multiplex URLLC HARQ-ACK.

	Intel
	A unified solution should be adopted to handle conflict of HARQ-ACK and PUSCH irrespective of service types. This scenario is treated as an error case in Rel15 when timeline is not met.

Grant-based PUSCH: 

If PDCCH of the PDSCH corresponding to the HARQ-ACK arrives before PDCCH for PUSCH, then gNB is aware of scheduling the urgent PUSCH on the resource of HARQ-ACK and can potentially provision for sufficient resource for multiplexing. 

Both HARQ-ACK and PUSCH can be important. We propose that HARQ-ACK can be multiplexed onto PUSCH if timeline is met. Dropping HARQ-ACK bits always if timeline is not met can be detrimental to DL URLLC transmission. We propose the following procedure.

· If timeline is met, multiplex according to Rel15 procedure

· If timeline is not met, prioritize HARQ-ACK or PUSCH transmission based on time of arrival of the PDCCH of PDSCH corresponding to the HARQ-ACK and PDCCH of the PUSCH, i.e., based on whichever PDCCH ends later indicates a more urgent and prioritized transmission. This is because network already knows about resource allocation of first PDCCH when it sends the second PDCCH, where second PDCCH ends later than first PDCCH. 

For SPS and CG-PUSCH: 

A higher layer parameter can be configured in resource configuration of SPS/CG-PUSCH, which if enabled then HARQ-ACK bits are dropped unless HARQ-ACK is associated with a codebook of high priority



	APT
	Basically, reuse Rel-15 rules. Discuss further whether timeline conditions or beta offset values in Rel-15 should be revisited.

	MTK
	In accordance with our guidelines given in Section 2.22:

- If Timelines are not met for multiplexing then prioritize the transmission scheduled by the later DCI. Drop the other transmission.

- Else if PUSCH was scheduled not earlier than HARQ then multiplex.

- Else if  “fast HARQ codebook” selected then prioritize HARQ, drop PUSCH

- Else multiplex.

	ITR
	Reuse Rel-15 rules

	CMCC
	Reuse R15 rules with enhanced timelines

	Motorola Mobility, Lenovo
	Reuse Rel-15, taking into account sub-slot based HARQ-ACK feedback timing. A UE is not expected to have a URLLC PUSCH that overlaps with URLLC HARQ-ACK and ends later than the URLLC HARQ-ACK (or an ending sub-slot of the URLLC HARQ-ACK). 

	Apple
	Reuse Rel-15


3.6. Scenario-06: URLLC PUSCH vs. CSI
Q06-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Since CSI is derived in the physical layer based on measurement results of DL CSI-RS, the collision case for CSI report and PUSCH is related to RAN1.

	Qualcomm
	Agree with DOCOMO’s view. 

	Vivo
	Agree with DOCOMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Agree with DOCOMO

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO

	WILUS
	Agree with DOCOMO

	CMCC
	Agree with DOCOMO


Q06-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, ETRI, Samsung, Ericsson, WILUS, Intel, APT, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: DOCOMO, Fujitsu, Sharp, MTK
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Simple solution is preferred and sufficient for such case. 

	Vivo
	This scenario should be treated in RAN1 with a high priority

	ZTE
	Additional beta_offset could be introduced for ensuring URLLC PUSCH reliability.

	OPPO
	A solution is needed for this scenario.

	Huawei
	High priority for the collision of low priority channel with high priority channel.

	Nokia, NSB
	A solution is needed for this scenario, and simple rules are preferred.

	Sharp
	Simple solution is preferred, discuss after collisions involving HARQ-ACK and SR.

	Intel
	CSI may need to be dropped in some occasions even if timeline is met

	CMCC
	A solution is needed for this scenario.

	Motorola Mobility, Lenovo
	A solution is needed.


Q06-3: Detailed analysis/solutions for the scenario

(e.g. Simply following R15? Or some enhancements are needed?)
	Company
	View

	DOCOMO
	For this collision case URLLC PUSCH vs CSI, Rel-15 rule can be as baseline. However, PUSCH with high reliability requirement, the current beta_offset value in Rel-15 is not suitable for CSI to occupy more Res in URLLC PUSCH. So new beta_offset value should be introduced to ensure the reliability of URLLC PUSCH transmission.

	Qualcomm
	For P-CSI, we propose to drop the P-CSI and transmit the URLLC PUSCH only. Similar to other cases of URLLC vs eMBB collision discussed above, the dropping shall be performed on the overlapping symbols and all symbols afterwards. Furthermore, the URLLC UL grant does not need to be N2 symbols before the P-CSI transmission. 

	Vivo
	In current spec, timeline for multiplexing CSI on PUSCH is checked firstly. If timeline is satisfied, CSI can be multiplexed on PUSCH. Otherwise, it is deemed as error case. URLLC PUSCH transmission should be guaranteed as higher priority.

For this issue, the following alternatives are observed

Alt 1: If timeline requirement is satisfied, CSI is multiplexed on URLLC PUSCH (betaoffset <1) considering the URLLC PUSCH reliability
· If timeline is not satisfied, drop the whole CSI
Alt 2: Drop CSI, only transmit URLLC PUSCH



	InterDigital
	Always dropping CSI may be excessive. It may be preferable to multiplex according to R15 rules and configure different beta factors to avoid overuse of PUSCH resources by CSI.

	ZTE
	Reuse Rel-15 multiplexing rule with introducing a beta_offset of zero for this case. 

	CATT
	For overlapping URLLC PUSCH and CSI, the timeline requirement in R15 does not need to be satisfied. If timeline requirement is satisfied, reuse R15 rules; otherwise drop CSI.

Some enhancements can be considered such as:

· Introducing smaller alpha or beta-offset values for UCI on URLLC PUSCH transmission;
· Introducing additional configuration of alpha or beta-offset values for CSI (eMBB UCI) multiplexing on URLLC PUSCH.

	Panasonic
	URLLC PUSCH performance would also be ensured by using beta-offset and alpha-factor. In order to ensure URLLC PUSCH reliability, one possibility would be to differentiate beta-offset or alpha-factor depending on URLLC/eMBB. The other possibility is Tx prioritization such as dropping or puncturing eMBB UCI. It might be realized by former possibility by having beta-offset = 0 or alpha factor = 0.

	OPPO
	For P-CSI, If multiplexing rule is met, reuse Rel-15 multiplexing scheme with some new beta_offset, otherwise, drop CSI. Rel-15 multiplexing rule is the baseline. 

For A-CSI, the same rule as eMBB PUSCH vs URLLC PUSCH

	Huawei
	A new beta-offset value can be used to control the resources for CSI piggybacked on URLLC PUSCH, where beta-offset=0 indicates dropping CSI.

Allow CSI piggybacked on URLLC PUSCH if timeline satisfies, and the new Beta_offset>0; otherwise, drop CSI.

	LGE
	Reusing Rel-15 rule can be a baseline. Additionally, our proposal is to introduce small/zero beta offset for the case where gNB thinks CSI can be harmful to the reliability of URLLC PUSCH. 

	Nokia, NSB
	Rel-15 multiplexing rule can be a starting point. However, considering the potential impact on URLLC PUSCH reliability, it should be possible to drop CSI completely even in case the timeline is OK, for example introducing a new beta_offset value as 0. Alternatively, simply dropping CSI is one option as well.

	Sony
	Drop CSI since CSI does not affect latency or has any immediate impact on the reliability.

	Fujitsu
	Drop CSI due that the reliability of URLLC PUSCH should be guaranteed. Beta-offset =0 can be introduced for this purpose.

	Sharp
	Simple solution is preferred by transmitting URLLC PUSCH and dropping CSI to ensure the URLLC PUSCH reliability. 

CSI multiplexing on URLLC PUSCH with different beta offset may be considered with restrictions on timeline and RE usage.

	Spreadtrum
	Drop CSI.

	ETRI
	Reuse Rel-15 as baseline. ACSI can be multiplexed if UL grant indicates otherwise transmit UL-SCH only.

	Samsung
	Follow Rel-15 for data/CSI of same service type. For different service types of data and CSI, prioritize URLLC one. Also, support simultaneous PUSCH and PUCCH as a UE capability in which case no other handling is needed.

	Ericsson
	CSI can be piggy-back on PUSCH if the reliability requirement of the PUSCH is not compromised. For the case that the URLLC PUSCH is scheduled by UL grant, the gNB when schedules the PUSCH is aware of the upcoming overlapping with the CSI PUCCH resource. Hence, if gNB allocates resources to PUSCH such that with CSI, the reliability of PUSCH for URLLC can be met, multiplexing can be done. Otherwise, it should be avoided. Hence, gNB should indicate to the UE whether to multiplex or not. The indication can be done by using the beta factor, where a zero and non-zero value, indicates to drop or multiplex the CSI, respectively.

	WILUS
	Whether to multiplex or drop CSI in a PUSCH can indicated in a DCI scheduling the PUSCH. For example, zero beta offset value can be introduced. 

	Intel
	A unified solution is needed that can handle resource collision of PUSCH and CSI, irrespective of service types

If PUSCH is prioritized, such as in this case, P-CSI is dropped from the instance of PUSCH transmission.

	APT
	When some conditions are met, CSI can be piggybacked on PUSCH. New beta offset values can be introduced to indicate the piggyback behavior for the UE.

	MTK
	Reuse Rel-15 as baseline. URLLC PUSCH performance would also be ensured by using beta-offset and alpha-factor.

	ITRI
	If the CSI is for URLLC and the PUSCH is dynamic scheduled: multiplexing.

Otherwise, drop the CSI (introducing zero beta-offset)

	CMCC
	support the possibility to enable or disable CSI multiplexing on URLLC PUSCH.

If the enabled and multiplexing conditions are met, try to multiplex the CSIs, otherwise drop CSI.

	Motorola Mobility, Lenovo
	If a PUCCH resource for CSI is configured as a high priority PUCCH and a UE does not multiplex A-CSI or SP-CSI in a URLLC PUSCH, the UE multiplexes the CSI in the URLLC PUSCH. 

If the PUCCH resource for the CSI is configured as a low priority PUCCH or if the UE multiplexes A-CSI or SP-CSI in the URLLC PUSCH, drop the CSI.   

	Apple
	Support to multiplex CSI and PUSCH is controlled by network by dynamically indicate the beta-offset values e.g. depending on the corresponding service type of DG based PUSCH and CSI. 


3.7. Scenario-07: eMBB SR vs. URLLC SR
Q07-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies:  DOCOMO, Qualcomm, InterDigital, ZTE, CATT, Panasonic, OPPO, LGE, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, CMCC, Motorola Mobility, Lenovo
· This scenario is not related to RAN1. 

· Companies: vivo, Huawei, Nokia, NSB, Sony, Fujitsu, Intel, MTK
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	For such collision case, given that SR priority is known in PHY layer and that MAC layer cannot always timely make the selection on which SR should be prioritized, it is easier to handle such collision case in PHY layer.  For example: when MAC entity has already instructed eMBB SR transmission in PHY layer, then later, a URLLC SR is triggered, it is impossible for MAC layer to revert the already triggered eMBB SR transmission.

	Qualcomm 
	We think that this is a special case for which the rules we proposed in Section 2 need not be applied. If only one SR is active, then UE can always transmit the active SR, and no special rule is needed.  If both SRs are active, UE can choose to always transmit the URLLC SR, and no special rules in PHY layer is needed either. 

We agree that there are cases in which the eMBB SR is triggered prior to the URLLC SR, but since the processing time for SR is not specified in MAC or PHY specifications, it is hard to justify why eMBB SR requires more time to process than URLLC SR. Furthermore, we also feel that there is no use case for the base station to configure an eMBB SR that overlaps with an URLLC SR resource but the eMBB SR resource starts earlier in time than the URLLC SR resource. Based on the above discussion, we propose to leave the collision resolution in this case up to the UE implementation. 

	Vivo
	This scenario is related to RAN2.

Handling the SR transmissions with different priorities is related to RAN2 and it should be specified in MAC.

	InterDigital
	There may be overlap between positive eMBB SR and positive URLLC SR to be 

handled by physical layer. The URLLC SR may be triggered after a pending eMBB SR, and the physical layer may be instructed to transmit two SRs that can overlap. In addition, when URLLC is configured with very low periodicity (e.g. 2 symbols), configuring eMBB SR such that overlap does not occur is restrictive for the network.

	ZTE
	Agree with DOCOMO

	CATT
	This scenario is related to both RAN1 and RAN2.

	Panasonic
	We share similar understanding as Qualcomm where there is no need to specifically handle this case either in RAN1 or RAN2. For SR collision scenario, which SR transmission is instructed to PHY would be up to MAC implementation. If SR for eMBB is triggered first from MAC to PHY on the next available SR resources and then later if there is data buffer for URLLC and SR for URLLC needs to be triggered. In our understanding, the time will not be sufficient to trigger and transmit the SR on the same resources that is earlier scheduled to transmit eMBB SR.

For the instructed SR, the priority in PHY can be determined based on the priority given by MAC. RAN1 involvement would be necessary for the interaction between the priority instructed from MAC and the priority in PHY.

	OPPO
	This scenario is related to both RAN1 and RAN2.

	Huawei
	Agree with Vivo

	LGE
	We share the view with DOCOMO. If MAC entity has already instructed eMBB SR transmission in PHY layer, and then if URLLC SR is triggered, then this cannot be handled in MAC and could be only handled by PHY. 

	Nokia, NSB
	It is our understanding that RAN2 has no intention to change the related Rel-15 behavior, i.e., it is up to UE implementation at MAC layer to choose one of the SRs and instruct the PHY to transmit SR on one PUCCH resource. So there is no overlapping eMBB SR and URLLC SR at PHY. 

	Sony
	Agree with vivo.  The SR is triggered based on LCP buffer and so the MAC can decide which SR to trigger.

However, if this scenario is about an eMBB SR that has already been triggered by the MAC and then a URLLC SR is later triggered causing collision, then this has RAN1 impact.

	Fujitsu
	Agree with vivo.

	Sharp
	Related to both RAN1 and RAN2. 

	Spreadtrum
	This scenario is related to both RAN1 and RAN2.

	ETRI
	Agree with DOCOMO.

	Samsung
	SR priority is known at PHY – allow UE to drop ongoing MBB SR to transmit URLLC SR – handling/capability up to UE implementation

	WILUS
	This scenario is related to both RAN1 and RAN2.

	Intel
	In our view, there is no case of overlapping SR at PHY

	MTK
	This scenario is being discussed by RAN2. This scenario should be treated in RAN1 with a low priority. The case (detailed by Interdigital) is very unlikely. Nevertheless, we agree that dropping eMBB SR is the straightforward solution.

	CMCC
	Agree with DOCOMO

	Motorola Mobility, Lenovo
	SR priority is known at PHY with RRC SR PUCCH resource configuration (e.g. If PHY considers a PUCCH resource configured in a SR resource configuration being set as a high priority, if a SR configuration associated with the SR resource configuration corresponds to a logical channel with high priority (e.g. with priority value of ‘1’)).


Q07-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, InterDigital, ZTE, LGE, Spreadtrum, ETRI, Samsung
· This scenario should be treated in RAN1 with a low priority. 

· Companies: Qualcomm, vivo, CATT, Panasonic, OPPO, Nokia, NSB, Sony, Fujitsu, Sharp, Ericsson, WILUS, Intel, MTK, CMCC, Motorola Mobility, Lenovo
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Rel.15 rule that is up to UE implementation to select which SR to transmit cannot be directly re-used. 

	Qualcomm
	Please find see our comment on Q07-1. 

	Vivo
	This scenario is to be discussed by RAN2. This scenario should be treated in RAN1 with a low priority.

	InterDigital
	This scenario can occur.

	ZTE
	Agree with DOCOMO

	CATT
	This scenario should be discussed in RAN2 first.

	Panasonic
	Agree with vivo.

	OPPO
	This scenario should be discussed in RAN2 first.

	Huawei
	Low priority as the RAN2 input may be needed

	Nokia, NSB
	Please see our reply to Q07-1.

	Sony
	RAN2 can sort this out.

	Sharp
	This is a corner case although it can happen, e.g. a positive URLLC SR arrives after start transmission of a positive eMBB SR. 

	ETRI
	In our understanding, this scenario is not covered in Rel-15.

	Samsung
	Rel-15 rule for UE to select SR to transmit remains applicable. Enhancement is to allow a UE to drop ongoing SR transmission to transmit another SR.

	MTK
	This scenario is being discussed by RAN2. This scenario should be treated in RAN1 with a low priority. The case (detailed by Interdigital) is very unlikely. Nevertheless, we agree that dropping eMBB SR is the straightforward solution.

	CMCC
	This scenario should be discussed in RAN2 first.

	Motorola Mobility, Lenovo
	URLLC SR can be triggered after start of eMBB SR transmission. RAN1 can discuss how to handle overlapping SR PUCCHs.


Q07-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	Following methods can be considered to let PHY layer know the SR priority of different service: 1) Introduce a SR priority parameter in RRC configuration for SR PUCCH resource(s) so that PHY layer can interpret the priority of SR by PUCCH resource configuration. 2) MAC deliver SR priority based on the associated with LCH priority to PHY layer. 3) A SR priority defined in PHY layer based on SR transmission parameter, e.g., SR periodic or PUCCH duration for SR which is similar as CSI priority defined in PHY layer (TS 38.214 section 5.2.5). 
Based on such priority information, when the PUCCH resource for eMBB SR collides with the PUCCH resource for URLLC SR, drop the SR with lower priority.

	Qualcomm
	Please find see our comment on Q07-1. 

	Vivo
	See the reply on Q07-2.

	InterDigital
	Positive URLLC SR should be prioritized.

For the priority of SR, the most straightforward solution is to explicitly indicate it per SR configuration (part of RRC configuration).

	ZTE
	eMBB SR is dropped when URLLC SR is positive, otherwise, eMBB SR is transmitted when eMBB SR is positive. 

	CATT
	TS 38.321 specifies that the selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation. It is not clear to us whether the selection is done in MAC or in PHY. If SR is selected in MAC, for the case that eMBB SR overlaps with URLLC SR and eMBB SR starts earlier than URLLC SR, MAC may not be able to trigger SR following R15 rule. We need to confirm with RAN2 that URLLC SR can be triggered in this case. If SR is selected in PHY, RAN2 also needs to discuss the impact of SR dropping in PHY.

In PHY, eMBB SR is dropped if it overlaps with URLLC SR.

	OPPO
	If eMBB SR and URLLC SR overlaps, URLLC SR is transmitted.

	Huawei
	Wait for RAN2 input if any; otherwise it can be up to UE to decide which SR to transmit, or always drop eMBB SR as a simple rule

	LGE 
	When URLLC SR is overlapped with eMBB SR, URLLC SR should be prioritized and eMBB SR needs to be dropped if the URLLC SR is positive. Otherwise, eMBB SR can be transmitted.

	Nokia, NSB
	Please see our reply to Q07-1.

	Sony
	Two Scenarios

1) URLLC SR is triggered first followed by traffic arriving at eMBB LCP (which triggers a eMBB SR).  Here, the MAC can avoid triggering the eMBB SR and so this can be sorted by RAN2

2) eMBB SR is triggered first and then traffic arrives at URLLC LCP thereby triggering URLLC SR.  Here we can assume that the later SR has priority over the earlier SR and that the MAC would not trigger the later SR if it knew it would collide with the previous SR.  In this case, the earlier SR (i.e. eMBB SR) is dropped

	Fujitsu
	This is RAN2 scenario. RAN1 discussion, if necessary, should be after RAN2 discussion. 

	Sharp
	A positive URLLC SR should drop a positive eMBB SR.

	Spreadtrum
	Up to UE’s implementation.

	ETRI
	If eMBB SR is received only, then gNB does not assign URLLC PUSCH. Thus, eMBB SR on PUCCH can be dropped to transmit URLLC SR.

	Samsung
	SR priority is part of SR PUCCH resource configuration.

	Ericsson
	Rel-15 can be reused while eMBB SR should be dropped, although in the end it is up to UE implementation

	WILUS
	URLLC SR transmission is prioritized if URLLC SR is positive. eMBB SR may be transmitted if URLLC SR is negative.

	Intel
	At a given time, only one SR is transmitted. Hence, this case does not occur.

	MTK
	Normally L2 handles collision. L1 to drop eMBB SR if overlaps with positive URLLC SR. (Unrealistic collision scenario as it assumes that L2 receives a URLLC request while eMBB SR is being transmitted, and SR occasions overlap.)

	CMCC
	If the multiplexing conditions are met, try to multiplex, otherwise drop eMBB SR.

	Motorola Mobility, Lenovo
	If a URLLC SR PUCCH overlaps with an eMBB SR PUCCH, drop transmission of the eMBB SR PUCCH.

	Apple 
	Drop the eMBB SR. 


3.8. Scenario-08: eMBB SR vs. URLLC HARQ-ACK
Q08-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic ,OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	The HARQ feedback is generated in the physical layer for the received transport block which is invisible to MAC layer. On the other hand, based on the agreements, the SR priority should be known in PHY layer. Therefore, the collision case related to HARQ-ACK and SR should be addressed in RAN1.

	Qualcomm
	Agree with DOCOMO’s view. 

	Vivo
	Agree with DOCOCMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	For SR, the priority in PHY can be determined based on the priority given by MAC. For HARQ-ACK, by successful decoding of PDSCH, logical channel can be known to MAC and this information can be used for the priority of ACK. On the other hand, this does not indicate the priority in the case of NACK. In addition, processing time is the issue if decoding MAC is required. Therefore, our view is the priority of HARQ-ACK should be determined by PHY and the collision case related to HARQ-ACK should be discussed in RAN1.

	OPPO
	Agree with DOCOMO

	Huawei
	Agree with DOCOCMO 

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO

	Ericsson
	Agree with DOCOMO

	WILUS
	Agree with DOCOMO

	APT
	Agree with DOCOMO

	CMCC
	Agree with DOCOMO


Q08-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, ITRI, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: MTK
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	vivo
	This scenario should be treated in RAN1 with a high priority

	ZTE
	Rel.15 rule cannot be reused here. 

	OPPO
	A solution is needed for this scenario

	Huawei
	High priority for the collision of low priority channel with high priority channel

	Sharp
	SR priority differentiation should be supported, thus, the case of eMBB SR and URLLC SR with URLLC HARQ-ACK should be discussed together.

	MTK
	Reuse Rel-15

	Motorola Mobility, Lenovo
	A solution is needed.


Q08-3: Detailed analysis/solutions for the scenario

	Company
	View


URLLC HAR

	-ACK with PF3

	
	URLLC HARQ-ACK with PF4

	

	
	

	Qualcomm
	We propose to drop the eMBB SR (if eMBB SR is positive), and the dropping is performed on and after the overlapping symbols. Furthermore, the URLLC PDSCH does not need to be N1 symbols before the eMBB SR. 

	vivo
	Rel-15 mechanism can be baseline.  For eMBB SR with multiple bits multiplexing on URLLC HARQ-ACK resource, the reliability of URLLC HARQ-ACK may be impacted. 

· E.g. the actual code rate after multiplexing of eMBB SR and URLLC HARQ-ACK is larger than maximum code rate for URLLC HARQ-ACK.

	InterDigital
	Multiplexing according to R15 rules at least when URLLC HARQ-ACK is on PF2, PF3 or PF4 since the impact on URLLC HARQ-ACK performance should be small. Otherwise, drop eMBB SR.

	ZTE
	If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB SR.

	CATT
	For overlapping eMBB SR and URLLC HARQ-ACK, the timeline requirement in R15 does not need to be satisfied. Reuse R15 rules if certain conditions are satisfied (timeline/ latency), otherwise drop eMBB SR.

	Panasonic
	Option 1: Drop eMBB SR as baseline

Option 2: Reuse Rel.15 rule as baseline

	OPPO
	If multiplexing rule is met, reuse Rel-15 multiplexing scheme, otherwise, drop eMBB SR. Rel-15 multiplexing rule is the baseline and additional condition, e.g. the ending symbol of PUCCH resource for eMBB SR, could be considered to avoid unacceptable latency from multiplexing resource.

	Huawei
	Multiplex eMBB SR and URLLC HARQ-ACK under conditions of: 

1, timeline satisfies, and 

2, ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH.

Otherwise drop eMBB SR

	LGE
	Our preference is to reuse Rel-15 rule (i.e., multiplexing).

	Nokia, NSB
	In this case, HARQ-ACK should be considered as more important than SR, which is the same assumption as used in Rel-15 handling. Therefore, the Rel-15 handling rules can be reused in this case.

	Sony
	Depends on the PUCCH Format used.

· URLLC HARQ-ACK on PF0 vs eMBB SR on PF0 or PF1 then multiplex SR onto URLLCH HARQ-ACK on PF0.  This does not affect the reliability of the URLLC HARQ-ACK so might as well transmit the eMBB SR

· URLLC HARQ-ACK on PF1, then drop eMBB SR since PF1 cannot multiplex HARQ-ACK and SR

· URLLC HARQ-ACK on PF2, PF3 or PF4, then eMBB SR is multiplexed with URLLC HARQ-ACK if OSR (number of appended SR bits) does not exceed the configured maximum code rate r, otherwise drop the eMBB SR.  NOTE: The UE anyhow has to perform this code rate check as per Rel-15 procedure to determine the number of PUCCH PRBs so might as well do this check to ensure URLLC reliability is not compromised.

	Fujitsu
	The reliability of URLLC A/N should be guaranteed. If Rel-15 mechanism could satisfy this condition, reuse Rel-15 mechanism. If not, drop eMBB SR and transmit URLLC A/N.

	Sharp
	More details should be discussed for SR differentiation based on the HARQ-ACK PUCCH formats. For example, for PF0, how to distinguish positive URLLC SR from positive eMBB SR. For PF2/3/4, how to count SR configurations. 

	Spreadtrum
	Drop eMBB SR.

	ETRI
	Dropping eMBB SR is a simple solution, but in some cases such as SPS PDSCH, HARQ-ACK and SR can periodically collide. Discuss reusing the multiplexing solution as Rel-15.

	Samsung
	Drop eMBB SR. Same handling as for eMBB SR collision with URLLC SR collision.

	Ericsson
	Drop eMBB SR

	WILUS
	Two options can be considered. One is to reuse Rel-15 multiplexing rule if reliability and latency are guaranteed. Another option is always to drop eMBB SR. 

	Intel
	A given SR configuration and a given HARQ-ACK codebook configuration each may have associated priority tag (high/low).

If resources of SR and HARQ-ACK overlap and SR has lower priority, we propose to use Rel15 rules as baseline



	MTK
	Agree with Nokia that Rel-15 handling is convenient here, as it already protects HARQ. Note that the probability of a collision is relatively low (as eMBB SR periodicity is not constrained by latency requirements), and efficiency impact is negligible. PF1 eMBB SR vs. PF0 URLLC HARQ, which could influence the HARQ latency by multiple symbols, is also probability. 

	ITRI
	Reuse Rel.15 rule as baseline

	CMCC
	If the multiplexing conditions are met, try to multiplex, otherwise drop eMBB SR.

	Motorola Mobility, Lenovo
	If a URLLC HARQ-ACK PUCCH overlaps with an eMBB SR PUCCH, drop transmission of the eMBB SR PUCCH.

	Apple
	Drop eMBB SR


3.9. Scenario-09: eMBB SR vs. CSI
Q09-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Since CSI is derived in the physical layer based on measurement results of DL CSI-RS, therefore the collision case for CSI report and SR can be handle in RAN1.

	Qualcomm
	Agree with DOCOMO’s view. 

	Vivo
	Agree with DOCOMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO.

	Ericsson
	Agree with DOCOMO.

	WILUS
	Agree with DOCOMO.

	CMCC
	Agree with DOCOMO.


Q09-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: OPPO, Samsung
· This scenario should be treated in RAN1 with a low priority. 

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Ericsson, WILUS, Intel, MTK, CMCC, Motorola Mobility, Lenovo
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	During SI, whether to support CSI enhancement for URLLC was discussed while there is no consensus on utilizing CSI for URLLC to ensure the reliability. Considering the limited RAN1 budget, we think the collision handling related to CSI can be deprioritized.

	InterDigital
	No reason to do differently from R15 for this case.

	ZTE
	Rel.15 rule can be reused here. 

	Panasonic
	Our view is to reuse Rel.15 rule would be the simplest solution and less specification impact.

	OPPO
	Reuse Rel-15 rules

	Huawei
	Low priority as Rel-15 rules can be simply reused

	Nokia, NSB
	We do not see the need to provide special treatment for CSI, so Rel-15 behavior is sufficient.

	Sony
	eMBB SR is low priority and CSI is also low priority, therefore this is doubling low priority.

	Fujitsu
	No need to discuss this issue, due that it has already been agreed no high-priority CSI is supported in Rel-16. Hence, how to handle CSI and eMBB SR should be as same as Rel-15.

	Sharp
	RAN1 should discuss whether to support separate CSI report for URLLC first.  If not, no enhancement is needed.

	ETRI
	Reuse Rel-15 as baseline.

	Samsung
	SI discussions considered A-CSI enhancements for URLLC – not whether there is (or is not) CSI for URLLC.

	Intel
	Reuse Rel-15 rules

	MTK
	Reuse Rel-15 as baseline.

	ITRI
	Reuse Rel-15 rules as baseline.

	CMCC
	Reuse R15 rules


Q09-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	Just re-use Rel.15 rule is sufficient.

	Qualcomm
	Agree with DOCOMO’s view. 

	Vivo
	Rel-15 mechanism is reused.

	InterDigital
	Reuse R15 rules.

	ZTE
	Reuse R15 rules.

	CATT
	Reuse R15 rules.

	Panasonic
	Reuse Rel.15 rule.

	OPPO
	Reuse Rel-15 rules

	Huawei
	Reuse R15 rules.

	LGE
	Reuse Rel-15 rule.

	Nokia, NSB
	Reuse Rel-15 rules

	Sony
	Reuse Rel-15 procedures.

	Sharp
	Reuse R15 rules.

	Spreadtrum
	Reuse Rel-15 rules.

	ETRI
	Reuse Rel-15 as baseline.

	Samsung
	Treat CSI the same way as SR. UE knows priority at PHY layer as part of the PUCCH resource configuration. 

	Ericsson
	Reuse Rel-15

	WILUS
	Reuse Rel-15 rule

	Intel
	If SR is identified to be of low priority, reuse Rel15 rules.

	MTK
	Reuse Rel-15 as baseline.

	ITRI
	Reuse Rel-15 rules as baseline.

	CMCC
	Reuse R15 rules

	Motorola Mobility, Lenovo
	If a PUCCH resource for CSI is configured as a high priority PUCCH, consider it as an error case.

If a PUCCH resource for CSI is configured as a low priority PUCCH, reuse Rel-15 rule.

	Apple
	Reuse R15 rules


3.10. Scenario-10: eMBB SR vs. URLLC PUSCH
Q10-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: Sony
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Both RAN1 and RAN2 should be involved.

	Qualcomm
	This is related to RAN1 for the following reasons: (1) RAN1 has already agreed that the SR priority is known at PHY, and (2) The PUSCH priority should be given by the PHY layer for the reasons mentioned under our response to Q14-1.

	Vivo
	This scenario is related to RAN1.

	InterDigital
	The scenario of positive eMBB SR overlapping with URLLC PUSCH should not be common, as MAC would not instruct PHY to transmit SR when it overlaps with PUSCH if the SR priority is less than the PUSCH priority. 

	ZTE
	It’s up to RAN1 for decision. 

	OPPO
	This scenario is related to both RAN1 and RAN2.

	Huawei
	Mainly related to RAN2, but also related to RAN1 since in some cases the SR and MAC PDU would be both sent to the PHY layer.

	LGE
	We think this scenario is related to both RAN1 and RAN2.

	Nokia, NSB
	Similar as Scenario-04, both RAN1 and RAN2 should be involved.

	Sony
	Again, please note that RAN2 has an ENTIRE EMAIL discussion solely on this topic.

	Sharp
	RAN1 related

	ETRI
	Both RAN1 and RAN2 are related.

	Samsung
	Agree with Qualcomm.

	Ericsson
	Agree with Qualcomm.

	APT
	This scenario is related to both RAN1 and RAN2.

	MTK
	Agree with Sony that we should wait for RAN2. However, new RAN1 considerations are also needed.

	ITRI
	This scenario is related to RAN1.

	CMCC
	This scenario is related to both RAN1 and RAN2.

	Motorola Mobility, Lenovo
	Related to RAN1


Q10-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: Qualcomm, InterDigital, CATT, Nokia, NSB, Spreadtrum, Samsung, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies:  DOCOMO, vivo, ZTE, Panasonic, OPPO, Huawei, LGE, Sony, Fujitsu, Sharp, ETRI, WILUS, Intel, MTK, ITRI, CMCC
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Simple solution is preferred.

	Vivo
	This scenario should be treated in RAN1 with a low priority.

	ZTE
	R15 rule could be reused here. 

	CATT
	R15 rule (as in our answer to Q04-3) is not appropriate. 

	Panasonic
	We think no need of the modification to Rel.15 rule, i.e., drop SR.

	OPPO
	This scenario should be discussed in RAN2 first.

	Huawei
	Low priority as the RAN2 input may be needed

	Nokia, NSB
	The scenario needs to be addressed in RAN1, even though Rel-15 rules can be reused.

	Sony
	Low priority and should wait for RAN2’s conclusion.  Stop wasting time in RAN1.

	Sharp
	No enhancement is needed, same as SR + PUSCH for eMBB. 

	ETRI
	Rel-15 can be generalized to this scenario.

	Samsung
	Rel-15 can be reused

	Intel
	Wait for RAN2 conclusion

	MTK
	Wait for RAN2 conclusion

	ITRI
	Simple solution is preferred.

	CMCC
	This scenario should be discussed in RAN2 first.

	Motorola Motility, Lenovo
	A solution to guarantee URLLC UL-SCH reliability is needed


Q10-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	Rel-15 multiplexing rule that SR is dropped can be re-used when eMBB SR collides with URLLC PUSCH. 

	Qualcomm
	We propose to drop the eMBB SR (if eMBB SR is positive and is already started prior to the URLLC PUSCH), and the dropping is performed on and after the overlapping symbols. Furthermore, the URLLC grant does not need to be N2 symbols before the eMBB SR. Also, it should be noted that including eMBB BSR on URLLC PUSCH can negatively impact the performance of the URLLC uplink data and should be avoided.  

	Vivo
	In current specs, PUSCH and SR are not allowed to be transmitted simultaneously. 

During eMBB SR transmission occasion, it should be allowed that URLLC PUSCH is scheduled by gNB due to the higher priority.

The following solution is suggested:

UE is scheduled with a URLLC PUSCH colliding with eMBB SR, e.g. during eMBB SR transmission with long PUCCH format,

· Drop eMBB SR and URLLC PUSCH is transmitted.



	InterDigital
	Drop eMBB SR.

	ZTE
	Reuse R15 rule, i.e., eMBB SR is dropped. 

	CATT
	Drop eMBB SR.

	Panasonic
	In this case, UE PHY drops SR transmission, following potential enhancements could be considered.

Option 1: Network will always assume positive SR for UE. Thus, network will send grant to the UE to carry BSR. If UE has no data then it will send padding BSR.

Option 2: PHY provide indication to MAC about SR is dropped. This is similar discussion as NR-U. In NR-U, if SR transmission is dropped due to LBT failure, then PHY sends SR dropped notification to MAC.

	OPPO
	If multiplexing rule is met, reuse Rel-15 multiplexing scheme with new beta_offset, otherwise, drop eMBB SR. Rel-15 multiplexing rule is the baseline

	Huawei
	Wait for RAN2 input if any; otherwise dropping eMBB SR or consider piggybacking eMBB SR on URLLC PUSCH

	LGE
	Our preference is to reuse Rel-15 rule (i.e., dropping eMBB SR). 

	Nokia, NSB
	Simply reusing Rel-15 rule where SR is dropped when eMBB SR collides with URLLC PUSCH.

	Sony
	Wait for RAN2 conclusion.

	Fujitsu
	Drop eMBB SR.

	Sharp
	Drop eMBB SR.

	Spreadtrum
	Drop eMBB SR.

	ETRI
	Apply Rel-15 as baseline. eMBB SR can be dropped.

	Samsung
	Rel-15 can be reused

	Ericsson
	Drop eMBB SR

	Intel
	A unified solution should be adopted that can handle SR vs PUSCH collision irrespective of service type.

MAC prioritization rule of LCHs is sufficient and in this case, the LCH containing PUSCH may have higher priority than LCH containing SR when SR resource and PUSCH resource overlap, and consequently, SR is dropped. 



	APT
	Reuse Rel-15 rule, drop eMBB SR.

	MTK
	Wait for RAN2 conclusion. L2 should only pass SR if it needs to be prioritized. 

	ITRI
	Drop eMBB SR

	CMCC
	Support the possibility to enable or disable eMBB SR multiplexing on URLLC PUSCH.

If the enabled and multiplexing conditions are met, try to multiplex the eMBB SR, otherwise drop eMBB SR.

	Motorola Mobility, Lenovo
	If URLLC PUSCH including A-CSI or SP-CSI does not include UL-SCH, multiplex eMBB SR (indication of positive or negative SR) in the URLLC PUSCH.

For other cases, drop eMBB SR.

	Apple
	Drop eMBB SR


3.11. Scenario-11: eMBB HARQ-ACK vs. URLLC SR
Q11-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	The HARQ feedback is generated in the physical layer for the received transport block which is invisible to MAC layer. On the other hand, based on the agreements, the SR priority should be known in PHY layer. Therefore, the collision case related to HARQ-ACK and SR should be addressed in RAN1.

	Qualcomm 
	Agree with DOCOMO’s view. 

	Vivo
	Agree with DOCOMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Agree with DOCOMO

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO.

	WILUS
	Agree with DOCOMO.

	CMCC
	Agree with DOCOMO.


Q11-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, WILUS, Intel, MTK, ITRI, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	vivo
	This scenario should be treated in RAN1 with a high priority

	OPPO
	A solution is needed for this scenario

	Huawei
	High priority for the collision of low priority channel with high priority channel

	Sharp
	Scenarios of different HARQ-ACK codebooks + SR with different priorities can be discussed together.

	Intel
	Additional considerations compared to Rel15 rules are needed

	Motorola Mobility, Lenovo
	A simple solution based on a physical layer priority is needed.


Q11-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	Rel-15 multiplexing rule for SR and HARQ-ACK can work for all collision cases except for the case of eMBB HARQ-ACK with PF1 and URLLC SR with PF0. To ensure URLLC SR low latency and high reliability, it would be better to drop the HARQ-ACK and use the PUCCH resource originally configured for SR.

                 Table3.11 Handling for URLLC SR vs eMBB HARQ-ACK collision cases in Rel.16
Collision case

URLLC SR with PF0

URLLC SR with PF1

eMBB HARQ-ACK with PF0

Transmit both HARQ-ACK and SR on PF0 for HARQ-ACK, same as Rel.15.

Transmit both HARQ-ACK and SR on PF0 for HARQ-ACK, same as Rel.15.

eMBB HARQ-ACK with PF1

Transmit SR on PF0 for SR, drop the HARQ-ACK for eMBB. (different from Rel.15)

Transmit HARQ-ACK on PF1 for SR when SR is positive, transmit HARQ-ACK on PF1 for HARQ-ACK when SR is negative, same as Rel.15.
eMBB HARQ-ACK with PF2

Rel-15 rule can be as a baseline that is transmitting both SR and HARQ-ACK in the PUCCH resource for HARQ-ACK(based on UCI payload and PRI) .
eMBB HARQ-ACK with PF3

eMBB HARQ-ACK with PF4



	Qualcomm
	Our proposal is to drop eMBB HARQ-ACK and transmit URLLC SR for the following reasons: 

1) Timeline check for multiplexing can increase URLLC SR transmission latency.

2) The eMBB HARQ-ACK bits might be sent over a long PUCCH. Further, a large number of eMBB HARQ-ACK bits might need to be sent. Hence, including the SR bit onto the low priority PUCCH increases the SR transmission latency and reduces its reliability.

	Vivo
	In the current specs, in the case of collision between PUCCH F1 HARQ-ACK and F0 SR, if positive SR, UE would drop SR and transmit HARQ-ACK only, which may be not expected for URLLC SR transmission. 

On the other hand, if SR is multiplexed on HARQ-ACK resources with PUCCH format 2-4, SR would be multiplexed on HARQ-ACK resources. In this case, the SR latency and reliability may be influenced. 

For this issue, the following alternatives are suggested

Alt 1: Drop eMBB HARQ-ACK and transmit URLLC SR
Alt.2: Multiplex eMBB HARQ-ACK and URLLC SR, considering eMBB HARQ-ACK PUCCH format and multiplexing resource, e.g.
· For eMBB HARQ-ACK with long PUCCH format, when URLLC SR and eMBB HARQ-ACK are multiplexed, using the third resource can be considered. 
· For eMBB HARQ-ACK with short PUCCH format, SR can be multiplexed on eMBB HARQ-ACK.

	InterDigital
	Drop eMBB HARQ-ACK. Agree with the points raised by Qualcomm.

	ZTE
	In case of SR in PUCCH format 0 vs. HARQ-ACK in PUCCH format 1, drop eMBB HARQ-ACK when SR is positive, otherwise drop SR. Other schemes with transmitting both SR and HARQ-ACK could be considered. 
For other cases, if the ending symbol of the chosen PUCCH resource for transmission is no later than the ending symbol of the channel for URLLC SR, reuse Rel-15 rules for multiplexing, otherwise drop eMBB HARQ-ACK. 

	CATT
	For overlapping eMBB HARQ-ACK and URLLC SR, the timeline requirement in R15 does not need to be satisfied. Reuse R-15 rules if certain conditions are satisfied (timeline/latency), otherwise drop eMBB HARQ-ACK.

	Panasonic
	Option 1: Drop eMBB HARQ-ACK as baseline

Option 2: Reuse Rel.15 rule as baseline except for PF1 with HARQ-ACK vs PF0 with SR. For the collision case between PF1 with HARQ-ACK vs PF0 with SR, drop HARQ-ACK is one possibility. HARQ-ACK is dropped when NACK to be transmitted while HARQ-ACK and SR is multiplexed when ACK to be transmitted could be another possibility.

	OPPO
	If multiplexing rule is met, reuse Rel-15 multiplexing scheme, otherwise, drop eMBB HARQ-ACK. Rel-15 multiplexing rule is the baseline and additional condition, e.g. the ending symbol of PUCCH resource for eMBB HARQ-ACK, could be considered to avoid unacceptable latency from multiplexing resource.

	Huawei
	Multiplex under conditions of: 

1, timeline satisfies; 

2, ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH, and

3, not SR F0 & HARQ-ACK F1 combination;

Otherwise drop eMBB HARQ-ACK

	LGE
	In case eMBB HARQ-ACK is on PF1 and URLLC SR is on PF0, eMBB HARQ-ACK is dropped. For all other cases, Rel-15 rule can be reused. 

	Noka, NSB
	In this case, SR should be considered as more important than HARQ-ACK, which is the same assumption as for the case of overlap between a high priority SR and a high priority HARQ-ACK. Hence, the handling rules for the case where a high priority SR overlaps with a high priority HARQ-ACK (Scenario-01) are also used for the case where a high priority SR overlaps with a low priority HARQ-ACK. Please see our reply to Scenario-01.

	Sony
	Depends on PUCCH Format used:

· URLLC SR on PF0 and eMBB HARQ-ACK on PF0 or PF1, then multiplex eMBB HARQ-ACK & URLLC SR on PF0 since this does not degrade the URLLC PF0 reliability.  NOTE: The gNB MUST be able to detect a multiplexed URLLC SR + URLLC HARQ-ACK in PF0 and so the reliability of this PF0 is not impacted whether eMBB HARQ-ACK or URLLC HARQ-ACK is multiplexed into it.

· URLLC SR on PF1 then drop eMBB HARQ-ACK on PF0 or PF1 since PF1cannot multiplex SR & HARQ-ACK together.  This is different to Rel-15 procedure.

· For eMBB HARQ-ACK using PF2, PF3 & PF4, in Rel-15 (38.213 Section 9.2.5.1), the UE has to calculate the number of OSR bits to be appended onto the HARQ-ACK and then work out the number of PRBs that would satisfy the configured code rate r.  In Rel-16, the UE can drop the eMBB HARQ-ACK if the code rate r is not satisfied otherwise multiplex the OSR bit to the HARQ-ACK. NOTE: OSR is based on K colliding SRs (as per 9.2.5.1 of 38.213) in Rel-15.  For Rel-16 we can set K to represents ONLY URLLC SR thereby reducing the number of OSR bits.

	Fujitsu
	Agree with Qualcomm.

	Sharp
	Simple solution is preferred by dropping eMBB HARQ-ACK as baseline. Potential URLLC SR can be multiplexed with eMBB HARQ-ACK may only be considered under restrictions of timeline/latency and BER requirements. 

	Spreadtrum
	Drop eMBB HARQ-ACK.

	ETRI
	Multiplex SR and HARQ-ACK as baseline. Discuss whether different code rate can be applied in one PUCCH.

	Samsung
	Drop eMBB HARQ-ACK. Same handling at PHY as for MBB SR and URLLC SR collisions.

	Ericsson
	Drop eMBB

	WILUS
	Reuse Rel-15 multiplexing rule for all SR and HARQ-ACK collision cases except two cases  

1) the case where eMBB HARQ-ACK with PF1 collides with URLLC SR with PF0: a simple solution is to drop eMBB HARQ-ACK with PF1 if SR is positive. Another solution is to multiplex 1-bit SR in eMBB HARQ-ACK with PF1 if reliability and latency are satisfied. 
2) the case where 2-symbol eMBB HARQ-ACK with PF0 collides with two URLLC SRs with PF0: Rel-15 only supports multiplexing one SR in HARQ-ACK with PF0. With denser SR configurations, 2-symbol eMBB HARQ-ACK with PF0 can collide with two URLLC SRs. In this case, only one SR should be multiplex in eMBB HARQ-ACK with PF0 if Rel-15 rule is used. Again, a simple solution is to drop eMBB HARQ-ACK with PF1 if at least one SR is positive.

	Intel
	A given SR configuration and a given HARQ-ACK codebook configuration each may have associated priority tag (high/low).

If resources of SR and HARQ-ACK overlap and SR has higher priority, we propose the following enhancements:

HARQ-ACK with PF0
HARQ-ACK with 

PF1
HARQ-ACK with PF2
HARQ-ACK with 

PF3 or PF4
SR with PF0
Rel-15 rule.
Drop HARQ-ACK and transmit SR on SR resource (different from Rel15)
Rel-15 rule.
Drop HARQ-ACK and transmit SR on the SR resource.
(different from Rel 15)
SR with PF1
Rel-15 rule.
Rel-15 rule
We propose to drop HARQ-ACK in the last column because it may impact latency and reliability of an SR that has higher priority.

	MTK
	Alt1. Drop eMBB HARQ-ACK except if HARQ is PF0/PF1 (or latency and reliability can be otherwise met). Delayed sending of eMBB HARQ-ACK information should be supported using similar scheduling mechanism as for A-CSI report. 

Alt2. Use Rel-15 as baseline.

	ITRI
	In case both eMBB HARQ-ACK and URLLC SR are on short PUCCH, Rel-15 rule can be reused. Otherwise, drop eMBB HARQ-ACK.

	CMCC
	If the multiplexing conditions are met, try to multiplex, otherwise drop eMBB HARQ-ACK.

	Motorola Mobility, Lenovo
	Drop eMBB HARQ-ACK.

	Apple
	Multiplex HARQ-ACK and SR based on Rel-15, if latency and reliability can be met; Otherwise, drop HARQ-ACK. 


3.12. Scenario-12: eMBB HARQ-ACK vs. URLLC HARQ-ACK
Q12-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT,OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	The HARQ feedback/procedure is operated in the physical layer which is invisible to MAC layer. The collision case for URLLC HARQ-ACK and eMBB HARQ-ACK should be only addressed in RAN1.

	Qualcomm 
	Agree with DOCOMO’s view.

	Vivo
	Agree with DOCOMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Agree with DOCOMO

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO.

	CMCC
	Agree with DOCOMO.


Q12-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	This collision case is common and very import for URLLC transmission performance, it should be handled in PHY layer with higher priority.

	Qualcomm
	Agree with DOCOMO’s view. 

	Vivo
	This scenario should be treated in RAN1 with a high priority

	InterDigital
	Agree with DOCOMO

	ZTE
	Solutions are needed for collision of channel with different priorities. R15 rules cannot be reused here. 

	Panasonic
	At least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE. The UE behavior for the case the two PUCCH resource for different HARQ-ACK codebooks overlapped in time should be specified.

	OPPO
	A solution is needed for this scenario

	Huawei
	High priority for the collision of low priority channel with high priority channel

	LGE
	A solution is needed for this scenario.

	Sharp
	This should be one of the most important scenarios.

	Intel
	This is one of the most important scenarios in the list and need new RAN1 considerations

	CMCC
	This is a common and important scenario.

	Motorola Mobility, Lenovo
	A simple solution based on a physical layer priority is needed.


Q12-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	There is no doubt that URLLC HARQ-ACK should have a higher priority than eMBB HARQ-ACK, but always drop the eMBB HARQ-ACK may cause the large amount eMBB PDSCH retransmission, which is very inefficient. Therefore, we prefer multiplexing HARQ-ACK bits for eMBB and URLLC in one PUCCH when the latency and reliability for URLLC HARQ-ACK can be guaranteed. 

There are two ways to determine whether multiplexing URLLC HARQ-ACK and eMBB HARQ-ACK in one PUCCH. One is controlled by gNB with semi-static or dynamic indication; another way is whether to multiplexing URLLC HARQ-ACK and eMBB HARQ-ACK in one PUCCH is determined by UE with pre-define rule, e.g., when timeline and maximum code rate for URLLC are satisfied.

	Qualcomm 
	For the reasons mentioned earlier as part of our Proposal 1 above, we prefer a simple solution for this case, which is to drop the eMBB HARQ-ACK on and after the colliding symbols. Furthermore, the URLLC PDSCH does not need to be N1 symbols before the eMBB HARQ-ACK. 

	Vivo
	In current agreement, at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE. All Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks. 

In addition, time granularity for the HARQ-ACK codebooks can be independently configured. For a scheduled PDSCH, UE derives HARQ-ACK codebook index based on DCI indication. 

If colliding, eMBB HARQ-ACK and URLLC HARQ-ACK bits can be multiplexed.

· For the multiplexing, whether the same time granularity or different time granularity is used (e.g. eMBB PUCCH bases on slot level and URLLC PUCCH bases on sub-slot level) should be discussed. 

· The reliability needs also to be discussed. For eMBB HARQ-ACK and URLLC HARQ-ACK multiplexed on a PUCCH resource, whether the same or different code rate is used can be discussed.
If no collision occurs between eMBB HARQ-ACK resource and URLLC HARQ-ACK resource, both eMBB PUCCH and URLLC PUCCH transmitted separately. 



	InterDigital
	Multiplex eMBB and URLLC HARQ-ACK on PUCCH resource indicated for URLLC if a maximum code rate applicable to URLLC is not exceeded, otherwise drop eMBB HARQ-ACK. 

The maximum code rate applicable to URLLC is configured separately from the maximum code rate when only eMBB UCI is multiplexed. The power control parameters applicable to URLLC HARQ-ACK are used.

	ZTE
	If the ending symbol of chosen PUCCH resource for transmission is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB HARQ-ACK.

	CATT
	For overlapping eMBB HARQ-ACK and URLLC HARQ-ACK, the timeline requirement in R15 does not need to be satisified. Multiplex both HARQ-ACKs in one PUCCH if certain conditions are satisfied (timeline/ latency), otherwise drop eMBB HARQ-ACK.

When multiplexing is applied, UCI should be multiplexed on URLLC HARQ-ACK resource, if the coding rate after multiplexing exceed the configured maximum allowed coding rate, then partially drop eMBB HARQ-ACK bits can be used until the actual coding rate does not exceed the maximum allowed coding rate.

	Panasonic
	Option 1: Drop eMBB HARQ-ACK

Option 2: Multiplex URLLC HARQ-ACK and eMBB HARQ-ACK if some conditions are met. The conditions could be timeline, limit of coderate, and enabled by gNB.

	OPPO
	If multiplexing rule is met, reuse Rel-15 multiplexing scheme, otherwise, drop eMBB HARQ-ACK. Rel-15 multiplexing rule is the baseline and additional condition, e.g. the ending symbol of PUCCH resource for eMBB HARQ-ACK, could be considered to avoid unacceptable latency from multiplexing resource.

	Huawei
	Multiplex under conditions of: 

1, timeline satisfies and 

2, ending symbol of PUCCH after multiplexing is no later than original URLLC PUCCH.

Otherwise drop eMBB HARQ-ACK


	LGE
	It would be excessive and inefficient if eMBB HARQ-ACK is always dropped when colliding with URLLC HARQ-ACK. Hence, our preference is to multiplex eMBB HARQ-ACK and URLLC HARQ-ACK on one PUCCH resource if the code rate does not exceed the maximum allowable code rate. Otherwise, eMBB HARQ-ACK is dropped.  

	Nokia, NSB
	This scenario assumes two HARQ-ACK codebooks (one for eMBB and one for URLLC) are constructed. In case the transmissions of two HARQ-ACK codebooks overlap in time, multiplexing of the HARQ-ACK bits can be enabled or disabled by the gNB. FFS semi-static and/or dynamic enabling/disabling. In case of no multiplexing, eMBB HARQ-ACK is dropped.

	Sony
	Multiplex some of the eMBB HARQ-ACK into URLLC UCI such that reliability of UCI is STILL maintained.  Drop remaining eMBB HARQ-ACK that cannot be multiplexed into URLLC UCI, i.e. if those eMBB HARQ-ACK bits would exceed the targeted code rate.

	Fujitsu
	Before agree the support of multiplexing eMBB A/N and URLLC A/N, the impact caused by this multiplexing on the reliability of URLLC A/N should be evaluated first. 

If the impact is acceptable, we share the same view with Huawei on how to support this multiplexing operation

	Sharp
	If certain timing/PUCCH capacity constraints can be satisfied, eMBB HARQ-ACK and URLLC HARQ-ACK multiplexed on an URLLC HARQ-ACK PUCCH. Otherwise, URLLC HARQ-ACK PUCCH should drop eMBB HARQ-ACK PUCCH.

	Spreadtrum
	Drop eMBB HARQ-ACK.

	ETRI
	Multiplex both HARQ-ACKs as baseline, and discuss whether different code rates can be applied in one PUCCH.

	Samsung
	Drop eMBB HARQ-ACK. Same handling at PHY as for other MBB-type vs URLLC-type collisions.

	Ericsson
	Multiplex according to conditions explained in Q3-3

Rel-15 is used as baseline for multiplexing with following simplifications.

If multiplexing timeline is not met, drop eMBB AN and transmit only URLLC AN. Otherwise, a PUCCH resource set configured for URLLC AN for the corresponding sub-slot URLLC that supports the total number of URLLC AN and eMBB AN is used for multiplexing.

· If the determined PUCCH resource based on the last DCI for URLLC DPSCH, overlaps with any other PUCCH/PUSCH resource in the slot, multiplexing is not performed and eMBB AN is dropped and URLLC AN is transmitted in the URLLC PUCCH.
Otherwise, total UCI (i.e. URLLC AN concatenated with eMBB AN) is multiplexed on the new determined URLLC PUCCH resource.

	WILUS
	Multiplexing URLLC HARQ-ACK and eMBB HARQ-ACK if reliability and latency are satisfied.

	Intel
	We prefer a simple solution and not multiplex HARQ-ACKs belonging to different codebook. The procedure goes as follows:

If resources of two HARQ-ACKs overlap and the HARQ-ACKs belong to same HARQ codebook, UE multiplexes the HARQ-ACKs according to Rel-15 rules.

If resources of two HARQ-ACKs overlap and the HARQ-ACKs belong to different HARQ codebooks (such as this scenario), 

Alt 1) UE prioritizes and transmits the HARQ-ACK corresponding to the later DL transmission, and drops the other HARQ-ACK.
Alt 2) UE transmits the HARQ-ACK corresponding to the prioritized codebook, and drops the other HARQ-ACK.



	APT
	If some conditions are met, e.g., timeline condition, required code rate, then multiplex is allowable, otherwise drop eMBB HARQ-ACK.

If multiplex is allowable, how HARQ-ACK information bits locate in the codebook should be further designed.

	MTK
	Prioritize the codebook that was scheduled later. Delayed sending of eMBB HARQ-ACK information should be supported using similar scheduling mechanism as for A-CSI report.

Multiplexing has limited benefits and numerous issues: latency, PUCCH selection mechanism, scarcity of PUCCH resources, to name a few.

	ITRI
	Multiplexing URLLC HARQ-ACK and eMBB HARQ-ACK if timeline, reliability and latency are satisfied.
Not support the multiplex for two HARQ-ACKs belong to different HARQ-ACK codebook.

	CMCC
	If the multiplexing conditions are met, try to multiplex, otherwise drop eMBB HARQ-ACK.

	Motorola Mobility, Lenovo
	Drop eMBB HARQ-ACK.

	Apple
	We shared similar view as Ericsson to multiplex HARQ-ACK of eMBB using the PUCCH resource assigned for URLLC HARQ-ACK if reliability and latency of URLLC HARQ-ACK can be met. 


3.13. Scenario-13: eMBB HARQ-ACK vs. CSI
Q13-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	The HARQ-ACK and CSI are both generated at physical layer, therefore how to handle the collision case for HARQ-ACK and CSI should be addressed by RAN1.

	Qualcomm
	Same view as DOCOMO. 

	Vivo
	Agree with DOCOMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Agree with DOCOMO

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO

	CMCC
	Agree with DOCOMO.


Q13-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: OPPO, Samsung
· This scenario should be treated in RAN1 with a low priority. 

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, OPPO, Panasonic, Huawei, LGE, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	During SI, whether to support CSI enhancement for URLLC was discussed while there is no consensus on utilizing CSI for URLLC to ensure its reliability. Considering the limited RAN1 budget, we think the collision handling related to CSI can be deprioritized.

	Vivo
	This scenario should be treated in RAN1 with a low priority

	ZTE
	R15 rules can be reused here. 

	Panasonic
	Our view is to reuse Rel.15 rule would be the simplest solution and less specification impact.

	OPPO
	Reuse Rel-15 rules

	Huawei
	Low priority as Rel-15 rules can be simply reused

	Nokia, NSB
	We do not see the need to provide special treatment for CSI, so Rel-15 behavior is sufficient.

	Fujitsu
	No need to discuss this issue, due that it has already been agreed no high-priority CSI is supported in Rel-16. Hence, how to handle CSI and eMBB A/N should be as same as Rel-15.

	Sharp
	Reuse Rel-15 rules is sufficient

	ETRI
	Reuse Rel-15 as baseline.

	Samsung
	SI discussions considered A-CSI enhancements for URLLC – not whether there is (or is not) CSI for URLLC

	MTK
	Reuse Rel-15 rules.

	ITRI
	Reuse Rel-15 rules.

	CMCC
	Reuse Rel-15 rules.


Q13-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	Just re-use Rel.15 rule is sufficient. 

	Qualcomm
	Same view as Docomo. 

	Vivo
	For CSI on PUCCH, Rel-15 mechanism can be reused.

	InterDigital
	Reuse R15 rules.

	ZTE
	Reuse R15 rules.

	CATT
	Reuse R15 rules.

	Panasonic
	Reuse Rel.15 rule.

	OPPO
	Reuse Rel-15 rules

	Huawei
	Reuse R15 rules.

	LGE 
	Reuse Rel-15 rule. 

	Nokia, NSB
	Reuse Rel-15 rules.

	Sony
	Reuse Rel-15 procedures.

	Sharp
	Reuse R15 rules

	Spreadtrum
	Reuse Rel-15 rules.

	ETRI
	Reuse Rel-15 as baseline.

	Samsung
	Rel-15 multiplexing if CSI is for MBB, dropping eMBB HARQ-ACK or URLLC CSI if CSI is for URLLC. UE knows CSI priority at PHY layer as part of the PUCCH resource configuration.

	Ericsson
	Reuse Rel-15

	WILUS
	Reuse Rel-16 rules.

	Intel
	If HARQ-ACK is associated with a codebook with low priority, such as in this case, follow Rel15 rules.

	APT
	Reuse Rel-15 rules

	MTK
	Reuse Rel-15 rules.

	ITRI
	Reuse Rel-15 rules.

	CMCC
	Reuse R15 rules

	Motorola Mobility, Lenovo
	If a PUCCH resource for CSI is configured as a high priority PUCCH, consider it as an error case.

If a PUCCH resource for CSI is configured as a low priority PUCCH, reuse Rel-15 rule.

	Apple
	Reuse Rel-15 rules


3.14. Scenario-14: eMBB HARQ-ACK vs. URLLC PUSCH
Q14-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	The HARQ feedback/procedure is performed in the physical layer, which is invisible to MAC layer. The collision case for HARQ-ACK and PUSCH is related to RAN1.

	Qualcomm
	Same view as DOCOMO. 

We would like to further explain why it is important, for the purpose of UCI multiplexing, that the gNB knows about the priority of the PUSCH deterministically. To illustrate our point, we consider the following two cases: (1) The priority of PUSCH is known at the gNB deterministically, e.g., the priority is given by the PHY layer, and (2) The priority of PUSCH is not known at the gNB and can change by the UE autonomously, e.g., priority determination is performed by the MAC layer based on the priority of the logical channel from which data is taken. To see the difference, let us further consider the following two examples:

1) A high priority A/N collides with a high priority dynamic PUSCH
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· In this example, gNB expects UCI to be multiplexed in PUSCH.  PUSCH grants parameters were determined by gNB to enable reliable delivery of UCI. 

· The following happens after MAC decides to downgrade with both L1 prioritization and MAC prioritization:

· If L1 priorities were used, high priority UCI gets multiplexed onto PUSCH carrying data from a low priority logical channel. The gNB gets what is expected, i.e., UCI is delivered reliably, MAC data gets through.

· If MAC priorities were used, then low priority PUSCH is dropped in favour of UCI. The gNB does not get what is expected although it still receives the UCI. Then, gNB will assume the grant for PUSCH was lost and it starts reTx for high priority PUSCH. The data that MAC wanted to send is delayed, and re-transmission would be required. From the MAC perspective, this is an undesirable outcome.

2) A low priority A/N collides with a high priority dynamic PUSCH
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· In the second example, the gNB expects UCI to be dropped. The following happens after MAC decides to downgrade with both L1 prioritization and MAC prioritization:

· If L1 priorities were used, the low priority UCI will be dropped; data from the low priority logical channel will be sent on PUSCH without UCI. The gNB will receive what it expects and MAC data gets through.

· If MAC priorities were used, UCI will be mapped onto the PUSCH. The gNB will try to decode with wrong rate-matching assumption and will fail decoding. Note that multi-hypotheses decoding is possible, but gNB will give a wrong UL DAI in the PUSCH grant. So, this scheme does not work. From the MAC perspective, this is a bad outcome.

As shown above, the MAC priority determination could incur non-deterministic UE behavior from the gNB point of view; this, in turn, leads to either missing UE’s uplink transmission or a higher implementation complexity at the gNB. In fact, the issue raised above is more pronounced under the CA operation as shown in the example below:
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The second issue to consider is the time needed to perform LCH priority computation at the MAC layer. It should be noted that the current values defined for N2 has not considered this additional MAC operation. If the prioritization needs to be performed at the MAC layer, the timelines should be extended. The situation can become worse if UL CA is enabled.  

	Vivo
	This scenario is related to RAN1

	InterDigital
	The collision needs to be handled by PHY. Agree with Qualcomm that it would be preferable that priority for PUSCH is directly indicated by DCI (or RRC for configured grant) rather than from LCH priorities.

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Related to RAN1

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	CMCC
	Agree with DOCOMO.


Q14-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, Intel, APT, ITRI, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Rel-15 multiplexing rules for PUSCH and HARQ-ACK can be re-used with some enhancements, details see below.

	Vivo
	This scenario should be treated in RAN1 with a high priority

	ZTE
	Additional beta_offset could be introduced for ensuring URLLC PUSCH reliablilty.

	OPPO
	A solution is needed for this scenario.

	Huawei
	High priority for the collision of low priority channel with high priority channel

	Nokia, NSB
	Enhancement to current Rel-15 rule is necessary.

	Sharp
	Simple solution is preferred.

	ETRI
	Rel-15 can be baseline

	Intel
	New RAN1 considerations needed

	CMCC
	This is a common and important scenario.

	Motorola Mobility, Lenovo
	A simple solution to guarantee reliability of URLLC UL-SCH is needed. 


Q14-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	URLLC PUSCH has higher priority than eMBB HARQ-ACK; when timeline is satisfied, allow eMBB HARQ-ACK piggyback on URLLC PUSCH is more efficient, otherwise drop the eMBB HARQ-ACK. 

In Rel-15, to keep the UCI reliability, code rate compensation factor 
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 value can be used to guarantee the reliability requirement for URLLC PUSCH.

	Qualcomm
	We prefer the simple solution to drop the eMBB HARQ-ACK on and after the overlapping symbols. The URLLC uplink grant does not need to come N2 symbols prior to the start of the eMBB HARQ-Ack transmission. Multiplexing the low priority HARQ-ACK onto a high priority PUSCH may lead to increasing the URLLC UL scheduling and/or reducing its reliability.

	Vivo
	Although eMBB HARQ-ACK and URLLC PUSCH may have different priorities, dropping eMBB HARQ-ACK may impact eMBB performance especially when contiguous URLLC traffic is scheduled. 

It should be considered that eMBB HARQ-ACK is multiplexed on URLLC PUSCH if timeline is satisfied. Following options can be discussed
· Opt 1: Always multiplexing regardless of eMBB HARQ-ACK payload size

· Opt 2: eMBB HARQ-ACK is multiplexed on URLLC PUSCH when the number of eMBB HARQ-ACK payload size is less than X bits. Otherwise, bundling of eMBB HARQ-ACK bits or transmission of partial eMBB HARQ-ACK bits can be considered.  X is FFS. 
· Opt 3: dynamic indication eMBB HARQ-ACK multiplexing on URLLC PUSCH.


	InterDigital
	eMBB HARQ-ACK is multiplexed into URLLC PUSCH. 

Use additional set of parameters  and PUSCHoffset configured for the case of low-priority HARQ-ACK multiplexed into high-priority PUSCH. This is to avoid that too much resource is used for eMBB HARQ-ACK for the required reliability, and to ensure that sufficient resources are kept for URLLC PUSCH.

	ZTE
	Reuse Rel-15 multiplexing rule with introducing a beta_offset of zero for this case. 

	CATT
	For overlapping eMBB HARQ-ACK and URLLC PUSCH, the timeline requirement in R15 does not need to be satisfied. Reuse R15 rules if timeline is satisfied, otherwise drop eMBB HARQ-ACK.

Some enhancements can be considered such as:

· Introducing smaller alpha or beta-offset values for UCI on URLLC PUSCH transmission;

· Introducing additional configuration of alpha or beta-offset values for eMBB UCI multiplexing on URLLC PUSCH.

	Panasonic
	URLLC PUSCH performance would also be ensured by using beta-offset and alpha-factor. In order to ensure URLLC PUSCH reliability, one possibility would be to differentiate beta-offset or alpha-factor depending on URLLC/eMBB. The other possibility is Tx prioritization such as dropping or puncturing eMBB UCI. It might be realized by former possibility by having beta-offset = 0 or alpha factor = 0.

	OPPO
	If multiplexing rule is met, reuse Rel-15 multiplexing scheme with some new beta_offset, otherwise, drop eMBB HARQ-ACK. Rel-15 multiplexing rule is the baseline.

	Huawei
	A new beta-offset value can be used to control the resources for eMBB HARQ-ACK piggybacked on URLLC PUSCH, where beta-offset=0 indicates dropping eMBB HARQ-ACK.

Allow eMBB HARQ-ACK piggybacked on URLLC PUSCH if timeline satisfies, and the new Beta_offset>0; otherwise, drop eMBB HARQ-ACK.

	LGE
	As noted in the response to Q12-3, always dropping eMBB HARQ-ACK would be excessive and inefficient. Our preference is to piggyback eMBB HARQ-ACK on URLLC PUSCH if timeline is met for which case small/zero beta offset needs to be considered. Otherwise, eMBB HARQ-ACK is dropped.

	Nokia, NSB
	Rel-15 procedure of multiplexing HARQ-ACK with PUSCH can be applied in case multiplexing will not lead to unacceptable performance degradation to URLLC PUSCH. 

In case multiplexing is not possible due to the reasons for example processing timeline and/or potential performance degradation on URLLC PUSCH, eMBB HARQ-ACK is dropped.

	Sony
	Firstly dropping an eMBB PUCCH carrying multiple HARQ-ACK bits would lead to retransmissions of ALL the eMBB PDSCHs corresponding to these HARQ-ACK bits, which can be significant.

If the UL Grant for URLLC PUSCH comes AFTER the DL Grants for eMBB HARQ-ACK, then the UE is aware of these colliding eMBB HARQ-ACK and can multiplex these HARQ-ACK bits and still meeting the reliability.  It can also be argued that if the gNB schedules a colliding URLLC PUSCH, after it has scheduled all these eMBB PDSCH, then the gNB is responsible to provide sufficient PUSCH resources to ensure the reliability is met.  So a simple solution is:

· UE multiplex all HARQ-ACK bits for DL Grants arriving before the URLLC UL Grant.  Otherwise UE drops these HARQ-ACK bits.



	Fujitsu
	If the reliability of URLLC PUSCH could be guaranteed and the timeline is satisfied, piggy back eMBB A/N on URLLC PUSCH; if not, drop eMBB A/N.
Besides, whether eMBB A/N could be dropped may depend on how often this kind of dropping happens. If eMBB A/N is dropped very frequently, the eMBB throughput may correspondingly decrease. If eMBB A/N could always be carried on URLLC PUSCH, the reliability of URLLC PUSCH may be damaged. The adjustment may be needed for different application scenarios to achieve better balance between URLLC traffic and eMBB traffic. It should be supported that gNB could enable or disable this function via signaling, e.g. a RRC signaling or a DCI.

	Sharp
	URLLC PUSCH can drop/puncture PUCCH for eMBB HARQ-ACK to ensure the URLLC PUSCH reliability. FFS on certain timing and RE usage limitations to support eMBB HARQ-ACK multiplexing on URLLC PUSCH. 

	Spreadtrum
	Drop eMBB HARQ-ACK.

	ETRI
	HARQ-ACK can be multiplexed with UL-SCH on PUSCH. Dropping HARQ-ACK can be controlled by DAI (or beta offset).

	Samsung
	Drop eMBB HARQ-ACK according to the Rel-15 timeline. Also, support simultaneous PUSCH and PUCCH as a UE capability in which case no other handling is needed.

	Ericsson
	If URLCC PUSCH already includes URLLC AN (based on Step 1 described in section 2.18 in this document), the UE drops eMBB HARQ-ACK. Otherwise, the UE is indicated by beta factor whether to multiplex or not similarly to Q6-3 as described below.

eMBB AN can be piggy-back on PUSCH if the reliability requirement of the PUSCH is not compromised. For the case that the URLLC PUSCH is scheduled by UL grant, the gNB when schedules the PUSCH is aware of the upcoming overlapping with the AN PUCCH resource since UL grant occurs after DL grant. Hence, if gNB allocates resources to PUSCH such that with eMBB AN, the reliability of PUSCH for URLLC can be met, multiplexing can be done. Otherwise, it should be avoided. Hence, gNB should indicate to the UE whether to multiplex or not. The indication can be done by using the beta factor, where a zero and non-zero value, indicates to drop or multiplex the eMBB AN, respectively.

	WILUS
	Because dropping eMBB HARQ-ACK bits would lead to rescheduling and retransmissions of all the eMBB PDSCH, it is preferred to multiplex eMBB HARQ-ACK bits in URLLC PUSCH controlled by gNB. Whether to multiplex or drop HARQ-ACK in a PUSCH can indicated in a DCI scheduling the PUSCH. For example, zero beta offset value can be introduced. 

	Intel
	A unified solution should be adopted to handle conflict of HARQ-ACK and PUSCH irrespective of service types. This scenario is treated as an error case in Rel15 when timeline is not met. 

Grant-based PUSCH: 

Similar to response in Scenario -05, we propose that HARQ-ACK can be multiplexed onto PUSCH if timeline is met. We propose the following procedure.

· If timeline is met, multiplex according to Rel15 procedure

· If timeline is not met, prioritize HARQ-ACK or PUSCH transmission based on time of arrival of the PDCCH of PDSCH corresponding to the HARQ-ACK and PDCCH of the PUSCH, i.e., based on whichever PDCCH ends later indicates a more urgent and prioritized transmission. This is because network already knows about resource allocation of first PDCCH when it sends the second PDCCH, where second PDCCH ends later than first PDCCH. 

For SPS and CG-PUSCH: 

A higher layer parameter can be configured in resource configuration of SPS/CG-PUSCH, which if enabled then HARQ-ACK bits are dropped unless HARQ-ACK is associated with a codebook of high priority



	APT
	If some conditions are met, e.g., timeline condition or required code rate, multiplex eMBB HARQ-ACK on the URLLC PUSCH, otherwise drop eMBB HARQ-ACK. Extended beta offset value or DCI can be used to indicate the multiplexing behavior.

	MTK
	See analysis in Section 2.18. As with scenario-05:
- If Timelines are not met for multiplexing then prioritize the transmission scheduled by the later DCI. Drop the other transmission.

- Else if PUSCH was scheduled not earlier than HARQ then multiplex.

- n/a: (Else if  “fast HARQ codebook” selected then prioritize HARQ, drop PUSCH)

- Else multiplex.

Addressing Qualcomm’s concerns: 

· gNB needs to do blind decoding anyways: when either DCI is lost
· safe to assume: eMBB HARQ is scheduled before PUSCH
gNB should configure PUSCH (MCS, beta, etc.) for new data according to earlier received BSR and LCP rules configured with UE MAC. New URLLC data is not necessarily high reliability.

	ITRI
	Multiplex HARQ-ACK in PUSCH and introduce different beta-offsets for dynamic PUSCH and configured grant PUSCH, respectively.

	CMCC
	Support the possibility to enable or disable eMBB HARQ-ACK multiplexing on URLLC PUSCH.

If the enabled and multiplexing conditions are met, try to multiplex the eMBB HARQ-ACK, otherwise drop eMBB HARQ-ACK.

	Motorola Mobility, Lenovo
	If URLLC PUSCH including A-CSI or SP-CSI does not include UL-SCH, multiplex eMBB HARQ-ACK. 

For other cases, drop eMBB HARQ-ACK.

	Apple
	Supportive to allow network to control the Res number of eMBB HARQ-ACK on URLLC PUSCH by dynamically indicate the beta-offset value, including skipping the eMBB HARQ-ACK by indicating beta-offset equals to 0. 


3.15. Scenario-15: eMBB PUSCH vs. URLLC SR
Q15-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: Sony
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Given the agreements made in the last meeting that SR priority should be known in PHY, RAN1 can discuss this case on how to use the SR priority and how to handle the deprioritized PUSCH from PHY perspective. Meanwhile, RAN2 should also be involved since the procedure of handling SR and PUSCH collision is also specified in MAC layer.

	Qualcomm
	As agreed in RAN1 #97, the priority of SR should be known at the PHY layer. Further, for the reasons mentioned in our response to Q14-1, we propose that the PHY layer should indicate the priority of PUSCH. 

	vivo
	This scenario is related to RAN1.

	InterDigital
	To ensure that URLLC latency requirement is satisfied, URLLC SR needs to be prioritized over an on-going eMBB PUSCH transmission. This needs to be handled by PHY.

	ZTE
	It’s up to RAN1 for decision. 

	Panasonic
	SR transmission procedure is handled by RAN2 specification. For both SR and PUSCH, the priority in PHY can be determined based on the priority given by MAC. RAN1 involvement would be necessary for the interaction between the priority instructed from MAC and the priority in PHY.

	OPPO
	This scenario is related to both RAN1 and RAN2.

	Huawei
	Both RAN1 and RAN2 are involved.

	LGE
	We think this scenario is related to both RAN1 and RAN2. 

	Nokia, NSB
	With the working assumption from RAN1#97 meeting that “SR priority (e.g. high or low priority) is known at PHY layer.”, such SR priority information can be used in PHY for handling the collision between SR and PUSCH. It should be noted that RAN2 has ongoing discussion about handling SR and PUSCH collision as well.

	Sony
	RAN2 has dedicated an entire EMAIL discussion specifically on this topic.  

	Sharp
	RAN 1 related 

	ETRI
	RAN1 and RAN2 are related.

	APT
	This scenario is related to both RAN1 and RAN2.

	MTK
	RAN1 and RAN2 are related. Yet, we also agree with Sony that RAN1 should wait for RAN2 discussion outcome. 

	ITRI
	This scenario is related to both RAN1 and RAN2.

	CMCC
	This scenario is related to both RAN1 and RAN2. 

	Motorola Mobility, Lenovo
	Related to RAN1


Q15-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, LGE, Nokia, NSB, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, APT, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: Panasonic, OPPO, Huawei, Sony, Fujitsu, Intel, MTK, ITRI
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO 
	High priority, RAN1 can discuss what UE behavior is on handling the deprioritized PUSCH. e.g. dropping or rate-matching of PUSCH.

	vivo
	This scenario should be treated in RAN1 with a high priority

	ZTE
	R15 rules cannot be reused here. 

	Panasonic
	Current MAC specification does not allow to send SR if it overlapped with PUSCH resource. First, RAN2 should discuss the changes in the MAC specification on how URLLC SR is prioritized to ensure URLLC latency/reliability requirement.

	OPPO
	This scenario should be discussed in RAN2 first.

	Huawei
	Low priority as the RAN2 input may be needed

	Nokia, NSB
	Rel-15 rule cannot be applied and RAN1 should discuss the necessary new UE behavior.

	Sony
	RAN1 should not waste time on this since RAN2 is handling this topic.

	Sharp
	New rules are needed to give higher priority to URLLC SR.

	ETRI
	Rel-15 principle does not directly apply to this scenario.

	WILUS
	It is necessary to discuss new UE behavior to this scenario in RAN1

	Intel
	Wait for RAN2 conclusion

	MTK
	Wait for RAN2 conclusion.


Q15-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	When this collision case happens, assuming priority information for URLLC SR and eMBB PUSCH is known for PHY layer. Considering the URLLC SR information payload is small, multiplexing SR information bit(s) in eMBB PUSCH will not have a big impact on eMBB transmission performance and reliability for URLLC SR can be ensured by reserving enough REs for SR. Therefore, we prefer to piggyback SR information bit on eMBB PUSCH by always reserving some REs for SR regardless whether the SR is negative or positive. So PUSCH should always rate-match around the reserved REs to simplify PUSCH generation and gNB’s detection for SR transmission. 

	Qualcomm
	We propose to drop eMBB PUSCH and transmit SR if the SR is positive. The dropping is performed on and after overlapping resources. 

	vivo
	In current specs, PUSCH and SR are not allowed to be transmitted simultaneously.  
Firstly, URLLC SR should have the higher priority. For an on-going eMBB PUSCH, when URLLC SR is delivered by MAC, URLLC SR should be transmitted and eMBB PUSCH should be dropped.

The follows solutions can be discussed  

· Alt 1: When URLLC SR is positive, URLLC SR is transmitted and total or partial eMBB PUSCH is dropped. Otherwise, eMBB PUSCH is transmitted.

· Alt 2:SR is multiplexed on eMBB PUSCH


	InterDigital
	Multiplex SR on PUSCH if the following conditions are satisfied, otherwise drop PUSCH at least for the overlapping portion when SR is positive:

· PUSCH does not start earlier or end later than the applicable PUCCH resource for the SR (to ensure latency requirement of SR is satisfied and enough processing time is available)

· Number of coded modulation symbols per layer Q’SR would be less than a threshold (to ensure reliability requirement is satisfied)

When multiplexing URLLC SR on eMBB PUSCH:

· Use additional set of parameters  and PUSCHoffset configured for the case of high-priority HARQ-ACK multiplexed into low-priority PUSCH.

	ZTE
	Drop eMBB PUSCH on the overlapping symbols without resuming when URLLC SR is positive. Transmit PUSCH if URLLC SR is negative. 

	CATT
	For overlapping eMBB PUSCH and URLLC SR, the timeline requirement in R15 does not need to be satisfied. PHY just drop eMBB PUSCH. 

	OPPO
	If multiplexing rule is met, reuse Rel-15 multiplexing scheme with some new beta_offset, otherwise, drop eMBB PUSCH. Rel-15 multiplexing rule is the baseline.

	Huawei
	Wait for RAN2 input if any; otherwise, if both SR and MAC PDU are sent to the PHY, drop eMBB PUSCH or consider piggybacking URLLC SR on eMBB PUSCH.

	LGE
	Considering that URLLC SR is essential for latency, our proposal is to drop eMBB PUSCH if URLLC SR is positive; otherwise, eMBB PUSCH can be transmitted. 

	Nokia, NSB
	Rel-15 rule of always dropping SR is not working any more. In case timeline is OK and potential performance degradation (e.g. latency) to URLLC SR is tolerable, URLLC SR can be multiplexed with eMBB PUSCH. Otherwise, dropping eMBB PUSCH.

	Sony
	Wait for RAN2 conclusion.

	Fujitsu
	Terminate or drop eMBB PUSCH if URLLC SR is positive.
How to terminate or drop eMBB PUSCH could follow the conclusions made for handling collision between eMBB PUSCH and URLLC PUSCH.

	Sharp
	Transmit positive URLLC SR, drop/puncture eMBB PUSCH.

	Spreadtrum
	Drop eMBB PUSCH if there is a positive URLLC SR.

	ETRI
	Multiplex SR and UL-SCH as baseline. For instance, UL grant assigns sufficient resources for PUSCH.

	Samsung
	Drop eMBB PUSCH (when positive SR). Also, support simultaneous PUSCH and PUCCH as a UE capability in which case no other handling is needed.

	Ericsson
	Drop eMBB PUSCH.

	WILUS
	Our preference is to multiplex URLLC SR in eMBB PUSCH if SR occasion overlapping with the eMBB PUSCH. A gNB can allocate resources for multiplexing URLLC SRs in eMBB PUSCH and the overhead is marginal when considering the # of SR occasion overlapping the eMBB PUSCH is small. If eMBB PUSCH multiplexed with UCI is dropped, it would results in some impacts. 

	Intel
	A unified solution should be adopted that can handle SR vs PUSCH collision irrespective of service type.

MAC prioritization rule of LCHs is sufficient and in this case, the LCH containing PUSCH may have lower priority than LCH containing SR when SR resource and PUSCH resource overlap, and consequently, SR is forwarded to PHY for transmission.

PUSCH may still be forwarded to PHY and can be stored in buffer to facilitate subsequent HARQ retransmission. 



	APT
	Transmit URLLC SR only if SR is positive, and drop eMBB PUSCH 

	MTK
	If MAC passes PDU or SR then L1 should transmit it and drop the conflicting other transmission. If this is not satisfactory then multiplexing and puncturing can also be considered. RAN1 should wait for RAN2 discussion outcome.

	ITRI
	Positive URLLC SR: Drop eMBB PUSCH.

Negative URLLC SR: Transmit eMBB PUSCH

	CMCC
	If the multiplexing conditions are met, try to multiplex, otherwise drop/puncture eMBB PDSCH. If URLLC PUCCH is multiplexed on eMBB PUSCH, multiple parameters related to UCI multiplexing (i.e. beta offset, scaling) should be configured by RRC signaling and UE can select one parameter set according to different service types of PUCCH and PUSCH

	Motorola Mobility, Lenovo
	Drop eMBB PUSCH, if at least one URLLC SR overlapping with the eMBB PUSCH is positive SR. Otherwise, transmit eMBB PUSCH.

	Apple
	Dropping eMBB PUSCH. 


3.16. Scenario-16: eMBB PUSCH vs.URLLC HARQ-ACK
Q16-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	Qualcomm
	The priority of HARQ-ACK is visible to the PHY layer. The priority of PUSCH should also be determined at the PHY layer for the reasons explained in our response to Q14-1.

	Vivo
	This scenario is related to RAN1

	InterDigital
	This needs to be handled at PHY since URLLC HARQ-ACK is not visible from MAC.

	ZTE
	Agree with InterDigital. 


	OPPO
	Agree with InterDigital.

	Huawei
	Agree with InterDigital. 

	LGE
	Agree with InterDigital

	Sharp
	RAN1 related

	APT
	Agree with InterDigital

	CMCC
	Agree with InterDigital


Q16-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Rel-15 multiplexing rules for PUSCH and HARQ-ACK cannot be directly used for this scenario considering the reliability and latency requirement for URLLC HARQ-ACK. New multiplexing rule can be defined.

	Vivo
	This scenario should be treated in RAN1 with a high priority

	InterDigital
	Agree with DOCOMO

	ZTE
	R15 rules cannot be reused here. 

	OPPO
	Agree with DOCOMO

	Huawei
	High priority for the collision of low priority channel with high priority channel

	Nokia, NSB
	Rel-15 rule is not sufficient considering the strict requirements from URLLC HARQ-ACK.

	Sharp
	Agree with DOCOMO. This should be one of the most important scenarios. 

	ETRI
	This may have different timeline condition from Rel-15.

	Intel
	Some further considerations to Rel15 procedures are needed

	CMCC
	This is a common and important scenario.


Q16-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	URLLC HARQ-ACK has higher priority than eMBB PUSCH. However, always prioritizing the URLLC HARQ-ACK transmission and dropping the eMBB PUSCH is inefficient. Therefore, we prefer to allow URLLC HARQ-ACK piggyback on eMBB PUSCH when timeline is satisfied, otherwise drop the eMBB PUSCH.

In order to guarantee the low latency and high reliability performance of URLLC HARQ-ACK, some enhancement on Rel-15 multiplexing rule for HARQ-ACK and PUSCH is needed. 

For the timeline, in addition PDSCH processing time and PUSCH prepare time defined in Rel-15, a new timeline for latency that the ending symbol of eMBB PUSCH is not later than ending symbol of URLLC PUCCH also should be satisfied.  On the other hand, in Rel-15, scaling parameter 
[image: image12.wmf]a

is used to configure the maximum available Res of PUSCH for UCI. When URLLC HARQ-ACK is multiplexed in eMBB PUSCH, if available Res for URLLC HARQ-ACK is not enough to satisfy the URLLC reliability, directly drop the eMBB PUSCH.


	Qualcomm
	We prefer to drop eMBB PUSCH and transmit HARQ-ACK, otherwise, the latency or reliability of URLLC HARQ-ACK cannot be guaranteed. The dropping is performed on and after the overlapping symbols. Furthermore, the timeline requirement in Rel-15 should be revisited; the URLLC PDSCH does not need to come N1 symbols before the start of the eMBB PUSCH. 

	Vivo
	In current spec, it is deemed as error case when multiplexing timeline is not met. For eMBB PUSCH and URLLC HARQ-ACK multiplexing, URLLC HARQ-ACK should have the higher priority.

If multiplexing timeline is satisfied, URLLC HARQ-ACK is multiplexed on eMBB PUSCH
· A betaoffset is indicated by gNB for possible URLLC UCI multiplexing on eMBB PUSCH

If multiplexing timeline is not satisfied, drop eMBB PUSCH



	InterDigital
	We prefer a solution that would allow the network to avoid excessive dropping of eMBB PUSCH when URLLC traffic is high. 

Multiplex URLLC HARQ-ACK on eMBB PUSCH if following conditions are satisfied, otherwise drop PUSCH at least for the overlapping portion:

· PUSCH does not start earlier or end later than PUCCH resource in which HARQ-ACK of URLLC would be reported; (this to ensure that latency requirement is satisfied and enough processing time is available).

· Number of coded modulation symbols per layer Q’ACK would be less than a threshold (to ensure reliability requirement is satisfied)

An additional set of parameters  and PUSCHoffset is configured and used for the case high-priority HARQ-ACK multiplexed into low-priority PUSCH.

The above rules would allow the network to reduce dropping by scheduling shorter transmissions for eMBB PUSCH when URLLC traffic increases.

Multiplexing of URLLC HARQ-ACK in eMBB PUSCH is done by puncturing considering that URLLC HARQ-ACK can be triggered shortly before start of eMBB PUSCH.

	ZTE
	If the ending symbol of PUSCH is no later than the ending symbol of the PUCCH for URLLC HARQ-ACK, reuse Rel-15 rules for multiplexing, otherwise drop eMBB PUSCH.

	CATT
	For overlapping eMBB PUSCH and URLLC HARQ-ACK, the timeline requirement in R15 does not need to be satisfied. Reuse R15 rules if certain conditions are satisfied (timeline/ latency), otherwise drop eMBB PUSCH.

Some enhancements can be considered by introducing additional configuration of alpha or beta-offset values for URLLC UCI multiplexing on eMBB PUSCH. 

	Panasonic
	URLLC HARQ-ACK should be prioritized compared to eMBB PUSCH. One of simplest way would be Tx prioritization such as dropping or puncturing eMBB PUSCH. There is any impact to URLLC UCI performance, while eMBB PUSCH performance will degrades. The other possibility would be URLLC UCI is multiplexing in eMBB PUSCH as in Rel.15 mechanism. UCI performance would be controlled by using beta-offset. If beta-offset values specified in Rel.15 is not sufficient for ensuring URLLC HARQ-ACK performance, enhancement of beta-offset values including specific value, which allows for dropping eMBB PUSCH would be considered.

	OPPO
	If multiplexing rule is met, reuse Rel-15 multiplexing scheme with some new beta_offset, otherwise, drop eMBB PUSCH. Rel-15 multiplexing rule is the baseline.

	Huawei
	Piggyback URLLC HARQ-ACK on eMBB PUSCH under conditions of: 

1, timeline satisfies and 

2, DL grant triggering URLLC HARQ-ACK is no later than UL grant scheduling the eMBB PUSCH.

Otherwise drop eMBB PUSCH.

	LGE
	Our preference is to piggyback URLLC HARQ-ACK on eMBB PUSCH if timeline is met. Otherwise, eMBB PUSCH is dropped.

	Nokia, NSB
	When the timeline is OK and no problem for the overall latency budget for URLLC traffic, URLLC HARQ-ACK can be multiplexed with eMBB PUSCH with high beta_offset value to guarantee the reliability performance. One potential change is in case frequency hopping is applied for PUSCH, URLLC HARQ-ACK can be mapped to the first part of the PUSCH resource to guarantee latency.

In case it is not possible to multiplex due to e.g. timeline, resource or performance issue, URLLC HARQ-ACK should be prioritized, and eMBB PUSCH can be dropped.

	Sony
	If the UL Grant for the eMBB PUSCH arrives AFTER all the DLGrants for the URLLC PDSCH, then the UE is totally aware of these colliding HARQ-ACKs and can then construct a PUSCH with these multiplexed HARQ-ACK with the required reliability.  It can also be argued that the gNB is aware of the collision when it schedules the eMBB PUSCH and so it should provide sufficient reliability on that PUSCH to carry the URLLC HARQ-ACK bits.

Hence, the UE multiplex the HARQ-ACK bits into the eMBB PUSCH if the UL Grant for the eMBB PUSCH arrives AFTER all the DL Grants scheduling the URLLC PDSCH.  Otherwise the UE drops the eMBB PUSCH and transmits the URLLC HARQ-ACK.

	Fujitsu
	If the latency of URLLC A/N is not enlarged and the multiplexing timeline is satisfied, URLLC HARQ-ACK could multiplexed on eMBB PUSCH; if not, drop eMBB PUSCH and transmit URLLC A/N.

	Sharp
	URLLC HARQ-ACK multiplexing on eMBB PUSCH should be supported under some timing and RE resource conditions. Enhancements are needed, e.g. different beta offset value, more flexible starting symbol location, multiplex on a single hop only.

	Spreadtrum
	Drop eMBB PUSCH.

	ETRI
	If UL grant before DL assignment is not discussed, then timeline check determines whether multiplex HARQ-ACK and UL-SCH, or drop UL-SCH.

	Samsung
	Drop eMBB PUSCH following Rel-15 timelines. Also, support simultaneous PUSCH and PUCCH as a UE capability in which case no other handling is needed.

	Ericsson
	Since PUSCH is scheduled after DL grants corresponding to URLLC AN, the DAI, beta and time and frequency resources for PUSCH should be scheduled properly to meet the delay and reliability required for URLLC.
If multiplexing timeline is not met, the UE drops eMBB PUSCH and transmit only URLLC AN. Otherwise, the UE multiplexes URLCC AN on eMBB PUSCH based on Rel-15.


	WILUS
	Multiplexing URLLC HARQ-ACK on eMBB PUSCH if reliability and latency are satisfied. One considering point is if eMBB PUSCH is configured with frequency hopping, a UCI is distributed over two hops. So, it is hard to satisfy latency constraint in the PUSCH hopping case. 

	Intel
	A unified solution should be adopted to handle conflict of HARQ-ACK and PUSCH irrespective of service types. This scenario is treated as an error case in Rel15 when timeline is not met. 

Similar to response in Scenario -05 and Scenario -14, we propose that HARQ-ACK can be multiplexed onto PUSCH if timeline is met. We propose the following procedure.

· If timeline is met, multiplex according to Rel15 procedure

· If timeline is not met, prioritize HARQ-ACK or PUSCH transmission based on time of arrival of the PDCCH of PDSCH corresponding to the HARQ-ACK and PDCCH of the PUSCH, i.e., based on whichever PDCCH ends later indicates a more urgent and prioritized transmission. This is because network already knows about resource allocation of first PDCCH when it sends the second PDCCH, where second PDCCH ends later than first PDCCH. 

In our view, if timeline can be met, URLLC HARQ-ACK can be multiplexed onto the PUSCH according to beta offset values, e.g., can be mapped at the beginning of the PUSCH after DMRS so that latency does not increase much.



	APT
	If some conditions are met, e.g., timeline condition or required code rate, multiplex URLLC HARQ-ACK on the eMBB PUSCH, otherwise drop eMBB PUSCH. Extended beta offset value or DCI can be used to indicate the multiplexing behavior.

	MTK
	URLLC HARQ latency and reliability are both concerns.

See analysis in Section 2.18. As with scenario-05 and scenario-14:
- If Timelines are not met for multiplexing then prioritize the transmission scheduled by the later DCI. Drop the other transmission.

- Else if PUSCH was scheduled not earlier than HARQ then multiplex.

- Else if  “fast HARQ codebook” selected then prioritize HARQ, drop PUSCH

- Else (“slow codebook”) multiplex.

Note: gNB may have the option to select “slow” codebook for URLLC HARQ-ACK if the slot does not have one yet.

	ITRI
	Multiplexing URLLC HARQ-ACK on eMBB PUSCH if certain conditions for URLLC HARQ-ACK can be satisfied (timeline, latency, and reliability). Otherwise, drop the eMBB PUSCH

	CMCC
	If the multiplexing conditions are met, try to multiplex, otherwise drop/puncture eMBB PDSCH. If URLLC PUCCH is multiplexed on eMBB PUSCH, multiple parameters related to UCI multiplexing (i.e. beta offset, scaling) should be configured by RRC signaling and UE can select one parameter set according to different service types of PUCCH and PUSCH

	Motorola Mobility, Lenovo
	Drop eMBB PUSCH (MCS of eMBB PUSCH may not be suitable for URLLC HARQ-ACK transmission).

	Apple
	Piggyback HARQ-ACK on eMBB PUSCH if timeline/latency/reliability requirement are met. The beta-offset value is indicated to control the Res number in DL grant to ensure the reliability of URLLC HARQ-ACK. If timeline can not met, drop eMBB PUSCH on the overlapped symbols. 


3.17. Scenario-17: eMBB PUSCH vs. CSI
Q17-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: 

Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Since CSI is derived in the physical layer, therefore the collision case for CSI and PUSCH is related to RAN1.

	Qualcomm
	Same view as DOCOMO. 

	Vivo
	Agree with DOCOMO

	InterDigital
	Agree with DOCOMO

	ZTE
	Agree with DOCOMO

	Panasonic
	Agree with DOCOMO.

	OPPO
	Agree with DOCOMO.

	Huawei
	Agree with DOCOMO

	LGE
	Agree with DOCOMO

	Sharp
	Agree with DOCOMO

	Samsung
	Agree with DOCOMO.

	CMCC
	Agree with DOCOMO.


Q17-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: OPPO, Samsung
· This scenario should be treated in RAN1 with a low priority. 

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, Huawei, LGE, Nokia, NSB, Sony, Sharp, Spreadtrum, ETRI, WILUS, Intel, MTK, CMCC, Motorola Mobility, Lenovo
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	During SI, whether to support CSI enhancement for URLLC was discussed while there is no consensus on utilizing CSI for URLLC to ensure the reliability. Considering the limited RAN1 budget, we think the collision handling related to CSI can be deprioritized.

	Vivo
	This scenario should be treated in RAN1 with a low priority

	ZTE
	Rel-15 rule can be reused. 

	Panasonic
	Our view is to reuse Rel.15 rule would be the simplest solution and less specification impact.

	OPPO
	Reuse Rel-15 rules

	Huawei
	Low priority as Rel-15 rules can be simply reused

	Nokia, NSB
	We do not see the need to provide special treatment for CSI, so Rel-15 behavior is sufficient.

	Fujitsu
	No need to discuss this issue, due that it has already been agreed no high-priority CSI is supported in Rel-16. Hence, how to handle CSI and eMBB SR should be as same as Rel-15.

	Sharp
	Rel-15 rules are sufficient.

	ETRI
	Reuse Rel-15.

	Samsung
	SI discussions considered A-CSI enhancements for URLLC – not whether there is (or is not) CSI for URLLC

	CMCC
	Reuse Rel-15 rules.


Q17-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	Based on our views for Q17-2, reuse Rel.15 rule is sufficient.  

	Qualcomm
	Reuse Rel-15 rule. 

	Vivo
	Rel-15 mechanism can be reused

	InterDigital
	Reuse R15 rules.

	ZTE
	Reuse Rel-15 rule. 

	CATT
	Reuse R15 rules.

	Panasonic
	Reuse Rel.15 rule.

	OPPO
	Reuse Rel-15 rules

	Huawei
	Reuse Rel-15 rule. 

	LGE
	Reuse Rel-15 rule.

	Nokia/NSB
	Reuse Rel-15 rules

	Sony
	Reuse Rel-15 procedures.

	Sharp
	Reuse Rel-15 rules.

	Spreadtrum
	Reuse Rel-15 rules.

	ETRI
	Reuse Rel-15.

	Samsung
	Follow Rel-15 if CSI is for MBB. Dropping eMBB PUSCH or URLLC CSI if CSI is for URLLC. CSI priority is known at PHY. Support simultaneous PUSCH and PUCCH as a UE capability in which case no other handling is needed.

	Ericsson
	Reuse Rel-15

	Intel
	Rel-15 rules are sufficient

	MTK
	Reuse Rel-15.

	ITRI
	Reuse Rel-15

	CMCC
	Reuse R15 rules

	Motorola Mobility, Lenovo
	If a PUCCH resource for CSI is configured as a high priority PUCCH, consider it as an error case.

If a PUCCH resource for CSI is configured as a low priority PUCCH, reuse Rel-15 rule.

	Apple
	Reuse R15 rules


3.18. Scenario-18: eMBB PUSCH vs. URLLC PUSCH
Q18-1: Correlation to RAN1 work

· This scenario is related to RAN1.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, ITRI, CMCC, Motorola Mobility, Lenovo, Apple
· This scenario is not related to RAN1. 

· Companies: Sony, MTK
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Since multiplexing for LCHs of UL-SCH for a given grant is performed in MAC layer, the collision case for PUSCH vs PUSCH is highly related with RAN2. In addition, RAN1 should also be involved, especially for processing timeline related aspects. 

	Qualcomm
	In our view, this scenario should be handled in RAN1. There are two reasons for this:

1) As explained in our response to Q14-1, for the purpose of UCI multiplexing in scenarios where PUSCH is involved, PUSCH priority indication at the PHY layer leads to shorter processing timeline at the UE and, perhaps more importantly, a deterministic network behavior; The latter makes the gNB implementation easier, and leads to more resource efficient operation. 

2) Finally, it should be noted that not only the PHY-layer priority indication is simpler and leads to better uplink performance, it has similar outcomes as the MAC-based solution if the LCH restrictions are configured properly:

· low priority grants” (e.g., with high MCS and/or long PUSCH) are not used to send high priority LCHs as it can cause failure to meet delay/reliability requirements of high priority data,

· “high priority grants” (e.g., with low MCS and/or short PUSCH duration) are not typically used when high priority data is unavailable, as it is resource inefficient to use such grants for low priority data.

Based on the above mentioned reasons, we think this scenario, including the priority indication and collision handling, should be discussed by RAN1.

	Vivo
	This scenario is related to RAN1

	InterDigital
	MAC cannot perform selection between grants if an overlapping URLLC PUSCH transmission is scheduled just before the eMBB PUSCH transmission starts.

	ZTE
	Both RAN1 and RAN2 are related. 

	Panasonic
	Agree with DOCOMO. The priority of PUSCH in PHY can be determined based on the priority given by MAC. RAN1 involvement would be necessary for the interaction between the priority instructed from MAC and the priority in PHY.

	OPPO
	Agree with DOCOMO

	Huawei
	Both RAN1 and RAN2 are related. 

	LGE
	We think that this scenario is related to both RAN1 and RAN2. 

	Nokia, NSB
	In case MAC delivering eMBB MAC PDU to PHY first and then URLLC MAC PDU coming to PHY later, new UE behavior should be defined at PHY.

	Sony
	Please note that RAN2 has an entire email discussion on PUSCH prioritization ([106#53][IIOT] Handling of overlapping PUSCH grant prioritization) 

	Sharp
	RAN1 related, but not involved in UCI.

	ETRI
	Both RAN1 and RAN2 are related.

	APT
	This scenario is related to both RAN1 and RAN2.

	MTK
	Agree with Sony.

	ITRI
	This scenario is related to both RAN1 and RAN2.

	CMCC
	This scenario is related to both RAN1 and RAN2.

	Motorola Mobility, Lenovo
	With a physical layer priority indication, this is related to RAN1.


Q18-2: Study priority

· This scenario should be treated in RAN1 with a high priority.

· Companies: DOCOMO, Qualcomm, vivo, InterDigital, ZTE, Panasonic, LGE, Nokia, NSB, Fujitsu, Sharp, Spreadtrum, ETRI, Samsung, WILUS, CMCC, Motorola Mobility, Lenovo
· This scenario should be treated in RAN1 with a low priority. 

· Companies: CATT,OPPO, Huawei, Ericsson, Intel, APT, MTK, ITRI
Please type your company name under your preferred options above. Detailed arguments can be listed below if you like:

	Company
	View

	DOCOMO
	Higher priority but given RAN2 is the leading group for this collision case, their email discussion is also on-going, maybe better to wait a little bit. RAN1 can first prioritize other collision case.

	Qualcomm
	For the reasons explained in our response to Q18-1, this scenario is in the scope of RAN1, and can be treated with a high priority. 

	vivo
	This scenario should be treated in RAN1 with a higher priority

	InterDigital
	This scenario needs to be handled by RAN1 regardless of the outcome of RAN2 discussions. All solutions considered by RAN2 may result in submitting multiple TBs to the physical layer for the overlapping resources.

	ZTE
	Agree with DOCOMO. 

	CATT
	We can treat this case after RAN2 has conclusions.

	Panasonic
	Agree with DOCOMO.

	OPPO
	Follow RAN2 conclusion

	Huawei
	Low priority as the RAN2 input may be needed

	LGE
	Agree with DOCOMO.

	Sony
	RAN2 has an entire email discussion on this topic.  Hence we do not need to waste time in RAN1.

	Fujitsu
	Agree with DOCOMO

	Sharp
	Uplink PUSCH preemption should be treated in other agenda items.

	ETRI
	RAN2 conclusion is needed, and UL preemption can be discussed in the other agenda.

	Intel
	Suggest to wait for RAN2 conclusion for this scenario and focus on scenarios that are mostly/purely RAN1 related. Moreover, this is outside of the scope of this agenda

	MTK
	Agree with Huawei.

	ITRI
	Agree with Huawei.

	CMCC
	Agree with DOCOMO. 


Q18-3: Detailed analysis/solutions for the scenario

	Company
	View

	DOCOMO
	 We would like to provide our views only on handling of overlapped PUSCH transmission, about the OOO PUSCH, it is expected to be discussed in another agenda. For the case dynamic scheduled PUSCH vs dynamic scheduled PUSCH, it has been agreed in RAN2#105 meeting that the later dynamic grant may always be prioritized over and earlier dynamic grant. One way to realize this is that MAC generate a PDU for each grant and let PHY handle conflicting transmissions. To be confirmed following progress in RAN1. Other solutions are not precluded. We think the solution that prioritize the later scheduled PUSCH proposed by RAN2 can work well, and from RAN1 perspective, proper timeline should be defined to support such collision case. In addition, if timeline is not met, then further discussion is also needed on whether to treat this is an error case or proper UE behavior can be defined.   

For the case dynamic scheduled PUSCH/configured grant vs configured PUSCH, we see for some cases, it may be possible for MAC layer to first make the prioritization. However, there are also some collision case that MAC layer cannot timely handle, e.g. for the cases when MAC has already sent the de-prioritized MAC PDU either configured grant or dynamic grant to PHY, the traffic with higher priority arrives. In this case, PHY needs to make the UL grant prioritization.  It seems complex to define for which case, PHY needs to handle and for which case, MAC layer should handle the collision. Therefore, for simplicity from both spec and implementation perspective, we slightly prefer to let physical layer handle such collision cases.  

Then remaining issues in RAN1 will be how the priority for configured grant and dynamic grant be known in PHY layer, the processing timeline/conditions required to support such collision case and UE behavior for deprioritized data. 



	Qualcomm
	Transmit the high priory (URLLC) PUSCH and drop the low priority (eMBB) PUSCH on and after the overlapping portion.  

	vivo
	This scenario is discussed on another agenda.   

	InterDigital
	Drop eMBB PUSCH at least for the overlapping portion.

	ZTE
	Drop the processing and the transmission of eMBB PUSCH on the overlapping symbols without resuming.

	CATT
	For overlapping eMBB PUSCH and URLLC PUSCH, the timeline requirement in R15 does not need to be satisfied. PHY just drop the eMBB PUSCH. 

	Panasonic
	Drop eMBB PUSCH.

	OPPO
	Later grant has higher priority. Transmit PUSCH with high priority and drop PUSCH with low priority

	Huawei
	Wait for RAN2 input if any. If grant selection is performed in MAC, then the MAC PDU sent to PHY layer later should be prioritized in case of two MAC PDUs are sent. Otherwise, prioritize the URLLC PUSCH and drop eMBB PUSCH. Identification between URLLC and eMBB can be according to the priority of associated logical channels or a unified identifier if agreed in other scenarios.

	LGE
	This scenario should be discussed in another agenda (enhancements to scheduling/HARQ AI). 

	Nokia, NSB
	It is still being discussed how prioritization will be done at MAC layer. Regardless of RAN2 decision, there can be overlapping cases for low priority PUSCH and high priority PUSCH at PHY. PUSCH priority information should be known at PHY, and in case of overlapping, the low priority PUSCH should be dropped at least for overlapping portion.   

	Sony
	Wait for RAN2’s conclusion.

	Sharp
	Drop/puncture eMBB PUSCH at least in overlapping symbols.

	Spreadtrum
	Drop eMBB PUSCH.

	ETRI
	Wait for RAN2’s conclusion. This is because at least GB eMBB and GF URLLC can follow the RAN2 decision. If both UL-SCH has dynamic UL grant, then the URLLC UL grant (or later UL grant) can be used.

	Samsung
	For DG-PUSCH (i.e., eMBB PUSCH and URLLC PUSCH are all dynamic granted), prioritize PUSCH associated with later grant. For CG-PUSCH (i.e., at least one of eMBB PUSCH and URLLC PUSCH is configured grant), prioritize URLLC (priority is known at PHY).  

	Ericsson
	Wait for RAN2 

	WILUS
	Drop eMBB PUSCH at least for the overlapping portion. One remaining point discussed here is whether to multiplex UCI into the URLLC PUSCH, where the UCI is multiplexed in the dropped eMBB PUSCH. If the REs for UCI transmission does not affected by dropping eMBB PUSCH, it is natural not to multiplex the UCI into the URLLC PUSCH. Otherwise, the UCI is multiplexed into the URLLC PUSCH (further check may be needed for latency and reliability) 

	Intel
	Wait for RAN2’s conclusion. In our view, MAC prioritization, i.e., based on the priority of LCHs containing the PUSCHs, can be sufficient.

	APT
	Wait for RAN2’s decision, then provide RAN1’s view, if any.

	MTK
	Wait for RAN2 conclusion. L2 should only pass PDU to L1 if it is to be transmitted. Any overlapping transmission needs to be dropped in this case.

	ITRI
	Drop eMBB PUSCH, at least in overlapped symbols, if this issue need to be handled by RAN1.

	CMCC
	First handled by MAC layer;

if both MAC PDUs are delivered to physical layer, drop/puncture eMBB PUSCH or earlier PUSCH.

	Motorola Mobility, Lenovo
	UE cancels transmission of eMBB PUSCH for transmission of URLLC PUSCH. The timing of transmission cancellation is dependent on the minimum required cancellation duration.  

	Apple
	Drop eMBB PUSCH


4. Feature lead observations

The opinions of companies are summarized in the following table:

	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	Most companies suggest to reuse R15. Some companies proposed to enhance for some sub-scenarios.
	
	
	

	CSI
	Most companies support enhancement. 2 options for P-CSI.

Same as SR/PUSCH scenario for A-CSI.
	Most companies support enhancement. 2 options for P-CSI.

Same as SR/PUSCH scenario for A-CSI.
	
	

	URLLC PUSCH
	Most companies suggest to reuse R15. Some companies proposed to enhance and some companies proposed to wait for RAN2 decision
	Most companies suggest to reuse R15.

Some companies proposed to enhance for some sub-scenarios.
	Most companies support enhancement. 2 options.
	

	eMBB SR
	Most companies suggest to drop SR with low priority. Some companies proposed it’s up to UE implementation and some companies proposed to wait for RAN2 decision
	Most companies support enhancement. 2 options.
	Most companies suggest to reuse R15.
	Most companies propose to drop SR. Some companies proposed to multiplex and some companies proposed to wait for RAN2 decision

	eMBB HARQ-ACK
	Most companies support enhancement. 2 options 
	Most companies support enhancement. 3 options (Mainly focus on 2 options)
	Most companies suggest to reuse R15.
	Most companies support enhancement. 2 options

	eMBB PUSCH
	Most companies support enhancement.
3 options
(can wait one meeting for RAN2 progress)
	Most companies support enhancement.
2 options.
	Most companies suggest to reuse R15.
	Some companies proposed to drop eMBB PUSCH 


Potential proposals for discussion in RAN1#98

Potential proposal 1 (URLLC vs URLLC)
Reuse the R15 mechanism for the following scenarios:

· [S-1] URLLC SR collides with URLLC HARQ-ACK, except for:
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· [S-4] URLLC SR collides with URLLC PUSCH
· FFS if simultaneous UCI/PUSCH transmission is supported.
(MTK suggested to wait for RAN2 outcome.)
· [S-5] URLLC HARQ-ACK collides with URLLC PUSCH, except for:
· FFS if the error cases in R15 need to be supported in R16.
(MTK proposed a solution without distinguishing type of PUSCH.)
Potential proposal 2 (eMBB vs CSI )
Reuse the R15 mechanism for the following scenarios:

· [S-9] eMBB SR collides with CSI
· [S-13] eMBB HARQ-ACK collides with CSI
· [S-17] eMBB PUSCH collides with CSI
(Motorola proposed to treat it as an error case if a PUCCH resource for CSI is configured as a high priority PUCCH.)

Potential proposal 3 (URLLC vs CSI ):

[S-2] In case URLLC SR collides with P-CSI/SP-CSI on PUCCH, down-select from options below:

· Option 1: Drop CSI and prioritize SR (if SR is positive).
· Option 2: If multiplexing rule is met, reuse Rel-15 multiplexing solution. 
· FFS the rules, e.g.
· Timeline

· Latency 

· Reliability

· Priority of the PUCCH resource for CSI
· FFS handling of CSI if multiplexing rule is met, e.g.
· Drop CSI
· CSI is punctured by the SR
[S-3] In case URLLC HARQ-ACK collides with P-CSI/SP-CSI on PUCCH, down-select from the two options:

· Option 1: Drop CSI and prioritize HARQ-ACK.
· Option 2: If multiplexing rule is met, reuse Rel-15 multiplexing solution. Otherwise, drop CSI.
· FFS the rules, e.g.
· Timeline

· Latency 

· Reliability

· Priority of the PUCCH resource for CSI
[S-6] In case URLLC PUSCH collides with CSI, down-select from options below:

· Option1: Drop CSI.
· Option2: Reuse Rel-15 multiplexing solution if the multiplexing rule is met. Otherwise, drop CSI. 
· Beta_offset value is to be extended.
· FFS the rules, e.g.
· Timeline

· Priority of the PUCCH resource for CSI
Potential proposal 4 (URLLC UCI vs eMBB UCI): 
[S-7] In case two SRs with different priorities collide with each other, down-select from the two options:

· Option 1: Drop the SR with the lower priority if the SR with the higher priority is positive.

· Option 2: Up to UE implementation.
[S-8] In case URLLC HARQ-ACK collides with eMBB SR, down-select from options below:

· Option 1: Drop eMBB SR
· Option 2: Reuse Rel-15 multiplexing solution if the multiplexing rule is met. Otherwise, drop eMBB SR. 

· FFS the rules, e.g.
· Timeline

· Latency 

· Reliability
(MTK suggested to reuse theRel-15 mechanism.)
[S-11] In case eMBB HARQ-ACK collides with URLLC SR, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK 

· Option 2: Reuse Rel-15 multiplexing solution if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK

· FFS the rules, e.g.
· Timeline

· Latency 

· Reliability
· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4
· FFS: Resending HARQ-ACK after dropping.
(MTK proposed to support eMBB HARQ-ACK resending via reporting over PUSCH)
 [S-12] In case eMBB HARQ-ACK collides with URLLC HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK. 
· FFS: support eMBB HARQ resending via reporting over PUSCH
· Option 2: Reuse Rel-15 multiplexing solution if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the rules, e.g.
· Timeline

· Latency 

· Reliability
· FFS: Resending HARQ-ACK after dropping.
(MTK: if multiplexing PUCCH’s result in the same outcome as sending HARQ-ACK for URLLC traffic by selecting the eMBB HARQ codebook then Option-2 is not meaningful.)
Potential proposal 5 (URLLC PUSCH vs eMBB UCI):

[S-10] In case eMBB SR collides with URLLC PUSCH, 
· Option 1: drop eMBB SR.
· Option 2: Reuse Rel-15 multiplexing solution if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK

· FFS the rules, e.g.
· Timeline

· If URLLC PUSCH does not include UL-SCH
(3 companies suggested to wait for RAN2 outcome.)
[S-14] In case eMBB HARQ-ACK collides with URLLC PUSCH, down-select from options below.
· Option 1: 
· Drop eMBB HARQ-ACK

· Option 2: Multiplexing if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· New beta_offset values are introduced

· FFS the rules, e.g.
· Timeline

· Latency
· Reliability
· If URLLC PUSCH does not include UL-SCH
(MTK proposed a solution without distinguishing type of PUSCH.)
Potential proposal 6 (URLLC UCI vs eMBB PUSCH):

[S-15] In case eMBB PUSCH collides with URLLC SR, down-select from options below. (can wait one meeting for RAN2 progress)
· Option 1: Drop eMBB PUSCH if SR is positive. Otherwise, transmit eMBB PUSCH
· Option 2: Multiplexing if latency and/or reliability requirement are met, Otherwise, drop eMBB PUSCH

· FFS details:
[S-16] In case eMBB PUSCH collides with URLLC HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB PUSCH
· Option 2:Multiplexing if timeline, latency and/or reliability requirement are met, Otherwise, drop eMBB PUSCH

· FFS details:
(MTK proposed a solution without distinguishing type of PUSCH.)
Scenario-01: URLLC HARQ-ACK vs. URLLC SR
Most of companies suggested reusing Rel-15 mechanism, at least as baseline.
· Support [27]: DOCOMO, QC, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujistu, Sharp, Spreadrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, KT, Motorola Mobility, Lenovo, Apple
8 Companies proposed enhancements for some sub-scenarios
· Multiple HARQ-ACKs overlapping with SR: CATT
· The case that SR with PF0 and HARQ-ACK with PF1: Nokia, NSB, Sony

· The case of multiplexing more than 1 URLLC SR bit and URLLC HARQ-ACK is not supported in Rel-16: Fujitsu
· SR priority issue: Sharp

· Enhanced timeline: CMCC
The discussion point would be if it is necessary to consider the sub-scenarios considered by the proponent companies.
Scenario-02: CSI vs. URLLC SR
Most of companies agreed that an enhancement in R16 is needed for this scenario.
In case of P-CSI, two options were proposed:

· Option 1: Drop CSI and prioritize SR transmission (if SR is positive) 
· Support [19]: DOCOMO, QC, vivo, InterDigital, CATT (PUSCH without UL-SCH), Panasonic, Nokia, NSB, Sony, Fujistu, Sharp, Spreadrum, Sony, Ericssion, WILUS, Intel, MTK, ITRI, KT, Apple
· Option 2: Multiplexing if some conditions are met, otherwise, drop CSI. 
· Support [7]: ZTE, OPPO, Huawei, LGE, ETRI, CMCC, Motorola Mobility, Lenovo
· Conditions for multiplexing: 

· Timeline

· Latency 

· Reliability

· Priority of the PUCCH resource for CSI
In case of A-CSI, some companies proposed to adopt the same mechanism as that for the collision between PUSCH and SR.
· Support [5]: QC, InterDigital, CATT, OPPO, Apple
Scenario-03: CSI vs. URLLC HARQ-ACK
Most of companies agreed that an enhancement in R16 is needed for this scenario.
In case of P-CSI, two options were proposed:

· Option 1: Drop CSI and prioritize HARQ-ACK transmission

· Support [18]: DOCOMO, QC, vivo, InterDigital, CATT, Panasonic, LGE, Nokia, NSB, Sony, Fujistu, Sony, Spreadrum, Samsung (eMBB CSI), WILUS, Intel, MTK, ITRI, KT
· Option 2: Multiplexing if some conditions are met, otherwise, drop CSI. 
· Support [10]: vivo, ZTE, OPPO, Huawei, ETRI, Samsung (URLLC CSI), Ericsson, CMCC, Motorola Mobility, Lenovo, Apple
· Conditions for multiplexing: 

· Timeline

· Latency 

· Reliability

· Priority of the PUCCH resource for CSI
In case of A-CSI, some companies proposed to adopt the same mechanism as that for the collision between PUSCH and SR.

· Support[4]: InterDigital, CATT, OPPO, Sharp
Scenario-04: URLLC PUSCH vs. URLLC SR
Most of companies proposed to reuse R15 mechanism.

· Support [21]: DOCOMO, QC, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, LGE, Nokia, NSB, Sharp, Spreadrum, ETRI, Samsung, Ericsson, WILUS, ITRI, CMCC, KT, Motorola Mobility, Lenovo, Apple
2 companies proposed some enhancements, e.g. multiplexing, puncturing, simultaneous transmission of PUCCH and PUSCH

· Support[2]: Huawei, Samsung

6 companies proposed to wait for RAN2 decision
· Support[6]: Huawei, LGE, Sony, Fujistu, Intel, MTK
Scenario-05: URLLC PUSCH vs. URLLC HARQ-ACK
Most of companies proposed to reuse R15 mechanism.
· Support [25]: QC, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Sharp, Spreadrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, KT, Motorola Mobility, Lenovo, Apple
12 companies proposed some enhancements, e.g. error cases in Rel-15
· Support [12]: DOCOMO, vivo, CATT, Intel, Fujitsu, Panasonic, Nokia, NSB, Huawei, MTK (conditions on scheduling order), WILUS, APT, CMCC
MTK proposal:

In collision scenarios between PUSCH and HARQ [S-5, S-14, S-16]:

· do not make distinctions between URLLC PUSCH and eMBB PUSCH 

· drop PUSCH and only transmit HARQ if either

· timelines are not met, or

· URLLC HARQ codebook is selected and the scheduling DL-DCI precedes the UL-DCI scheduling PUSCH

· otherwise multiplex HARQ onto PUSCH
· note: URLLC HARQ-ACK bits can be multiplexed with PUSCH by selecting eMBB HARQ codebook

· note: in general HARQ feedback for eMBB traffic is already scheduled by the time PUSCH is scheduled 

Scenario-06: URLLC PUSCH vs. CSI
Most of companies agreed that an enhancement in R16 is needed for this scenario.
Two options were proposed:
· Option1: Drop CSI 
· Support[9]: QC, vivo, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadrum, Samsung (eMBB CSI), Intel 
· Option2: Multiplexing CSI in URLLC PUSCH if some conditions are met, otherwise, drop CSI. And beta_offset value needs to be extended.
· Support [22]: DOCOMO, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sharp, ETRI, Samsung (URLLC CSI), Ericsson, WILUS, APT, MTK, ITRI, CMCC, KT, Apple, Motorola Mobility, Lenovo
· Conditions for multiplexing: 

· Timeline

· Priority of the PUCCH resource for CSI
Scenario-07: eMBB SR vs. URLLC SR
Most of companies proposed to drop SR with low priority.

· Support [17]: DOCOMO, InterDigital,  ZTE, CATT, OPPO, Huawei, LGE, Sony, Sharp, ETRI, Samsung, Ericsson, WILUS, CMCC (Multiplexing if timeline is met, otherwise, drop), KT, Motorola Mobility, Lenovo, Apple
5 companies proposed it’s up to UE implementation

· Support [5]: QC, Huawei, Nokia, NSB, Spreadrum, Ericsson

6 companies suggested that the scenario should be confirmed by RAN2 first.
· Support [6]: vivo, CATT, Huawei, Fujitsu, Intel, MTK

Scenario-08: eMBB SR vs. URLLC HARQ-ACK
Most of companies agreed that an enhancement in R16 is needed for this scenario. But MTK proposed to reuse the 15 mechanism.
Two options were proposed:
· Option1: Multiplexing if timeline, latency and/or reliability are guaranteed, otherwise, drop eMBB SR.
· Support [19]: DOCOMO, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, ETRI,WILUS, Intel, MTK, ITRI, CMCC, KT
· Option2: Drop eMBB SR 

· Support [8]: QC, Panasonic, Spreadrum, Samsung, Ericsson, WILUS, Motorola Mobility, Lenovo, Apple
Scenario-09: eMBB SR vs. CSI
Most of companies proposed to reuse R15 mechanism.
· Support [27]: DOCOMO, QC, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, KT, Motorola Mobility, Lenovo, Apple
· Motorola proposed to treat it as an error case if a PUCCH resource for CSI is configured as a high priority PUCCH.
Scenario-10: eMBB SR vs. URLLC PUSCH
Most of companies proposed to drop eMBB SR
· Support [20]: DOCOMO, QC, vivo, InterDigital, ZTE, CATT, Panasonic, Huawei, LGE, Nokia, NSB, Fujitsu, Sharp, Spreadrum, ETRI, Samsung, Ericsson, Intel, APT, ITRI, KT, Apple
4 companies proposed multiplexing if some conditions are met. otherwise, drop eMBB SR

· Support[4]: OPPO, Huawei, CMCC, Motorola Mobility, Lenovo
· Conditions for multiplexing: 

· Timeline

· If URLLC PUSCH does not include UL-SCH
3 companies proposed to wait for RAN2 decision

· Support [3]: Huawei, Sony, MTK
Scenario-11: eMBB HARQ-ACK vs. URLLC SR
Most of companies agreed that an enhancement in R16 is needed for this scenario.
· Option 1: Drop eMBB HARQ-ACK 

· Support [10]: QC, InterDigital, Panasonic, Fujitsu, Sharp, Samsung, Ericsson, Spreadrum, MTK, Motorola Mobility, Lenovo
· Option 2: Reuse Rel-15 rules if timeline is met, otherwise, drop eMBB. The case that SR PF0 and HARQ-ACK PF1 needs to be enhanced
· Support [19]: DOCOMO, vivo, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Sharp, ETRI, WILUS, Intel, MTK, ITRI, CMCC, KT, Apple
Scenario-12: eMBB HARQ-ACK vs. URLLC HARQ-ACK
Most of companies agreed that an enhancement in R16 is needed for this scenario.
· Option 1: Drop eMBB HARQ-ACK.
· Support [7]: QC, Panasonic, Spreadrum, Samsung, Intel, Motorola Mobility, Lenovo, MTK (delay eMBB HARQ-ACK: support resending HARQ via reporting over PUSCH, whenever it is dropped)
· Option 2: Multiplexing if some conditions are met, otherwise, drop eMBB HARQ-ACK.
· Support [21]: DOCOMO, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, ETRI, Ericsson, WILUS, APT, ITRI, CMCC, KT, Apple
· Conditions for multiplexing: 

· Timeline

· Latency

· Reliability
Scenario-13: eMBB HARQ-ACK vs. CSI
Most of companies proposed to reuse R15 mechanism.

· Support [27]: DOCOMO, QC, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, ETRI, Ericsson, WILUS, APT, ITRI, CMCC, MTK, Spreadrum, Samsung, Intel, KT, Motorola Mobility, Lenovo, Apple
· Motorola proposed to treat it as an error case if a PUCCH resource for CSI is configured as a high priority PUCCH.
1 company proposed multiplexing if CSI is for MBB, dropping eMBB HARQ-ACK or URLLC CSI if CSI is for URLLC.

· Support [1]: Samsung

Scenario-14: eMBB HARQ-ACK vs. URLLC PUSCH
Most of companies agreed that an enhancement in R16 is needed for this scenario.
· Option 1: Multiplexing if Rel-15 timeline is met. and/or Otherwise, drop eMBB HARQ-ACK. And beta_offset values needs to be extended.
· Support [25]: DOCOMO, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, ETRI, Ericsson, WILUS, APT, ITRI, CMCC, MTK, Samsung, Intel, KT, Motorola Mobility, Lenovo, Apple
· Conditions for multiplexing: 

· Timeline 
· If URLLC PUSCH does not include UL-SCH
· Option 2: Drop eMBB HARQ-ACK

· Support [2]: QC, Spreadrum
MTK proposal:

In collision scenarios between PUSCH and HARQ [S-5, S-14, S-16]:

· do not make distinctions between URLLC PUSCH and eMBB PUSCH 

· drop PUSCH and only transmit HARQ if either

· timelines are not met, or

· URLLC HARQ codebook is selected and the scheduling DL-DCI precedes the UL-DCI scheduling PUSCH

· otherwise multiplex HARQ onto PUSCH
· note: URLLC HARQ-ACK bits can be multiplexed with PUSCH by selecting eMBB HARQ codebook

· note: in general HARQ feedback for eMBB traffic is already scheduled by the time PUSCH is scheduled 

Scenario-15: eMBB PUSCH vs. URLLC SR
Most of companies agreed that an enhancement in R16 is needed for this scenario.
· Option 1: Multiplexing (Piggyback) SR in eMBB PUSCH if latency and reliability is met, otherwise, drop eMBB transmission.
· Support [9]: DOCOMO, vivo, InterDigital, OPPO, Nokia, NSB, ETRI, WILUS, CMCC, KT
· Option 2: Drop eMBB transmission, if SR is positive
· Support [15]: QC, vivo, CATT, ZTE, LGE, Fujitsu, Sharp, Spreadrum, Samsung, Ericsson, Intel, APT, ITRI, Motorola Mobility, Lenovo, Apple
· Option 3: Wait for RAN2 decision
· Support [3]: Huawei, Sony, MTK.
And it is noticed that the scenario is related to the ongoing RAN2 study.
Scenario-16: eMBB PUSCH vs.URLLC HARQ-ACK
Most of companies agreed that an enhancement in R16 is needed for this scenario.
· Option 1: Multiplexing (Piggyback) HARQ-ACK in eMBB PUSCH if timeline, latency and/or reliability requirement is met, otherwise, drop eMBB transmission.
· Support [22]: DOCOMO, vivo, InterDigital, ZTE, CATT, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, ETRI, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, KT, Apple
· Option 2: Drop eMBB transmission
· Support [5]: QC, Panasonic, Spreadrum, Samsung, Motorola Mobility, Lenovo
MTK proposal:

In collision scenarios between PUSCH and HARQ [S-5, S-14, S-16]:

· do not make distinctions between URLLC PUSCH and eMBB PUSCH 

· drop PUSCH and only transmit HARQ if either

· timelines are not met, or

· URLLC HARQ codebook is selected and the scheduling DL-DCI precedes the UL-DCI scheduling PUSCH

· otherwise multiplex HARQ onto PUSCH
· note: URLLC HARQ-ACK bits can be multiplexed with PUSCH by selecting eMBB HARQ codebook

· note: in general HARQ feedback for eMBB traffic is already scheduled by the time PUSCH is scheduled 

Scenario-17: eMBB PUSCH vs. CSI
Most of companies proposed to reuse R15 mechanism.

· Support [27]: DOCOMO, QC, vivo, InterDigital, ZTE, CATT, Panasonic, OPPO, Huawei, LGE, Nokia, NSB, Sony, Fujitsu, Sharp, Spreadrum, ETRI, Samsung, Ericsson, WILUS, Intel, APT, MTK, ITRI, CMCC, KT, Motorola Mobility, Lenovo, Apple
· Motorola proposed to treat it as an error case if a PUCCH resource for CSI is configured as a high priority PUCCH.
1 company proposed multiplexing if CSI is for MBB, dropping eMBB PUSCH if CSI is for URLLC.

· Support [1]: Samsung

Scenario-18: eMBB PUSCH vs. URLLC PUSCH
This scenario is not directly related to UCI enhancements. Some companies proposed to drop eMBB PUSCH.

And it is noticed that the scenario is related to the ongoing RAN2 study.
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