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1 Introduction

In RAN1 # 96bis [1], the following were agreed in WID for inter-UE multiplexing:

Working assumption:

· PDCCH is used for UL cancelation indication 

· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 

Agreements:

· Upon detecting an UL cancelation indication, at least stop without resuming is supported

· FFS whether and how to support stop with resume 

Agreements:

· Further discuss which UL transmissions that can potentially be cancelled by the UL cancelation indication, including

· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS

· Semi-persistent UL transmissions, including PUSCH, PUCCH, SRS

· Periodic UL transmissions, including configured grant PUSCH, PUCCH, SRS

· PRACH

Agreements:

· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 

· For group common DCI (different from Rel-15 SFI)

· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies

· For UE specific-DCI

· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.   

Conclusion:

· Further discuss the following power control enhancements

· Increased TPC range

· FFS details, e.g. supported value range, number of TPC bits, accumulated and/or absolute TPC, configurability of the TPC tables, applicability to SRS/PUCCH. 

· Indication of open-loop parameter sets based on scheduling DCI without using SRI 

· Indication of open-loop parameter sets based on GC-PDCCH

In this contribution, we present our views on suitable UL cancelation schemes and enhanced power control schemes.
2 Discussion on UL cancellation schemes

When transmission duration of a first traffic is much longer than a second traffic which is more urgent than first traffic and both may be assigned resources in a common bandwidth part or in a carrier, network can transmit an indication to the UE receiving first traffic so that it can cancel transmission in the overlapping area. 

In [2], we observed that at least from eMBB perspective, added benefit of UL cancelation with respect to R15 existing mechanisms is questionable. We have observed that in both InH and UMa scenario, dynamic scheduling with same scheduling granularity for eMBB and URLLC may result in higher eMBB throughput than UL cancelation scheme. URLLC performance is the same with dynamic scheduling and UL cancelation. Hence, in our view an UL cancelation scheme can be adopted that has minimal specification impact.
2.1 Features of UL cancelation schemes

Few salient features related to the operation of UL cancellation/interruption/continuation indication are discussed below
· UE specific or group-specific PDCCH signalling: RAN1 listed the following UL cancelation schemes 
· Group-common (GC) DCI format

· E.g., a common time-frequency region is indicated to a group of UEs

· UL specific DCI format

· Rescheduling DCI using UL grant

· Instead of receiving the cancelation indication in a potentially different DCI, the UE may receive a subsequent UL grant for the same HARQ process that was scheduled by the original UL grant and UE may follow the resource allocation indicated by the new grant and drop/cancel the transmission scheduled by the original grant. This approach basically ‘shifts’ the PUSCH resource allocation, e.g., to different time-frequency region, or alternatively updates the UL grant with a new resource allocation. The subsequent grant is performing both the operation of cancellation of transmission and scheduling a transmission.
      In our view, UE specific DCI format in an UL grant, such as rescheduling DCI is preferred over GC-DCI for the following reasons:
1. Unlike DL, UL transmission may not typically occupy a large BW due to power limitation, and a large number of eMBB UEs may not be impacted by a single URLLC transmission. Hence, the signalling overhead benefit for the GC DCI option over rescheduling DCI would be much less than DL PI case.
2. Due to 3+1 DCI format size budget, the GC DCI format size would have to match either one of the scheduling DCI formats, such as fallback DCI or the largest size of DCI format associated with a non C-RNTI. Hence, although payload of GC DCI can be low in some occasion, overhead benefits may not be practically realized due to maintaining DCI size budget issue.
3. Moreover, due to the need for frequent monitoring, there is a chance some UEs getting false indication to cancel transmission if group-common signalling is used. This can be mitigated by increasing time-frequency granularity, however this would increase payload. Furthermore, actual GC DCI design details maybe different from DL PI, such as GC DCI for UL CI may need to indicate the start position of the time-frequency region, which may considerably increase payload. Furthermore, if cross-carrier UL CI is indicated in a GC DCI, it would increase payload further.
4. UEs receiving cancelation indication by GC DCI would very likely receive a rescheduling grant later on so that the dropped TB can be retransmitted. On the contrary, UE specific signaling may be considered so that only impacted UEs are signalled. The rescheduling DCI can be used which could cancel and reschedule the transmission via one DCI, thereby reducing signalling overhead.  Note that, it may be also possible that in some cases, rescheduling DCI only cancels the transmission and not provide any rescheduling assignment. Overall, even if rescheduling DCI occupies more REs than GC DCI, the total overhead of GC DCI + retransmission grant of the impacted UEs would be definitely larger than rescheduling DCIs signalled to the impacted UEs.
5. GC DCI format would require much more specification impact, necessitating a new DCI format construction, and it is not clear whether similar design as DCI format 2_1 can be directly applied here. On the other hand, rescheduling DCI require minimal specification impact as existing DCI format can be used without requiring insertion of any new fields.

6. It was also argued that rescheduling DCI would require AL = 8 or 16 to meet the 1e-5 or higher reliability requirement of UL cancelation indication. However, if we observe the AL distribution, only in very few occasions AL = 8 or 16 is used, cf. Table 1. Moreover, it should be noted that UL cancelation indication is a viable solution when pre-emption events are rare. If pre-emption events are more frequent, the resource dimensioning based on appropriate reservation of resources for URLLC traffic in order to prevent eMBB throughput degradation would be a more efficient scheduling approach. For example, if pre-emption events happen every 10 slots on average, then the likelihood of AL = 16 to be used for the cancelation DCI in a slot (when containing 40 bits, cf. Table 1) is 0.0043 x 0.1 = 0.00043, which is quite insignificant. 
Table 1. AL distribution corresponding to target PDCCH BLER of 1E-5 (2os CORESET) [3] 
	Probability
	AL1
	AL2
	AL4
	AL8
	AL16
	Average number of CCE

	DCI size = 40
	57.73%   
	32.33%    
	8.48%   
	0.87%    
	0.43%
	1.7015


· Use of UL CI for interrupting UL channels, such as PUSCH, PUCCH, SRS, PRACH. Cancelation indication was mainly assumed for the cases of dynamic grant based scheduling when gNB schedules both eMBB and URLLC services and may generate the appropriate UL CI when the need for URLLC traffic is identified. UE may monitor for UL CI only if the UE has PUSCH scheduled, i.e., UE may monitor CI subsequent to receiving a grant. This may significantly reduce UE power consumption if increased monitoring activity is avoided when not needed and if cancelation does not happen frequently. The motivation for other UL channels such as GF PUSCH, PUCCH, SRS, PRACH to be considered within the scope of UL cancelation scheme is not clear. It is expected that network would configure resources for GF PUSCH so that urgent and low latency critical traffic can be transmitted promptly, at least for initial GF PUSCH. Furthermore, as UE may not know whether it may have data available or not at next GF transmit occasion, UE would always have to be monitoring very frequently for the CI. If UL CI can be used for different kinds of UL channels other than data, it would increase the UE complexity and power consumption significantly, and UE may need to monitor quite frequently, almost always with mini-slot level periodicity. Network may control overlap of data/control of URLLC transmission with PUCCH, SRS, PRACH of eMBB UEs by implementation and avoid dynamic resource sharing by indication for such purpose. Most importantly, it should be noted that the main use of UL CI is in efficient multiplexing of different traffic types in terms of system spectral efficiency and user capacity. In this regard, the benefits from UL CI, when applied to physical channels other than DG PUSCH are questionable.
· Monitoring UL CI in a PDCCH: Depending on UE capability, monitoring occasions and periodicity of such indication may be controlled (e.g., with UE specific signalling), by defining the UE behaviour for the UE to monitor the cancellation indication following detection of UL grant, to limit the adverse impact on UE power consumption. Further, such enhanced monitoring can also help with more flexible scheduling of the UEs with appropriate choice of DCI formats. Specifically, for the rescheduling DCI-based cancelation indication scheme, the UE would perform monitoring in additional MOs and candidates for what would essentially be scheduling DCI formats (DCI formats 0_0/0_1), and thus, such additional opportunities can be used by the gNB for potential PUSCH scheduling itself. Such benefits may not exist for GC PDCCH-based solution since it would likely need configuration of overlapping search space sets even if the DCI format size is aligned to scheduling DCI formats (this is since the UE does not monitor for DCI formats with C-RNTI, etc. in Type 3 PDCCH CSS). 

· Dropping part or all of remaining transmission: In RAN1 96bis, stopping an UL transmission without resuming was agreed. In some cases, if the TB is large and only a small portion of it overlaps with an assignment of URLLC traffic, UE may then just drop the impacted portion and one or more CBGs of the TB may still be received correctly. However, such an approach may incur significant complexity to UE implementation and thus, needs a commensurate level of motivation to be considered further. In our view, stopping with resuming should not be considered in Rel 16 further.
Proposal 1 
· UL Cancellation indication (CI) is transmitted in a UE specific DCI
· Focus on cancelation of DG PUSCH over other UL channels.
· The UE specific DCI is an UL grant that can cancel a previously scheduled transmission or both cancel and reschedule a previously scheduled transmission.
· Any additional monitoring of PDCCH for UL CI, if configured, is triggered by reception of an UL grant.
· FFS: Details of monitoring configurations for PDCCH carrying UL CI.
3 Discussion on enhanced power control schemes
RAN1 agreed to specify power boosting mechanisms for URLLC UEs. One application conceived so far to protect UL URLLC from eMBB is to use higher transmission power for UL URLLC transmission by configuring different power control parameters. Obviously, such operation is subject to potential power limitation. 

The following power control schemes were captured in TR 38.824 for considerations
· Indication of the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI, or based on group-common DCI indication.
· Increased TPC range compared to Rel-15 
During the SI, companies evaluated enhanced power control schemes with increased TPC range and observe some gains. Hence, in our view, increased TPC range can be specified for power boosting of URLLC UEs. Field for TPC command may still have two bits in scheduling DCI or group common DCI, and at least for URLLC UEs, network may configure a wider TPC range (with coarser granularity) by higher layer signalling as increasing DCI payload for URLLC scheduling to serve this purpose is not justified.
We propose to deprioritize dynamic indication of power control parameter set based on DCI, as this was not evaluated or justified enough based on use cases during SI and also would require more specification efforts.  

Proposal 2

· Increased TPC range may be configured to the UE without increasing DCI payload.
4 Conclusions

In this contribution, we presented our views on support of efficient inter-UE multiplexing considering URLLC use cases. Based on the presented discussion, we have the following proposals:
Proposal 1 
· UL Cancellation indication (CI) is transmitted in a UE specific DCI
· Focus on cancelation of DG PUSCH over other UL channels.

· The UE specific DCI is an UL grant that can cancel a previously scheduled transmission or both cancel and reschedule a previously scheduled transmission
· Any additional monitoring of PDCCH for UL CI, if configured, is triggered by reception of an UL grant.
· FFS: Details of monitoring configurations for PDCCH carrying UL CI.
Proposal 2

· Increased TPC range may be configured to the UE without increasing DCI payload.
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