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1. Introduction
At the RAN1#86 meeting, the following agreements related to URLLC and eMBB multiplexing were approved:

· 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

Based on the above contents, the method of multiplexing eMBB and URLLC is discussed with respect to the aspects of resource use efficiency in this contribution.
2. Discussion
2.1. URLLC traffic feature
According to the use cases denoted in [3], the main requirement of URLLC is to achieve high reliable and low latency communications. TR 38.913 gives a most stringent latency requirement for URLLC of 0.5ms for both UL and DL. The target of general URLLC reliability is 1-10-5 within 1ms and targeted user experience data rate X bytes (e.g. 20 bytes). In [3], some usage scenarios and traffic types of URLLC are discussed in consideration of different latency and reliability requirements. Therefore, it is recognized that URLLC needs to be flexibly designed to achieve distinct services including different traffic rates and latency requirements.  
NR is proposed to support a flexible frame structure, scalable numerology considering different types of UE services, eMBB, mMTC and URLLC [1]. 
Two approaches were proposed previously for efficient support of URLLC and eMBB in a NR carrier as shown in the following figures.




Fig.1 static resource partitioning                                                          Fig.2 dynamic multiplexing
As can be seen in Fig.1, static reservation of spectrum resources for URLLC services may be inefficient since the URLLC data may not exist so frequently. When there is no URLLC data, the static reserved spectrum resource will be wasted. Hence, considering the uncertainty of URLLC traffic, multiplexing of eMBB and URLLC in the same carrier is interesting as an example shown in Fig. 2. 
Efficient support of URLLC and eMBB may imply different transmission parameters like TTI duration and subcarrier spacing which are to be multiplexed in the same spectrum. URLLC UE can use the same subcarrier spacing with eMBB or larger subcarrier spacing. URLLC UE should use shorter TTI duration to satisfy low latency while eMBB UE uses the normal TTI. Besides of the frame structure and numerology aspects, there is a problem how to efficiently use spectrum resources for eMBB and URLLC services if the frame structure and numerology are designed to support the multiplexing. 
Proposal 1: RAN1 needs to study the necessary method for supporting eMBB and URLLC multiplexing considering spectrum resource use efficiency.
2.2. Multiplexing between eMBB and URLLC 

As mentioned above, dynamic multiplexing of eMBB and URLLC in the same carrier is attractive. URLLC is recognized with higher priority than eMBB because it provides mission critical communications based services, such as e-health, autonomous vehicles. 
To satisfy low latency and high reliability performance of URLLC, URLLC should consider high priority to use the resource and avoid performance degradation on URLLC due to eMBB multiplexing. Thus, it is feasible to use the preemption method in which URLLC is scheduled to use the resource already assigned for eMBB, i.e., puncture eMBB transmission. That means the resource already assigned for eMBB is preempted and used by URLLC because of its higher priority.
Proposal 2: For satisfying the high priority of URLLC data, the preemption method is supported in which URLLC is scheduled to use the resource already assigned for eMBB.
2.3. Preemption method
For preemption method (puncturing method), some frequency region within eMBB frequency region can be tentatively reserved for possible URLLC traffic, such as the yellow region as shown in Fig. 3. When URLLC traffic actually arrives, the resource already occupied by eMBB within the tentatively reserved region will be preempted and scheduled to transmit URLLC traffic.
Furthermore, the preemption method for multiplexing eMBB and URLLC needs to be carefully designed concerning interference and resource use efficiency problems.

· Interference. Supporting URLLC uses the resource already assigned to eMBB, it may result in interference in the case that eMBB UE cannot realize the transmission of URLLC data for its already assigned resource without extra notification or scheduling information.

To avoid interference or collision of eMBB UE and URLLC UE use the same resource, it is required to include preemption indicator channel to let eMBB UE realize the transmission of URLLC data. After that, eMBB UE and URLLC UE will not use the same resource to avoid interference. As shown in Fig. 3, blue block denotes the preemption indicator channel.


                                                                                                                  Preemption indicator 
Fig.3 Preemption of eMBB data for URLLC
Proposal 3: To support the preemption method, a preemption indicator signaling is required to let the eMBB UE know the existence of URLLC allocation.
3. Conclusion
In this contribution we mainly discuss the multiplexing method for eMBB and URLLC in a NR carrier. The following proposals are given:
Proposal 1: RAN1 needs to study the necessary method for supporting eMBB and URLLC multiplexing considering spectrum resource use efficiency.

Proposal 2: For satisfying the high priority of the URLLC data, the preemption method is supported in which URLLC is scheduled to use the resource already assigned for eMBB.

Proposal 3: To support the preemption method, a preemption indicator signaling is required to let the eMBB UE know the existence of URLLC allocation.
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