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1. Introduction

During RAN1#94bis meeting, more details on power control for UL inter UE Tx multiplexing was discussed and the following was agreed [1]:
Agreements:

· Potential UL power control enhancements are to be studied further:

· Enhanced dynamic power boost for URLLC UE

· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured

· Enhanced TPC, e.g. increased TPC range, finer granularity

· Currently, the need of URLLC UE power change during one transmission instance is not envisioned

· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects

· Feasibility of boosting UE power in power limited or interference limited scenarios

· Physical channel/signal used for the signalling 

· UE Processing timeline for the signalling

· UE monitoring behaviours for the signalling

· UE PDCCH monitoring capability, if the signalling is by PDCCH

· Methods to ensure the reliability of the signalling

· Type of gNB receiver should be reported

In this contribution, we discuss our view on UL power control enhancements required. This document is a revision of R1-1811087.
2. Discussion 
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: 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: 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.

3. Conclusion

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

Observation: 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: 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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