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1 Introduction
In RAN1 92 meeting [1], the following agreement is made for UL transmission with different reliability requirement. 
Agreements:

· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)

· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission

· How to signal the URLLC transmission power boosting
· How to signal the eMBB transmission power reduction after UL grant
· UE monitoring periodicity
· Processing timeline
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based

In this contribution, the issues and solutions for multiplexing of UL transmissions with different reliability including both PUSCH and PUCCH are discussed.
2 Multiplexing of PUSCH with different reliability requirement
NR supports both URLLC and eMBB services. Dynamic multiplexing of eMBB and URLLC data is preferred to increase the system resource efficiency. Different from eMBB services, URLLC services have very stringent requirement on latency and reliability i.e. 10-5 reliability within 1ms delay bound. The dynamic multiplexing of eMBB and URLLC is already supported if both eMBB and URLLC UEs use the same time unit for scheduling, e.g. using slot based PUSCH transmission with high SCS. However, for system with low SCS, the signalling cost for eMBB would be high because mini-slot needs to be used to satisfy the latency requirement of URLLC. Therefore, it is proposed that different scheduling time units for eMBB and URLLC data should be supported, e.g. slot based transmission for eMBB and mini-slot based transmission for URLLC.

However, it would be challenging for gNB scheduling if different scheduling time units are used for eMBB and URLLC. Upon URLLC data arrival, existing resource may already be occupied by previously scheduled eMBB data and there may be no enough remaining resource for URLLC data transmission. To satisfy URLLC data reliability and latency requirement, gNB may have to “update” its scheduling decision, e.g. scheduling URLLC data transmission in resource where previous eMBB data transmission is scheduled. Therefore, intra-UE or inter-UE collision between PUSCH transmission for eMBB and URLLC data would happen and solutions need to be discussed. 

2.1 Intra-UE Multiplexing
A UE can have both eMBB and URLLC UL traffic simultaneously. Each single PUSCH transmission of URLLC data would have much higher reliability requirement than that of eMBB data transmission. Different transmission parameters could be used for PUSCH transmission of URLLC and eMBB data including transmission power, MCS, antenna configuration, etc. It would be difficult to transmit URLLC and eMBB data with different reliability requirement in a single PUSCH transmission.
Therefore, intra-UE multiplexing of eMBB and URLLC data can be handled by different PUSCH transmissions scheduled by gNB. If intra-UE collision happens, a DCI with new UL grant for URLLC PUSCH transmission can be sent to the UE to override the previous eMBB PUSCH transmission. Therefore, we propose:
Proposal 1: For intra-UE multiplexing, URLLC UL data can override eMBB data by gNB scheduling

· If dynamically scheduled PUSCH transmissions overlap in time domain, the PUSCH scheduled by the UL grant in the latest DCI is transmitted, and other PUSCH transmissions are dropped
One issue is how gNB can timely learn the arrival of new URLLC UL data so it can make the scheduling decision for URLLC UL transmission. According to the current specification [2], for a triggered SR, the MAC layer will select a SR transmission resource which has no time domain overlapping with the existing UL-SCH transmission. If URLLC data arrives just before or during eMBB data transmission, the UE has to wait until the end of eMBB data transmission to send the SR for URLLC data. Too much time will be consumed and URLLC latency requirement cannot be satisfied.
To solve the problem, the UE should be able to send SR to gNB even when there exists eMBB UL data transmission. If there is on-going eMBB PUSCH transmission, eMBB transmission may need to be stopped to timely send the URLLC SR. Therefore, we propose:

Proposal 2: The SR triggered by URLLC traffic can be transmitted even if the SR resource has time domain overlapping with UE UL data transmission. 
For configured grant based PUSCH transmission, RAN2 has made that agreement “The dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain.” Therefore, for a UE supporting both eMBB and URLLC service, gNB should avoid scheduling its eMBB UL transmission in the same symbol as its own configured UL GF resource, if the configured UL GF resource is used for potential URLLC UL data transmission. 
2.2 Inter-UE Multiplexing
To enable URLLC UL transmission overriding eMBB UL transmission, similar as DL pre-emption, an indication can be sent from gNB to UE to cancel the existing eMBB UL transmission. The indication can only be sent after the URLLC scheduling decision is made; On the other hand, the indication should be sent early to allow enough processing time for eMBB UE to stop the transmission. To timely receive the cancelation indication, UEs with UL eMBB transmission have to monitor PDCCH in a similar periodicity as UEs with UL URLLC transmission. To save the energy consumption and to reduce the UE complexity, a UE should only monitor the indication of UL transmission cancelation if it has UL transmission to be sent.
Either UE specific or UE common control signalling can be used to send the indication for cancelation. Considering the high bandwidth requirement of URLLC data transmission, UE common control signalling is slightly preferred to save the signalling cost. 
3 Multiplexing of PUCCH with different reliability requirement
Similar as PUSCH, the reliability requirement of PUCCH transmission for URLLC and eMBB services can be different. For DL data transmission, UL HARQ information will provide gNB the information on whether data reception is correct or not. If a NACK feedback is not correctly received, DL data retransmission would be delayed. For URLLC service, sufficiently high reliability of PUCCH transmission would be required.

In the current specification, all the HARQ information to be transmitted in the same slot would be multiplexed and transmitted in a single PUCCH. If a UE supporting both eMBB and URLLC services, both HARQ information for URLLC and eMBB DL data transmission will be multiplexed and transmitted together. It would be not possible to differentiate the reliability of HARQ transmission for URLLC and eMBB, if they need to be transmitted in the same slot.
It would also be difficult to solve the problem by gNB scheduling. As discussed in section 2, the time unit for eMBB scheduling is relatively larger than the time unit for URLLC scheduling. The UE would receive the indication of time slot used for HARQ feedback of eMBB data earlier than that of URLLC data, and there may be no much choice for URLLC HARQ feedback timing due to the short latency requirement. 

From reliability point of view, PUCCH format 0 or PUCCH format 2 would be more suitable for URLLC HARQ feedback transmission. However, as the URLLC HARQ feedback will be multiplexed with eMBB HARQ feedback, the total number of bits may be beyond 2 bits and only PUCCH format 1, 3 or 4 can be used. 

Therefore, it would be beneficial if the HARQ feedback for URLLC data and eMBB data can be separately transmitted in different PUCCH if they need to be transmitted in the same slot.

Proposal 3: The HARQ feedback for URLLC data and eMBB data could be transmitted separately in multiple PUCCH if they need to be transmitted in the same slot
4 Conclusion
In this contribution, the multiplexing of UL transmissions with different reliability requirements are discussed. We propose:

Proposal 1: For intra-UE multiplexing, URLLC UL data can override eMBB data by gNB scheduling

· If dynamically scheduled PUSCH transmissions overlap in time domain, the PUSCH scheduled by the UL grant in the latest DCI is transmitted, and other PUSCH transmissions are dropped

Proposal 2: The SR triggered by URLLC traffic can be transmitted even if the SR resource has time domain overlapping with UE UL data transmission. 
Proposal 3: The HARQ feedback for URLLC data and eMBB data could be transmitted separately in multiple PUCCH if they need to be transmitted in the same slot
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