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[bookmark: _Ref497831218]Introduction
A new SI on URLLC enhancements for Rel-16 was approved at RAN #80 [1] with the core objectives being,
· Establishing the baseline performance achievable with Release 15 URLLC 
· PHY enhancements for improved reliability/latency
· 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)

Both intra- and inter-UE UL TX prioritization/multiplexing were actively discussed during Rel-15 standardization. Partly due to the time crunch to complete basic NR features and, more importantly, diverging views on the applicable use cases and benefits, it was concluded at the RAN1 #92bis meeting that there was no consensus to support mechanisms for inter-UE UL multiplexing of transmission with different reliability requirements.
The Rel-16 URLLC SI allows for a more thorough investigation of inter-UE TX prioritization/multiplexing. In this contribution we address use cases, deployment scenarios and possible limitations of the Rel-15 specification. Finally, we describe potential areas of investigation for the SI. In a companion contribution [2] we discuss more general aspects of URLLC enhancements for Rel-16. 
Discussion
Use cases for inter-UE UL multiplexing
A first step in our view is to identify the important use cases for inter-UE multiplexing in the near term. The SID lists the following use cases identified by companies that participated in a RAN email discussion:
· Release 15 enabled use case improvements
· Such as AR/VR (Entertainment industry)
· New Release 16 use cases with higher requirements
· Factory automation
· Transport Industry
· Electrical Power Distribution

As mentioned in [2], the typical factory automation use cases such as motion control do not require interaction with a PLMN. It is even questionable whether remote driving for V2X would be deployed in a cell, or on a frequency layer of a cell, with other non-critical traffic. Furthermore, URLLC data traffic has more stringent requirements on latency and reliability compared to non-URLLC traffic regardless of whether it is small control packets or larger video packets. Therefore, for these use cases, UL multiplexing of UEs with different reliability requirements does not really apply as all the data is critical to some extent. On the other hand electrical power distribution and AR/VR may require interaction with a PLMN given the deployment scenario (wide area for electric power transmission/distribution and wearable devices for AR/VR). 
Observation: Inter-UE UL multiplexing of traffic with different reliability requirements may not be applicable to factory automation but may have some value for electric power and AR/VR use cases.
For cells containing UEs with URLLC and non-URLLC traffic the problem under consideration is when a first UE has been scheduled for PUSCH transmission prior to arrival of a scheduling request from a second UE with higher priority data. In addition, the first UE may be transmitting on a scheduled or a configured UL resource.
There are three possible mechanisms by which a network may schedule a new UL request without delay:
1. MU pairing: the network may schedule the second UE on part of the resources assigned to the first UE if it is possible to match the DMRS symbols. This is same as UL MU-MIMO and no specification is needed.
2.  UL power control: this scheme was proposed during the Rel-15 discussion and aims to boost the UL power of a URLLC user compared to a non-URLLC user. It assumes that there is sufficient headroom for the URLLC user, which may not be the case for e.g. an electric power transmission/distribution system operating in a macro deployment scenario. More importantly, it is doubtful that the reliability metric provided in [1] would be met for what is essentially a multi-user transmission with UL power control as the sole interference mitigation technique.
3. UL interruption indication: this mechanism received the most attention during the Rel-15 discussion and is the preferred mechanism for further investigation in this SI.

Consider the FDD UL interruption indication scenario in Figure 1, where a first UE is scheduled for PUSCH transmission in slot n+1, while a second UE requests UL resources for URLLC traffic at, or soon after, the scheduling DCI is sent to the first UE. In this example we adopt UE PUSCH timing capability 2 in 38.214 for both the UE and gNB processing time for simplicity. The first UE is configured to monitor PDCCH once per slot while the second UE is configured to monitor 3 times per slot with the same CORESET duration of 2 symbols. The SR periodicity is set to the minimum of 2 symbols. 
[image: ]
[bookmark: _Ref521325630]Figure 1 Interruption of a first PUSCH by a second scheduled PUSCH
 The gNB may schedule the second PUSCH within the resources assigned for the first PUSCH and to avoid mutual interference, the gNB at the same time indicates to the first UE to halt (interrupt) PUSCH transmission in slot n+1 of Figure 1.
As shown in Figure 1, even for such a best case scenario, the SR has to arrive and be processed before a certain PDCCH monitoring occasion beyond which an interruption indication is practically meaningless. A more important observation is that since both scheduling PDCCH and interruption PDCCH have to be sent to the second and first (interrupted) UE respectively, it implies that a UE that would normally be configured for PDCCH monitoring according to its latency requirements (e.g. slot-level monitoring) is now configured to more frequently monitor for an interruption indication.

Observation: to enable dynamic UL interruption indication at a non-URLLC UE, the UE must be capable of mini-slot-based PDCCH monitoring (Case 2). 

There are two possible mechanisms to indicate UL interruption:
1. Option 1: The gNB sends a second PDCCH to the first UE indicating a change to the previous UL grant for the same HARQ process. The second PDCCH indicates a new scheduling timing for the transmission. The UE interprets this as an indication to cancel the first transmission. One benefit of this mechanism is when an interruption happens early enough that a retransmission would anyway be needed for this TB. However, it imposes a burden on PDCCH capacity which may already be strained by having to support URLLC users requiring high aggregation level and non-URLLC users.  
2. Option 2: a group-common UL interruption DCI is used to indicate UL interruption over an UL BWP. This option reduces the DL control signaling overhead as a single PDCCH provides interruption indication over an entire BWP for a group of UE, similarly to DCI format 2_1. Note that for K interrupted UEs in a slot, up to K additional PDCCHs still need to be transmitted to schedule corresponding K retransmissions. However, the re-scheduling does not have to be in the same PDCCH monitoring occasion as for Option1 but can distributed over the next few PDCCH monitoring occasions, which gives some flexibility to the scheduler. 

In summary, Figure 1 presents a best case scenario where UL interruption indication mitigates scheduling delays for a URLLC UE when UL resources are scheduled on a “first-in first-served” scheduling policy. The system level benefits need to be investigated taking into account PDCCH monitoring, number of and types of UEs, traffic arrival distribution and realistic PUCCH, PDCCH and PUSCH durations.
Proposal: investigate the system-level performance benefits of UL interruption indication taking into account realistic assumptions on PDCCH monitoring, number of and types of UEs, traffic arrival distribution and realistic PUCCH, PDCCH and PUSCH durations. 
Conclusion
This contribution provided a preliminary discussion on use cases and possible solutions for inter-UE UL multiplexing. The observations and proposals are: 
Observations:
· Inter-UE UL multiplexing of traffic with different reliability requirements may not be applicable to factory automation but may have some value for electric power and AR/VR use cases.
· To enable dynamic UL interruption indication at a non-URLLC UE, the UE must be capable of mini-slot-based PDCCH monitoring (Case 2). 
[bookmark: _GoBack]Proposal: investigate the system-level performance benefits of UL interruption indication taking into account realistic assumptions on PDCCH monitoring, number of and types of UEs, traffic arrival distribution and realistic PUCCH, PDCCH and PUSCH durations. 
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