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1 Introduction

In RAN # 83 [1], the following objectives were agreed in WID for inter-UE multiplexing:

· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]

· UL cancelation scheme 
· Enhanced UL power control scheme 
Different options of UL cancelation schemes and enhanced power control schemes are captured in TR 38.824 [2], sections 7.2.1 and 7.2.2 respectively. 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 [3], 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 complexity for monitoring and processing timeline of interruption indication: Different from DL, the UL cancelation indication (CI) monitoring time scale should be typically much lower than a slot for small SCS (15, 30 kHz) and be comparable to a slot for large SCS (60, 120 kHz). Moreover, the indication should be processed with small latency and passed to both baseband and RF chains for interruption. It may also depend on DCI format configuration,. It needs further study on the feasible minimum application times for such processing of interruption or cancelation indication for UEs with different capabilities. Whether all or certain UEs can support sufficiently short application times, and how they compare against the N2 values (per Capability #1 or #2) they support needs careful studies. Furthermore, it would be desirable to not require increased monitoring minimum requirements on PDCCH monitoring for monitoring of UL CI. It needs further discussion how increased monitoring activity is triggered. 
· PDCCH or sequence-based PI transmission: It needs careful consideration how and whether sequence based transmission can be efficient for PI transmission. For example, UE specific sequence transmission may be quite inefficient depending on how many eMBB UEs are impacted and associated resource overhead, and whether sequence transmission can be efficiently multiplexed with other existing Rel-15 channels/signals. If group-common information is sent in a sequence with one bit of information (such as drop transmission), it may adversely affect a lot of eMBB transmission which might not have been impacted. Further, such an approach implies fixed time-frequency relationship between location of detected sequence and the pre-empted resources that would be too restrictive. Hence, more accurate pre-emption information (i.e., more bits) needs to be signalled for system efficiency and protecting eMBB throughput. On the other hand, it is well understood that sequence detection performance degrades when UE has to try many sequences due to increased payload mapped to a sequence. In view of these facts, we believe sequence-based PI transmission is not a favourable solution and certainly from specification perspective, introduction of a new channel is not well motivated for this scenario. PDCCH offers a more versatile solution, naturally suited for increased payload transmission and multiplexing with existing Rel-15 signals/channels. 

· UE specific or group-specific PDCCH signalling: RAN1 considered several UL cancelation schemes during eURLLC SI, such as
· group-common DCI format, similar to format 2_1

· a common time-frequency region is indicated to a group of UEs

· UL specific DCI format

· Rescheduling DCI using UL grant

      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. 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. Moreover, 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.  Instead of receiving the 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. It may be also possible that in some cases, rescheduling DCI only cancels the transmission and not provide any rescheduling assignment.
· 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 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 would be 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: Different UE behaviors and their associated complexities should be considered further. For example, whether, following detection of interruption indication, UE drops the remaining portion of transmission or only a part of it. 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, dropping the impacted transmission without resuming should be the baseline behavior.
· Specification impact: 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.
Proposal 1 
· UL Cancellation indication is transmitted in a PDCCH.
· Focus on cancelation of DG PUSCH over other UL channels.
· UE drops all of remaining transmission of the impacted PUSCH.
· A rescheduling DCI as example of UE-specific DCI format is used to convey UL CI.

· 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 is transmitted in a PDCCH.
· Focus on cancelation of DG PUSCH over other UL channels.
· UE drops all of remaining transmission of the impacted PUSCH.

· A rescheduling DCI as example of UE-specific DCI format is used to convey UL CI.

· 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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