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Introduction
Dynamic multiplexing between eMBB and URLLC transmissions can not only improve the system resource utilization but also greatly increase the cell capacity of URLLC. The multiplexing between eMBB and URLLC on the downlink has been a hot topic in RAN1 meetings, and some agreements was reached.
In this contribution, we summarize some solutionsto dynamic multiplexing between eMBB and URLLC transmissions on the uplink.
Discussion
Grant-free and grant-based URLLC transmissions on the uplink are supported in NR. For grant-free URLLC, UE can start its transmission whenever the URLLC packet arrives, and the gNB has to take some measures to detect the transmission because of the lack of UL transmission information. While for grant-based URLLC, UE sends scheduling request to gNB for newly arrived packet, and the gNB responds by sending UL grant to the UE. In a word, the gNB knows when and where the UE will start its URLLC transmission for grant-based case, while the gNB knows nothing about the UE transmission for grant-free case.
For the URLLC and eMBB multiplexing on the uplink we can separate between two cases: eMBB and URLLC traffic are from the same UE, or eMBB and URLLC traffic are from different UEs. Obviously, for same-UE multiplexing, UE knows the information about URLLC UL transmission and can reserve some transmission resource for URLLC in advance. But for different-UE multiplexing, the problem is that eMBB UE doesn’t know what URLLC UE is planning or doing, how to indicate eMBB UE about the preemption information should be addressed.
Considering URLLC grant based and grant free transmission, and the eMBB UEs have to monitor the indication signalling at any time, it is more complex of UL multiplexing than DL multiplexing. Take grant-free/grant-based and same/different UE into account, the multiplexing between eMBB and URLLC on the uplink should be divided into four scenarios:
· eMBB and grant-based URLLC multiplexing for the same UE
· eMBB and grant-free URLLC multiplexing for the same UE
· eMBB and grant-based URLLC multiplexing for different UEs
· eMBB and grant-free URLLC multiplexing for different UEs
Grant based transmission at the same UE
[bookmark: _Hlk503375899]Since the transmission is grant based, UE can transmit data with DCI indication, but it is necessary for the PDCCH to differentiate eMBB data and URLLC data. In this scenario,the UE has eMBB data and URLLC data. The UE received a UL grant for slot based eMBB data transmission first, and it later receives a UL grant for a mini-slot based URLLC transmission that overlapping in time on the same carrier.In this case, the UE should switch the transmission from eMBB to URLLC just by following the latest grant and cancel the corresponding eMBB data.
Grant free transmission at the same UE
Once the grant free resource pool is overlapped with eMBB resource, the multiplexing of URLLC and eMBB at the same UE occurred, one simple method is the UE directly transmit grant free URLLC data, and carry a switching indicator to inform gNB current transmission is URLLC service, the problem of this method is for gNB how to detect the indicator.
In this scenario, the UE has eMBB data and URLLC data. The resource pool for grant-free URLLC is overlapped with eMBB transmission resource. The UE first received a UL grant for slot based eMBB data, and URLLC data arrives during the eMBB transmission. To meet the latency requirement of URLLC, the UE may stop its eMBB transmission and start URLLC transmission. The problem is how to differentiate the two kinds of traffic at gNB side.One possible solution is to define different features for different traffics, such as different constellation mapping method or different interleaver.
Another method is to define different feature of URLLC and eMBB, such as different constellation mapping scheme or different constellation scheme for different service of URLLC and eMBB, which doesn't need switching indicator to differentiate different service type.
Grant based transmission at different UEs
In this scenario, eMBB data and URLLC data are from different UEs. eMBB UE first received UL grant, and later URLLC UE received another UL grant that overlapping in time on the same carrier with eMBB UE. There are two ways to achieve the multiplexing for different UEs, including dynamic multiplexing and simultaneous transmission.
Dynamic multiplexing
For dynamic multiplexing, eMBB UE will puncture the data on the resources that URLLC UE is scheduled, so how to indicate the preempted resource to eMBB UE is a problem. One possible solution is that gNB sends preemption indication to eMBB UE with the UL grant for URLLC UE, which requires eMBB UE monitors the preemption indication by mini-slot granularity. By this way flexible multiplexing and sufficient resource utilization are achieved, but large signaling overhead and frequent DL/UL switching problems are inevitable, it is necessary for eMBB UE to monitor DCI signalling frequently to check whether there is any URLLC service, the advantage is flexible and good resource efficiency, but because the scheduling granularity is small, the eMBB UEs has to frequently monitor DCI signaling. 
Simultaneous transmission
Another method is simultaneous transmission, There are a few ways for gNB to differentiate the two trafficson the overlapped resources, one method is the gNB has to differentiate the two services by SIC receiver, the other method is different power control adopting to different service, e.g. larger transmission power for URLLC service. This method introduce larger specification and implementation complexity. 
Grant free transmission at different UEs
[bookmark: _Hlk503381324]In this scenario, eMBB data and URLLC data are from different UEs. The resource pool for grant-free URLLC is overlapped with eMBB transmission resource. eMBB UE first received a UL grant, and later URLLC data arrives during the eMBB transmission. Obviously, URLLC UE will starts transmission on the resource pool, how to reduce or avoid the interference from each other should be handled. There are two ways to achieve the multiplexing for different UEs, including semi-static resource sharing and dynamic multiplexing.
semi static reserved resource
gNB semi statically allocate different resource pool for URLLC and eMBB, gNB semi-statically allocates different resource pools, such as grant-free URLLC dedicated resource pool, grant-free URLLC and eMBB shared resource pool, and eMBB dedicated resource pool.and in shared resource pool,NB needs to detect whether there is a URLLC transmission on the grant-free URLLC dedicated resource pool to determine the amount of URLLC data before deciding whether to schedule the eMBB on the shared resource pool. Besides, the eMBB UE transmitting in the shared resource pool need to minimize its power to mitigate the impact on the URLLC data.This method has little impact on the specification, but limits the resource utilization flexibility.
Dynamic multiplexing
For dynamic multiplexing, eMBB UE will puncture the data on the resources that URLLC UE is scheduled, so how to indicate the preempted resource to eMBB UE is a problem. Since the gNB has little information about when and where the URLLC UE will transmit for grant-free URLLC, gNB indication cannot be used to indicate the eMBB about the preemption. Therefore, one solution is that URLLC UE sends URLLC announcement to eMBB UE before it starts transmission, which requires eMBB UE monitors the announcement frequently and a new channel need to be introduced to send the announcement. By this way flexible multiplexing and sufficient resource utilization are achieved, but large signalling overhead and frequent DL/UL switching problems are inevitable. Besides, the specification and implementation complexity are high.

Conclusion
In this contribution, we summarize some solutionsto dynamic multiplexing between eMBB and URLLC transmissions on the uplink. We have the following observation：
Observation 1: For the case that eMBB and grant-based URLLC multiplexing for the same UE, UE follows the latest grant for URLLC , and little specification impact.
Observation 2: For the case that eMBB and grant-free URLLC multiplexing for the same UE, how to differentiate different traffics at gNB side need to be addressed.
Observation 3: For the case that eMBB and grant-based URLLC multiplexing for different UEs, dynamic multiplexing and simultaneous transmission could be considered.
Observation 4: For the case that eMBB and grant-free URLLC multiplexing for different UEs, semi-static resource sharing, dynamic multiplexing could be considered.
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