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Discussion and decision
1 Introduction
In RAN#80, a SI on enhanced URLLC was approved and includes the following [1]. 
	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)


This contribution considers feasibility aspects for uplink inter UE multiplexing and prioritization. 
2 
Discussions 
In Rel-15 NR, it was extensively considered whether or not to support uplink inter-UE multiplexing for services having different requirements such as latency and reliability. One motivation to support inter-UE multiplexing based on uplink pre-emption indication is to improve URLLC UE performance in terms of latency and/or reliability. However, similar to downlink pre-emption (or interruption) indication introduced in Rel-15 NR, interruption of eMBB transmissions inherently degrade  eMBB service. Unlike downlink pre-emption indication that is a post indication (that is, the gNB transmits the indication after a “downlink pre-emption event”), uplink pre-emption indication needs to be transmitted before an uplink “pre-emption event”. A downlink pre-emption event is controlled solely by the gNB as the gNB can dynamically adapt scheduling. However, an uplink pre-emption event needs to be controlled both by the gNB and by the UEs for proper operation. For stopping uplink transmissions from eMBB UEs, a gNB can, for example, inform the eMBB UEs of the event as the eMBB UEs do not know an existence of URLLC data transmissions from other UEs. Moreover, downlink pre-emption does not affect reception reliability of URLLC data but affects reception reliability of eMBB data if a corresponding UE misses the downlink pre-emption indication, while uplink pre-emption degrades reception reliability of both eMBB data and URLLC data if corresponding eMBB UEs miss the indication. 
Observation 1: DL pre-emption event always degrades only eMBB-type services. 

Observation 2: UL pre-emption event can degrade both URLLC service and eMBB service.

Using dynamic power control scheme to support uplink inter UE multiplexing, an eMBB UE can decrease transmission power on pre-allocated uplink resources after receiving a corresponding dynamic power control indication in order to reduce interference at the gNB for reception of data from URLLC UEs on some overlapping resources. This can reduce an impact on eMBB performance. However, it needs further study whether or not URLLC requirements on reliability of 10-6 can be achieved by adjusting power control of overlapping eMBB transmissions. Also, transmission power variations introduce phase discontinuity and unreliable reception for eMBB data. 

[image: image1]
Fig. 1: UL inter UE multiplexing via pre-emption or power control related indication method
Figure 1 shows a basic operation for uplink inter UE multiplexing. At t1 time, gNB schedules UL eMBB data transmitted at t4 for eMBB UE, and then gNB determines UL URLLC traffic arrival between t1 and t2, for example by receiving a scheduling request from URLLC UE. If there is no sufficient resource for the URLLC transmission to satisfy latency and reliability requirements, the gNB can transmit UL multiplexing indication for stopping (or cancelling) eMBB UL transmissions or for controlling transmission power to eMBB UEs at t2 and also an UL grant to URLLC UE at t3. A timing for transmitting UL multiplexing indication and a timing for transmitting UL URLLC grant can be same or different even though the UL grant timing for URLLC is later than the UL multiplexing indication timing in Figure 1. Timings for UL multiplexing indication and UL URLLC grant mainly depend on monitoring period and proper processing time. Generally, processing time for URLLC traffic can be faster than for eMBB traffic. For example, eMBB UEs can support processing time capability#1, while URLLC capable UEs can support processing time capability#2. Also, a PDCCH candidate monitoring period for scheduling URLLC traffic can be shorter than for scheduling eMBB traffic if eMBB UEs do not monitor PDCCH for UL multiplexing indication. In the following, feasibility aspects are considered. 
· Processing time for eMBB UE to cancel transmission or to reduce transmission power may increase URLLC scheduling delay. A companion contribution [2] shows that grant-based PUSCH cannot satisfy target latency requirement of 0.5 ms for Rel-16 eURLLC and does not consider impact on delay due to uplink multiplexing indication. If such additional delay occurs, latency for grant-based PUSCH increases. 
· If eMBB UEs have similar capability as URLLC UEs in terms of monitoring period and processing time, a gNB can dynamically schedule eMBB traffic as for URLLC traffic. Although this increases control overhead for eMBB traffic, it also ensures performance of URLLC traffic and avoids control overhead (that can be significant due to low target BLER) for uplink pre-emption indication or uplink dynamic power control indication.
· UL multiplexing indication should be ultra-reliable. As mentioned before, to avoid degradation in URLLC performance, a potential UL multiplexing indication should have BLER of 10-5 ~ 10-6 depending on URLLC use cases. 
· For grant-free PUSCH transmissions for URLLC, the gNB cannot know the URLLC transmissions. If the gNB always assumes that URLLC traffic happens on configured grant-free uplink resources, the gNB does not need to transmit uplink multiplexing indication to eMBB UEs
Observation 3: Possible support for UL multiplexing indication should consider all feasibilities such as processing time, reliability (or overhead), and eMBB UE capabilities. 
Observation 4: It is better to preclude grant-free transmission for eMBB or URLLC for uplink inter UE multiplexing. 
Proposal: Study feasibility and whether or not uplink inter UE multiplexing via explicit indication has gain over dynamic UL resource allocation. 
3 Conclusions
This contribution considered uplink inter UE multiplexing for services having different reliability and latency requirements. The following observations and proposal are made. 
Observation 1: DL pre-emption event always degrades only eMBB-type services. 

Observation 2: UL pre-emption event can degrade both URLLC service and eMBB service.

Observation 3: Possible support for UL multiplexing indication should consider all feasibilities such as processing time, reliability (or overhead), and eMBB UE capabilities. 

Observation 4: It is better to preclude grant-free transmission for eMBB or URLLC for uplink inter UE multiplexing. 
Proposal: Study feasibility and whether or not uplink inter UE multiplexing via explicit indication has gain over dynamic UL resource allocation. 
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