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1 Introduction
[bookmark: _Hlk505938201]In RAN Plenary #78, the scope for URLLC work in Rel-15 was endorsed in [1] and the following was agreed to be included:
· Study and specify if gains are identified
· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 
In the previous RAN1 meetings, the following agreements have been reached towards handling UL multiplexing of transmission of URLLC and eMBB:
RAN1 #92 Agreements:
· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)
· [bookmark: _Hlk510359657]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
RAN1 #92bis:
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 this contribution, the handling of UL multiplexing of transmission with different reliability requirement is further discussed, considering cases of multiplexing within the same UE and between different UEs.
2 Intra-UE multiplexing of UL transmissions of eMBB and URLLC
[bookmark: _Hlk513731359]As discussed in R1-1804106 [2], for users with both URLLC and eMBB service, intra-UE multiplexing of URLLC and eMBB will certainly occur when a user has an on-going eMBB UL transmission, meanwhile a URLLC UL transmission arrives in its buffer. From the perspective of UE, it would certainly know the priority of data to be transmitted, therefore, we propose that UE is responsible for the collision handling issue either for grant-based URLLC transmission or grant-free URLLC transmission. For gNB, it would try to decode both URLLC data and eMBB data on the corresponding resources, hence there is no ambiguous problem between gNB and UE.
Proposal 1: UE decides which one is transmitted when multiple UL transmissions with different traffic priority collide and are not allowed simultaneously. Traffic priority could be taken into account by UE to make the decision.
3 Inter-UE multiplexing of UL transmissions of eMBB and URLLC
[bookmark: OLE_LINK1]In RAN1 #92 meeting, it is agreed to study the candidate solutions for inter-UE eMBB and URLLC multiplexing in shared resources: 1) Option 1: eMBB UE cancels UL transmission when an indication is detected; 2) UL power control. Taking both latency requirement and resource utilization efficiency into consideration, we suppose it is beneficial to support inter-UE UL multiplexing of transmission with different reliability requirements. As discussed in [2], it is proposed to support semi-static power control for UL URLLC and UL eMBB transmissions as the first step. According simulation results in [3], it is observed that 5% SINR is in range of -2.39dB~-2.14dB in typical UMa scenario, and the required SINR of MCS#0 with 10-5 target BLER is -3.8dB. Assuming that eMBB UL with -6dB semi-static power reduction is multiplexed, 5% SINR will decrease from (-2.39dB~-2.14dB) to (-2.97dB~-2.76dB), and there is no significant loss on URLLC and 5% SINR could also be covered by MCS#0 in URLLC MCS table. Furthermore, considering multiplexed eMBB UL power is semi-statically reduced, eMBB performance is worse than pre-emption or dynamic power reduction. However, comparing with case that there is no eMBB multiplexing, semi-static power control will achieve a better performance on eMBB UL. 

Semi-static power control means that when eMBB & URLLC UL can be scheduled in the shared resources, eMBB UL transmitting power is lower than URLLC UL. Considering that the amount of power adjusted by close-loop power control may not be enough to guarantee the demodulation accuracy of URLLC, so we suppose that different sets of power control parameters {P0, alpha} need to be configured by RRC signaling and UE can select one parameter set to adjust its power based on the UE traffic priority or received DCI:

[bookmark: _Hlk513731389]Case 1: different sets of power control parameters {P0, alpha} are configured by RRC signaling and there exists mapping relationship between power control parameter sets and resources. As shown in Figure.1, the whole resource is divided into three parts, one for eMBB only, one for URLLC only and one is shared between eMBB and URLLC. For example, a configured grant-free resource could be regarded as eMBB/URLLC shared resource. For a UE with eMBB data only, it can be configured with two sets of power control parameters, {P01-alpha1} corresponding to resource part for eMBB only and {P02-alpha2} corresponding to resource part for eMBB and URLLC sharing. When gNB scheduling eMBB data on the resource part for eMBB only, eMBB UE will use {P01-alpha1} for power adjustment and if eMBB data is scheduled on shared resource of eMBB and URLLC, {P02-alpha2} will be applied. It is also the case for URLLC UE and two open loop parameter sets are configured to it, i.e. {P01-alpha1} corresponding to resource part for URLLC only and {P03-alpha3} corresponding to resource part for eMBB and URLLC sharing. 


Figure.1: power control parameter set configuration
Case 2: If a user has URLLC and eMBB service concurrently, only one power control parameter set corresponding to one part of resource would not be enough. Therefore, different sets of power control parameters {P0 and alpha} are configured by RRC signaling and UE select one parameter set according to UE traffic priority or received DCI. As illustrates in figure.2, for a UE with both URLLC and eMBB service, it can be configured with three sets of power control parameters, {P01-alpha1} corresponding to resource part for eMBB only and URLLC only. When it comes to URLLC and eMBB shared resource, two parameter sets {P02-alpha2} and {P03-alpha3} corresponding to different traffic type can be configured for eMBB and URLLC respectively to enable to boost power of URLLC traffic and/or decrease power of eMBB traffic.
From the perspective of UE, it would certainly know the priority of data to be transmitted, so it is reasonable for the UE to select one suitable parameter set based on the assigned resource and priority of data. Alternatively, gNB can be responsible for the selection of parameter set via DCI to achieve more flexibility. 


Figure.2: power control parameter set configuration

[bookmark: _GoBack]Proposal 2: Multiple sets of power control parameters {p0,alpha} associated to different resource and/or different traffic type should be configured by RRC signaling and UE can select one set of parameters according to assigned resource, the traffic priority or DCI. 
4 Conclusions
In this contribution, we discussed the handling of UL multiplexing of transmission with different reliability requirement and the following proposals are made:
Proposal 1: UE decides which one is transmitted when multiple UL transmissions with different traffic priority collide and are not allowed simultaneously. Traffic priority could be taken into account by UE to make the decision.
Proposal 2: Multiple sets of power control parameters {p0,alpha} associated to different resource and/or different traffic type should be configured by RRC signaling and UE can select one set of parameters according to assigned resource, the traffic priority or DCI.
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