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1. Introduction

During Rel-15 WI for URLLC, multiplexing between UL transmissions with different latency/reliability requirements was discussed. Two options were put on the table: preemption based method and power control based method. However, due to time constraint and lack of consensus, nothing was adopted in Rel-15 finally [1]:

Conclusion:

· There is no concensus in Rel-15 to support handling inter-UE UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption)

In Rel-16, a new SID is approved and with the following objective [2]:

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

In this contribution, we discuss our view on UL inter UE Tx multiplexing to facilitate multiplexing between services with different latency and reliability requirements, as well as potential enhancements required.
2. Discussion in Re-15
In RAN1#92, the following candidates are listed for multiplexing between services with different latency and reliability requirements:

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 U
E 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
In the Rel-16 SI, given there was already some discussion in Rel-15 on the same topic, it is very natural to inherit the candidates listed in Rel-15. Companies could of course provide some more details, address the issues identified, or bring up new candidate(s).
Proposal 1: RAN1 further studies at least the following options for UL inter UE Tx multiplexing:
· Option 1: eMBB UE cancels UL transmission when an indication is detected
· 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.
· Other options are not precluded

3. Consideration in Rel-16 
In the following, we tried to address issues related to option 2.
Whether UL power control mechanism in Rel-15 is sufficient?

The first issue we would like to address is whether UL power control mechanism adopted in Rel-15 has already fulfilled the need or not. Rel-15 indeed introduces quite flexible framework for power control, while we think there would be side effect if power control mechanism in Rel-15 is directly applied here, which actually being raise by opponent of option 2 in previous discussions:
1. Power starvation for eMBB UE

Since one of the benefit of power control over indication based solution is eMBB UE doesn’t need to be informed existence of URLLC UE, eMBB UE transmission power would be continuously set to a lower level than what is required, if the same power control mechanism in Rel-15 is used. It would have negative impact on eMBB UE’s throughput/ coverage than what is actually required. That is, eMBB UE constantly uses a lower transmission power even if there is no other UE sharing the same resource. 
2. Power overshooting for URLLC UE (at least for grant-free UE)

For grant-based transmission, power boosting could be done by TPC command and/or section of closed loop. Power overshooting could be avoided by using separate closed loop depending on whether there is eMBB UE scheduled, while it has certain limitation given there are only two closed loops introduced in Rel-15 and other function, such as multi-beam  operation could not be taken care by closed loop TPC.
For grant-free transmission, the major tool to achieve power boosting would be open loop power control. That imply grant-free UE would be transmitting more power than actually required, even if there is no other UE sharing the same resource, which have negative impact on UE power consumption.

Observation 1: To support UL inter UE Tx multiplexing, Rel-15 power control mechanism could not avoid the following side effect:
· Power starvation for eMBB UE
· Power overshooting for URLLC UE (at least for grant-free UE)
The constraint for Rel-15 power control mechanism comes from the fact it is service-centric, such that a given power status would be linked to a service and could not be switched without any instruction. To get rid of this constraint, a resource-centric power control mechanism on top of the existing one could be considered.  For example, gNB could configure an eMBB UE in which time/frequency resource it would transmit with reduced power. gNB could determine the time/frequency resource with reduced power based on which time/frequency could potentially being used by URLLC UE.  Without any other instruction from gNB, eMBB UE could autonomously determine whether to reduce its transmission power based on comparison between the configured time/frequency resource with reduced power and time/frequency resource scheduled for its transmission. Outside the time/frequency resource configured as reduced power, UE could use its regular power to perform transmission, so as to avoid always starvation. Similar concept could be adopted for URLLC UE to adjust whether to use boosted power or regular power depending on time/frequency resource indicated by gNB.
Proposal 2: A time/frequency resource centric mechanism to allow UE to decide whether to reduce/boost its power or not is considered in the following study. No new signal for power reduction/boosting is required for UL inter UE Tx multiplexing.

4. Conclusion

In this contribution, we discuss our view on UL inter UE Tx multiplexing and have the following proposals:

Proposal 1: RAN1 further studies at least the following options for UL inter UE Tx multiplexing:

· Option 1: eMBB UE cancels UL transmission when an indication is detected
· 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.
· Other options are not precluded

Observation 1: To support UL inter UE Tx multiplexing, Rel-15 power control mechanism could not avoid the following side effect:

· Power starvation for eMBB UE
· Power overshooting for URLLC UE (at least for grant-free UE)
Proposal 2: A time/frequency resource centric mechanism to allow UE to decide whether to reduce/boost its power or not is considered in the following study. No new signal for power reduction/boosting is required for UL inter UE Tx multiplexing.
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