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At RAN#83 plenary meeting, the new WID Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) was approved. The objective of this work item is to specify enhancements to URLLC, considering both FR1 and FR2 as well as TDD and FDD. For inter-UE Tx prioritization/multiplexing, the following details has been agreed:[1]
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
In this contribution, we give our views focusing on UL cancelation and enhanced UL power control.
Discussion
Applicable scenarios 
The inter-UE Tx prioritization/multiplexing problem involves the scenario where a gNB schedules a PUSCH with lower priority(e.g. non-URLLC) for a first UE and after the scheduling PDCCH is sent, either the gNB schedules another PUSCH with higher priority(e.g. URLLC) for a second UE or the second UE autonomously transmits on a configured UL resources, where in either case the later grant-based or grant-free PUSCH overlaps with the earlier scheduled PUSCH for the first UE. 
If we assume the non-URLLC PUSCH is grant-based there are two applicable scenarios for URLLC and non-URLLC inter-UE multiplexing:
Case 1: Grant-based non-URLLC PUSCH and grant-based URLLC PUSCH
Case 2: Grant-based non-URLLC PUSCH and grant-free URLLC PUSCH 
For case 1, an example scenario for UL cancelation mechanism based on PDCCH is shown in Figure 1 for paired spectrum, 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 PDCCH is sent to the first UE. The gNB may schedule the second PUSCH within the resources assigned to the first PUSCH and to avoid mutual interference, the gNB at the same time indicates to the first UE to cancel/suspend its PUSCH transmission in slot n+1 of Figure 1. 
For case2, the URLLC UE autonomously transmits on a configured UL resource which may be overlapped with an on-going non-URLLC PUSCH. Therefore, UL interruption is only feasible if the gNB receives an intention to transmit from the URLLC UE. An example is for configured K PUSCH repetitions, where the scheduled PUSCH overlaps with PUSCH transmission and by receiving configured PUSCH repetition  the gNB can send an UL interruption to the dynamically scheduled UE. In contrast an enhanced power control solution, if shown to be feasible, can work for grant free URLLC case.
Observation: UL interruption signaling mechanism is mainly applicable to the scenario wherein UL grants are available for both non-URLLC PUSCH and URLLC PUSCH. For the multiplexing between grant-free URLLC PUSCH and grant-based non-URLLC PUSCH, the enhanced power control solution is more worthy of consideration. 
[image: ]
Figure 1 Interruption of a first PUSCH by a second scheduled PUSCH
 UL cancelation scheme
Scheduling and processing timeline
In the example shown in Figure 1 we adopt UE PUSCH timing capability 1 and PUSCH timing capability 2 in 38.214 for UE1 and UE2 (URLLC UE) respectively for 30KHz SCS. The gNB processing time is assumed to be same as PUSCH timing capability 2. The first UE is configured to monitor PDCCH once per slot for UL grants, while the second UE is configured to monitor 4 times per slot with the same CORESET duration of 1 symbol. The SR periodicity is set to the minimum of 2 symbols and is transmitted on 2-symbol PUCCH Format 0. As shown in Figure 1, the processing time for an UL INT cannot be larger than the URLLC UE PUSCH preparation time. This means that any improvement in URLLC PUSCH processing capabilities to reduce latency must also be matched by a corresponding reduction in UL INT processing time for a non-URLLC UE. 
Observation: a non-URLLC UE configured to monitor for UL INT indication must be able to process the UL INT channel (or signal) at least as fast as the PUSCH preparation time for the URLLC UE.
A second issue is that the UL INT indication should also consider the UE transient time for turning off the TX power if the non-URLLC UE has already started transmission or is within the ramp-up time for PUSCH transmission. Therefore, the total time margin before the URLLC UE starts transmitting is provisioned at the non-URLLC UE to include: 

Observation: for an ongoing PUSCH transmission by a first UE, the total processing time between the first UE receiving an UL INT indication and the start of the PUSCH transmission at a second UE should include the power ramp down time at the first UE.
As analyzed above, the non-URLLC UE should have an advanced capability to process the cancelation indication even it should be less than URLLC UE’s processing time N2. Some enhancement could make non-URLLC UE to benefit reducing processing time. UE cancels the remaining data part then UE only needs decode less bits for reaction, such as only inform the start cancelation position, or aggressively one bit information to let UE know whether to do cancelation, if ‘YES’ and UE has already received a UL grant, then it cancel the PUSCH as fast as it can.
The DCI-based indication 
There are two possible PDCCH based mechanisms to indicate UL interruption:
1. UE-specific signaling: It will cause large overhead if use a UE-specific indication to inform the cancelation resource. More likely, the gNB may transmit a second PDCCH to a non-URLLC UE indicating new PUSCH timing and/or resource allocation to a previously scheduled TB on a HARQ process. The UE interprets this as an indication to cancel the first transmission. One possible solution is to reschedule the non-URLLC PUSCH with same HARQ process ID and UE could deduce it should cancel the PUSCH scheduled by first UL grant. Assuming that PDCCH overhead is not an issue this scheme has the least specification impact as no new DCI format is needed. 
2. GC-PDCCH: This option alleviates the DL control signaling burden for indication of cancelation resource position since a single PDCCH provides UL interruption indication for the BWP similarly to DCI format 2_1. However, note that for L interrupted UEs in a slot, up to L additional PDCCHs need to be transmitted to schedule corresponding L retransmissions. Therefore, the overhead in terms of PDCCH candidates is not reduced compared to the UE-specific mechanism.
Observation: Additional PDCCH for retransmission is necessary for non-URLLC UE after it cancels PUSCH, regardless of the indication is based on group-common or UE-specific. 
Proposal: UL interruption can be achieved by re-scheduling the non-URLLC PUSCH transmission.
Sequence-based indication
The sequence-based indication similar to NR PUCCH format 0 design is proposed as its simple structure and better detection performance. However, the drawback of sequence based scheme is that it cannot carry many information bits since it uses cyclic shift. To ensure better performance the cyclic shifts spacing should not be too small.  Hence it is impossible to carry more accurate cancellation indication due to the small capacity of sequence based design. Another concern is the detection performance may degrade significantly for the cell edge UE because of the interference from neighbor cell. Furthermore, the higher false alarm ratio may also deteriorate the eMBB performance.
Observation: The sequence-based indication may be not sufficient for UL interruption considering the limited capacity, sensitivity to interference, higher false alarm ratio, etc. . 
[bookmark: _GoBack]Reliability of interruption indication
A major concern with UL interruption indication is that it has to be detected with very high reliability because if it is missed the URLLC UE becomes a victim to interference from the non-URLLC UE. A remedy is to set a lower target BLER for the UL interruption indication, possibly on the same order as the URLLC target PDCCH BLER. This increases the blocking probability as both a scheduling assignment and an interruption indication are transmitted using high AL. When use a re-scheduled UL grant to trigger the cancelation, the reliability of the re-scheduled UL grant should also reach a high level.
Observation: UL interruption indication should be transmitted with high reliability to avoid interference from an ongoing non-URLLC PUSCH because of miss detection. 
As a simple example consider the case of a 1-symbol CORESET with 96 RBs and on average AL8 PDCCH candidates are used to schedule URLLC UEs. To enable UL cancellation, a PDCCH containing UL interruption should also be scheduled at the same time. Therefore, since the PDCCH capacity supports two AL candidates, one PDCCH can schedule a DL assignment or UL grant while the other may be used to indicate a potential UL interruption. There is therefore a tradeoff between PDCCH overhead (increased BW or additional symbols) for providing interruption indication versus system spectral efficiency or PDCCH blocking when additional URLLC users need to be scheduled. 
Proposal: For further study of DCI-based UL interruption indication, consider methods to reduce PDCCH overhead through efficient scheduling of DL assignments/UL grants and UL interruption indication.

Enhanced UL power control
Enhanced power control seeks to dynamically boost the TX power for a URLLC UE to promote reliable PUSCH reception in the presence of a non-URLLC (e.g. eMBB) transmission. The open loop TX power for 1 PRB for UE k is given by,

Consider that  is set such that the target received power is the same for all UEs. Then assuming sufficient headroom for a URLLC UE, the gNB may dynamically adjust the received power for URLLC PUSCH relative to the non-URLLC PUSCH. Note that the URLLC UE still experiences intra-cell interference from the non-URLLC UE and if additional HARQ transmissions are required to ensure reliability, the additional latency may negate whatever trunking gains are observed by multiplexing different UEs on the same physical resources. Moreover, such dynamic power boosting also increases inter-cell interference which in the end would result in lower system performance. As agreed in [2] the power control set  can be dynamically indicated by DCI without using SRI in contrast to the Rel-15 specification. This implies either a new URLLC DCI format or a re-purposing of an existing field in DCI 0_0 or 0_1. Since the power control solution is not applicable to power limited UEs, it is also necessary to understand the performance degradation for UEs that cannot dynamically boost power for a given PUSCH transmission. 
Observation: Enhanced power control with configuring open-loop parameters could be considered and the impact on system performance should be further evaluated.
Conclusion
This contribution investigated the potential benefits and drawbacks of inter-UE multiplexing mechanisms. We have the following observations:
Observation: UL interruption signaling mechanism is mainly applicable to the scenario wherein UL grants are available for both non-URLLC PUSCH and URLLC PUSCH. For the multiplexing between grant-free URLLC PUSCH and grant-based non-URLLC PUSCH, the enhanced power control solution is more worthy of consideration. 
Observation: a non-URLLC UE configured to monitor for UL INT indication must be able to process the UL INT channel (or signal) at least as fast as the PUSCH preparation time for the URLLC UE.
Observation: for an ongoing PUSCH transmission by a first UE, the total processing time between the first UE receiving an UL INT indication and the start of the PUSCH transmission at a second UE should include the power ramp down time at the first UE.
Observation: Additional PDCCH for retransmission is necessary for non-URLLC UE after it cancels PUSCH, regardless of the indication is based on group-common or UE-specific. 
Observation: The sequence-based indication may be not sufficient for UL interruption considering the limited capacity, sensitivity to interference, higher false alarm ratio, etc. . 
Observation: UL interruption indication should be transmitted with high reliability to avoid interference from an ongoing non-URLLC PUSCH because of miss detection. 
Observation: Enhanced power control with configuring open-loop parameters could be considered and the impact on system performance should be further evaluated.
In addition we propose that 
Proposal: UL interruption can be achieved by re-scheduling the non-URLLC PUSCH transmission.
Proposal: For further study of DCI-based UL interruption indication, consider methods to reduce PDCCH overhead through efficient scheduling of DL assignments/UL grants and UL interruption indication.
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