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1. Introduction
In RAN1#86 meetings, following agreements were made regarding eMBB/URLLC multiplexing for UL transmission [1]:
	Agreements:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded
Agreements:
· Time interval between SR resources configured for a UE can be smaller than a slot


In this contribution, we provide our views on multiplexing between eMBB and URLLC for uplink. Especially, we focus on how to dynamically share resources between eMBB UL channels and URLLC UL channels. 

2. Discussion
In case of UL transmission, based on network scheduling/configuration, we consider it needs to support semi-static resource sharing between URLLC and eMBB in FDM and/or TDM manner. When semi-static configuration is used, the semi-static resource can include resources for grant-free transmission and SR transmission. For grant-free transmission, to achieve low latency, it seems necessary that grant-free transmission would also occur in mini-slot granularity instead of assuming slot-level only. Also, as agreed, SR resource should be also frequent which could be done in mini-slot granularity. In this sense, when semi-static resource sharing is used, some resources in mini-slot granularity can be reserved from eMBB uplink transmission perspective. 
Proposal 1: Mini-slot granularity semi-static resource sharing between URLLC UL and eMBB transmissions are supported. 
The issue with semi-static resource sharing is the efficiency particularly when URLLC traffic is not frequent however the resource cannot be reclaimed for eMBB to support low latency and ultra reliability of potential URLLC transmission. Given challenging URLLC requirements, it could be very inefficient to assume “semi-statically” reserved resource for URLLC transmissions. This would also impact the downlink performance in case unpaired spectrum. Due to semi-statically reserved URLLC resource, the network may not utilize many slots for downlink transmissions. Some dynamic resource sharing of such resources should be further considered. Unlike DL transmission, since transmission nodes of eMBB and URLLC can be different, dynamics sharing between eMBB and URLLC can cause collision problem, which can results in performance degradation of both eMBB and URLLC data. To mitigate this problem, it can be considered to introduce resource-stealing approach and simultaneous reception of URLLC and eMBB with side information. For resource stealing, both can be considered (1) eMBB transmission may steal resources reserved for URLLC which can be done by reconfiguration or indicating the slot or resource as downlink dynamically (2) URLLC may steal resources allocated for eMBB transmission. 

2.1. Resource-stealing on-going transmission of eMBB UL channel
In this approach, eMBB UE can stop transmitting on-going eMBB UL channel when the UE recognizes that eMBB UL transmission is overlapped with URLLC UL transmission. To do this, it may need to be considered that eMBB UE tries to detect URLLC UL grant with provision of side information for candidates of UL grant to be detected. However, eMBB and URLLC use different numerology and/or aggregation level, its feasibility needs to be carefully investigated. Furthermore, it is necessary to consider how to handle hidden-node problem. Also, halting on eMBB transmission due to grant-free transmission seems not easily feasible. Alternatively, gNB can transmit halting signal to eMBB UEs. If any signaling is considered, different from downlink, indication for uplink should occur before resource stealing. As URLLC traffic may occur any time and can be scheduled in any time in mini-slot granularity, this implies that an eMBB UE may have to monitor possible signaling in every mini-slot. Not only this incur huge overhead for signal monitoring, but also may not be feasible particularly in unpaired spectrum. Thus, if any indication is considered, this should be done at the scheduling granularity of eMBB transmission. 
Proposal 2: To allow resource stealing of URLLC transmission, indication signaling at scheduling granularity of eMBB transmission can be considered.
2.2. Simultaneous transmission of eMBB and URLLC UL channels
Another approach is to adjust power of eMBB and URLLC UL channels for simultaneous reception with reasonable reliability. Considering QAM modulation, it would be better to preserve UL transmit power of on-going eMBB UL channel to be constant. In case, gNB can adjust UL transmit power of URLLC UL channel to support reliable reception at gNB side. For instance, depending on the eMBB UE condition (e.g. UL transmit power and UL channel link), eMBB UL signal will be superimposed on URLLC UL signal, or URLLC UL signal can be superimposed on eMBB UL signal. gNB will try to detect UL channel with relatively high received power, and then the other UL channel will be detected after cancellation of the first UL channel. Considering latency requirements of URLLC, it would not be preferred that URLLC UL signal is superimposed on eMBB UL signal. 
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Since gNB knows the form of eMBB and URLLC UL channels to be detected, gNB could detect both eMBB and URLLC UL channel when their power ratio is set to be reasonable value. Basically, power control of eMBB and URLLC UL channel can be done by using high layer signalled power offset. For further adjustment, in case of grant-based UL transmission for URLLC signal, gNB can dynamically control its received power by adjusting DCI contents (e.g. TPC). However, if grant-free UL transmission is used, gNB may not control its UL transmit power dynamically. Alternatively, it can be considered to use UE-group-specific DCI to indicate TPC for grant-free UL transmission. Also, some indication of potential resource collision status can be indicated for grant-free transmission UEs. In case load is low, it is likely that grant-free resource can be reserved, and thus grant-free resource quality is clean. In case load is relatively higher, the resource quality can be indicated as congested such that when a UE performs grant-free, it may increase its power or adjust its MCS for better reliability. 

2.3. MU-MIMO for eMBB and URLLC UE
Dynamic resource sharing between eMBB and URLLC can be supported by using MU-MIMO operation. In case, eMBB UL channel and URLLC UL channel will be multiplexed in spatial domain by using the properties of uncorrelated wireless channel coefficients between different UEs. In this case, it would be important to protect DMRS for each UL channel. Considering eMBB and URLLC multiplexing, DMRS of URLLC data could be overlapped with eMBB data part. Therefore, it is necessary to investigate how to design DMRS of URLLC data transmission to for reliable detection even if it collides with eMBB transmission. 

3. Conclusion
In this contribution, we discuss multiplexing of eMBB and URLLC for uplink. Our proposals are as follows:
Proposal 1: Mini-slot granularity semi-static resource sharing between URLLC UL and eMBB transmissions are supported. 
Proposal 2: To allow resource stealing of URLLC transmission, indication signaling at scheduling granularity of eMBB transmission can be considered.
Proposal 3: If simultaneous reception of eMBB and URLLC UL channels is supported, it can be supported that URLLC UL signal is transmitted with sufficiently higher power compared to eMBB UL.
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