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1. Introduction

In RAN1#92, multiplexing of UL eMBB and URLLC was discussed and two options were proposed to study:

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 this contribution, we provide our view on the details of option 2, i.e. UL power control to support resource sharing between UL eMBB and URLLC in Rel-15.
2. Discussion 

How to signal the URLLC transmission power boosting?
To minimize the impact on UL URLLC transmission resulting from a coexisting UL eMBB transmission, it is expected that URLLC UE needs to boost its transmission power. In the following we separate the signaling details to facilitate this aspect into grant-based URLLC and grant-free URLLC:
For grant-based URLLC, given that there is an associated UL grant for the URLLC transmission, current power control framework in general provides quite sufficient tools to boost URLLC power via open-loop parameters and closed-loop power control command. To realize the existing power control mechanisms suffice or not, a first question to answer is power boosting is applied all the time or only applied when multiplexing between URLLC UE and eMBB UE occurs.  If the power boosting is applied all the time, currently there are a set of open loop power control parameter, 
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 which can be selected by DCI, e.g. via SRI field. gNB could configure higher values for these  parameter to fulfil power boosting purpose, and closed loop power control parameter can serves as a supplement method when gNB see a need to further adjust the power dynamically. However, it is foreseen that this direction would induce large power consumption to URLLC UE as well as higher interference to other cells because the power boosting is applied irrespective of whether  power boosting is required or not, i.e. irrespective of  UL URLLC is multiplexed with eMBB or not. On the other hand, if power control is only applied when multiplexing between URLLC UE and eMBB UE occurs, given the resource sharing is in a dynamic fashion, power boosting has to be applied in a dynamic fashion. If that is the case, relying on open-loop power control parameters is not feasible and closed loop power control commands needs to take care of power boosting and removal of power boosting. Currently step size of the close loop power control command is the same as LTE, ranging from -1 dB to +3 dB. RAN1 needs to further discuss whether this step size is sufficient or not. On the other hand, currently there are two power control loop, it is also possible to operate transmission with power boosting with one close loop and to operate transmission without power boosting with the other close loop, which reduces the need of introducing larger step size. However, given this release only has two close loops, if this feature uses up the two close loop, other feature such as UL beams or grant based VS grant free does not have additional close loop to use any more. Therefore another way of modifying existing power control mechanism is to consider introduce additional power control loop.
For grant-free case, as open loop power control parameters can be configured specifically for grant-free transmission, if the power boosting is applied all the time, similar conclusion as grant-based transmission can be achieved. On the other hand, if power boosting is applied in a dynamic fashion, relying on TPC on uplink grant is not possible as there is no associated uplink grant for grant-free transmission. It is possible to used group TPC command to serve this purpose. Also, currently it is unclear how to associate the group TPC command for PUSCH to close loop power control. When finalizing this association issue, possibility to use group TPC command for PUSCH for grant free power boosting and removal of power bosting could be considered.
Observation 1: It is observed that whether existing power control mechanisms satisfy power boosting for URLLC would depend on applicability of the power boosting.
Proposal 1: Before signaling details, RAN1 should firstly discuss applicability of power boosting, e.g. power boosting is applied all the time or only applied when multiplexing between URLLC UE and eMBB UE occurs.
Proposal 2: If power boosting is only applied when multiplexing between URLLC UE and eMBB UE occurs, power boosting is signalled by closed loop TPC command, the following could be considered further:
1. Step size of TPC
2. Number of close loop

3. Using group  TPC command for PUSCH to boost/de-boost  power of grant-free transmission 

How to signal the eMBB transmission power reduction after UL grant?
    Though option 1 and option are not mutually exclusive to each other, the most merit of option 2 is to relax the burden of monitoring preemption indication by an eMBB UE. Therefore, it is expected that power reduction for eMBB UE is under a less dynamic fashion. On the other hand, it is preferred not to set eMBB power low all the time which is harmful for eMBB throughput. One of the key aspects to make the power control mechanism more efficient is to ensure the power reduction is applied when conflict between eMBB and URLLC could happen. For example, if an eMBB UE knows where the conflict could happen, eMBB UE reduces transmission power only in those resource conflict could happen. eMBB UE doesn’t reduce the UL transmission power in resource(s) where conflict would not happen.  This ensures eMBB UE transmission power is not always unsatisfactory. Some resources can be easily identify as potential colliding resource with URLLC, for example, resources configured/activated for grant free transmission. Even for grant based URLLC transmission, it is also possible to preconfigure or inform eMBB UE some regions which are likely to be taken by URLLC, as long as the region(s) could fulfill requirements of potential UL URLLC transmission(s). 
Observation 2: eMBB UE could reduce its power in a less dynamic fashion.
Proposal 3: eMBB UE is informed resource(s) with potential conflict with URLLC services and power reduction is applied on the informed resource.
Proposal 4: RAN1 further discuss which signal is used to inform eMBB UE.

3. Conclusion

In this contribution, we discuss details of UL power control to support resource sharing between UL eMBB and URLLC and have the following observations and proposals:

Observation 1: It is observed that whether existing power control mechanisms satisfy power boosting for URLLC would depend on applicability of the power boosting.
Proposal 1: Before signaling details, RAN1 should firstly discuss applicability of power boosting, e.g. power boosting is applied all the time or only applied when multiplexing between URLLC UE and eMBB UE occurs.
Proposal 2: If power boosting is only applied when multiplexing between URLLC UE and eMBB UE occurs, power boosting is signalled by closed loop TPC command, the following could be considered further:

1. Step size of TPC

2. Number of close loop

3. Using group  TPC command for PUSCH to boost/de-boost  power of grant-free transmission 

Observation 2: eMBB UE could reduce its power in a less dynamic fashion.

Proposal 3: eMBB UE is informed resource(s) with potential conflict with URLLC services and power reduction is applied on the informed resource.

Proposal 4: RAN1 further discuss which signal is used to inform eMBB UE.
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