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Introduction
In TSG-RAN#80 plenary meeting, the scope of new SID on physical layer enhancements for NR URLLC was defined for release 16 (R16) [1]. The key use cases were identified, e.g. augmented reality and virtual reality (AR/VR) for entertainment industry, factory automation, transport industry and electrical power distribution. The R16 requirements for URLLC are higher than those of R15, such as: 
· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
One of the objectives in the SID is to investigate uplink inter-UE transmission prioritization and multiplexing.
URLLC traffic could be periodic and/or sporadic. The occurrence of periodic URLLC data is predictable. Using dedicated wide-band resources to support periodic URLLC traffic is an efficient manner. What is more difficult is how to efficiently meet the stringent requirements for the sporadic URLLC traffic which usually is unpredictable in its occurrence. Reserving wide-band resources in each millisecond to facilitate the potential transmission of sporadic URLLC traffic would cause a considerable waste. Therefore, at least for sporadic URLLC traffic, multiplexing of eMBB and URLLC needs to be considered.
In this contribution, we provide our views on the UL inter-UE Tx prioritization and multiplexing, focusing on multiplexing of eMBB and URLLC grant based or grant free transmission.
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Inter-UE eMBB and URLLC UL multiplexing in shared resources can be achieved by different ways, such as Option 1) Allow overlapping between eMBB and URLLC transmissions with power control, and Option 2) Stop eMBB transmission when URLLC transmission occurs in overlapping resources. As expected, Option 2) would require signaling to the eMBB UEs to stop an ongoing transmission so that collision with URLLC traffic can be avoided. Whereas in case of Option 1) some collisions are expected. Below, we discuss these options in more details.
Power control mechanism 


In case of coexistence of grant-based eMBB and grant-based URLLC transmissions, when URLLC and eMBB packets are scheduled on the same time and/or frequency resource, the URLLC which is typically scheduled later than eMBB can apply a relatively high power. Therefore, it should be possible to dynamically indicate different sets of power control parameters. One possible solution could be that a DCI signaling indicates parameter set {P0 and alpha}. Another way is to use the TPC command field to adjust closed loop power control parameters. The values range of the current TPC table in [2] is not capable to trace the change of BLER requirements of eMBB and URLLC transmissions dynamically and to compensate the change of required transmission power efficiently. Thus, enlarging the range of accumulated and absolute denoted by TPC command is a solution. This can be done by modifying the entries or extending the TPC command with more bits. In Table 1 below, examples are given for modified accumulated and absolute.
Table 1 	Modified Mapping of TPC command field
	TCP command field
	
accumulated [dB]
	
absolute  [dB]

	0
	-2
	-7

	1
	0
	-2

	2
	2
	2

	3
	5
	7



For the power control scheme, the gNB will still receive the transmission of eMBB. URLLC may affect a part of the eMBB transmission, but it is still possible for the gNB to decode the eMBB TB correctly without re-transmission. 
A different approach to deal with UL multiplexing of URLLC and eMBB would be trying to implement the power control mechanism in the eMBB UE. The concept of uplink preemption indication falls into this category. Upon detection of UL PI, the eMBB UE stops it’s transmission entirely and needs to be rescheduled. This would affect the system efficiency negatively compared to the prior discussed case where the URLLC power is changed and eMBB reception is still possible.  
UL PI mechanism 
The basic idea of UL PI is to stop an eMBB transmission which has already been scheduled when there is an incoming URLLC traffic scheduled on the same resources.  A typical scenario is that gNB first receives SR 1 from an eMBB UE and then transmits UL Grant 1 to schedule an eMBB PUSCH. After transmitting the UL Grant 1 (also before the transmission of eMBB PUSCH), the gNB receives a new SR 2 from a URLLC UE which requires an urgent uplink transmission. Then, the gNB can transmit a new UL Grant 2 to the URLLC UE, and can schedule a PUSCH which overlaps with the previously scheduled eMBB PUSCH. Meanwhile, an UL PI will be transmitted to the eMBB UE to cancel or to interrupt the previously scheduled PUSCH.
Although the UL PI seems to be appealing in the sense that it can eliminate the UL interference from eMBB UEs and protect URLLC transmission in some scenarios, this method is not a generic approach which applies well in all scenarios. The following aspects need to be carefully considered for the UL PI.
1) The UL pre-emption indication does not work when URLLC traffic is based on UL GF transmission. Indeed grant free resources are scheduled for URLLC transmission, but URLLC transmission is bursty and aperiodic. It is possible that there is no transmissions on many of the configured grant free time-frequency resources. This would cause the decrease of system efficiency significantly. Hence, eMBB transmission can be scheduled on grant free resources. Since it is not possible for the gNB to know in advance whether there will be any URLLC traffic, it cannot decide when to send UL PI to eMBB UE to stop traffic to avoid collision with URLLC grant free transmission. 
2) For a UE capable of TDD, the eMBB UE will not be able to transmit and listen to the downlink at the same time. Therefore, UL pre-emption indication does not work properly for these UEs. When UL pre-emption indication scheme is used for UL multiplexing of eMBB and URLLC grant-based transmission, it is a kind of downlink signaling from gNB to UE for canceling or interrupting the scheduled eMBB PUSCH. It has to be transmitted on downlink symbol. If there are uplink symbols during the transmission occasion, the signaling has to be delayed until the feasible transmission occasion of downlink symbols. Since the time budget for UL PI is stringent to stop the transmission of eMBB, and the UL PI receiving and processing time should also be counted before it takes effect, the delay would cause that when the UE is ready to stop the current eMBB transmission as indicated, URLLC transmission has already begun.
3) It must be guaranteed that the eMBB really receives the UL PI, otherwise the eMBB UE will continue to transmit. If URLLC traffic is then scheduled on the same resources and the eMBB transmissionis not shut-off, it cannot be guaranteed that the URLLC is decoded correctly. The impact of eMBB misdetection has to be carefully investigated.
4) In a cell it can happen that legacy eMBB UEs that do not support UL PI are mixed with UEs that support UL PI. The benefit for the URLLC UEs is questionable if not all eMBBs UEs support UL PI.
5) In Release 15, the UE complexity for CCE channel estimation was a major concern. UL PI would be required to be monitored frequently. The UE complexity would increase significantly due to UL PI monitoring.       
Observation 1: The benefits of UL PI are questionable.
· How to guarantee that the eMBB detects UL PI can shuts-off the transmission so that URLLC can be received reliably?
· UL PI is not a unified solution, it does not work together with UL GF transmisison
· If there is a mix of eMBB UEs in cell, where some support UL PI and some other don’t, then it is questionable how much can be gained
· UE complexity for eMBB UE will increase significantly due to frequent UL PI monitoring
Proposal: UL PI should not be supported in R16.
Inter-UE multiplexing of eMBB grant-based and URLLC grant-free transmission
The grant free resources are configured by the gNB to satisfy the performance requirement of URLLC. However, the GF URLLC transmission can be aperiodic and sporadic, so it is possible to have no transmission on the grant free resource for a long period of time, reducing the system efficiency. Therefore, gNB may schedule a part of the eMBB transmission on grant free resources to improve the system efficiency, which may result in potential collision between eMBB and URLLC, and degrade the URLLC transmission reliability. 
In this case, uplink pre-emption indication scheme cannot work. Since it is not possible for the gNB to know in advance whether there will be any URLLC traffic, hence it is impossible to stop the eMBB traffic. One possible solution is that grant free URLLC UE is configured with two sets of transmission power control parameters, corresponding to scenarios with and without eMBB collision, respectively. Thus, a mechanism to inform the grant free URLLC UE of the collision is needed. When gNB schedules grant based eMBB transmission on the configured resource for grant free UE, there is potential collision between eMBB transmission and grant free URLLC transmission. When sporadic URLLC transmission arrives, the scheduling information of eMBB is known, and an indication sending to grant free URLLC UE about this is necessary.  As shown in Fig2.

[image: ]
Figure 2 Power control method for Grant Free case

Another option could be that gNB sends a signaling to grant free UEs to indicate transmission power control parameter set directly. When the potential collision would happen, namely, eMBB traffic is scheduled on grant free resource,  gNB informs grant free UEs of power control parameter set, such as, open-loop {P0, } or closed-loop power control parameter accumulated and/or absolute to adjust transmission power of URLLC . If the grant free UE does not receive the signaling, it transmits data with default power control parameter. The function can be realized by DCI format 2_2 currently. 
Instead of adjusting the power control parameter of grant free URLLC transmission, decreasing the power of grant based eMBB transmission is a choice. Since eMBB UE is not aware of the transmission of URLLC on grant free resources, when scheduled to transmit on grant free resource, an eMBB transmission is with relatively lower power to guarantee the reliability of potential grant free URLLC transmission. However, it is possible that there is no URLLC transmissions on the grant free resource when eMBB UEs have data on it, which would decrease the efficiency of eMBB transmission in vain significantly. gNB scheduling the eMBB transmission on grant free resource is to improve the efficiency of it, but the scheme gets the opposite effect. Therefore, adjusting the power of GB eMBB transmission is not a good choice.
Conclusion
In this contribution, we provide our views on the design of the UL multiplexing of eMBB and URLLC. We have the following observation and proposals:
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· How to guarantee that the eMBB detects UL PI can shuts-off the transmission so that URLLC can be received reliably?
· UL PI is not a unified solution, it does not work together with UL GF transmisison
· If there is a mix of eMBB UEs in cell, where some support UL PI and some other don’t, then it is questionable how much can be gained
· UE complexity for eMBB’s will increase significantly due to frequent UL PI monitoring

[bookmark: _GoBack]Proposal: UL PI should not be supported in R16.
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