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1 Introduction
[bookmark: _Hlk534972253]In RAN#83 plenary meeting, the WID on physical layer enhancements for NR URLLC was approved [1]. Regarding inter UE Tx prioritization/multiplexing, the following scope is defined. 
· 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)  
Similarly, as in Rel-15 DL eMBB/URLLC multiplexing, reserving UL time-frequency resources to facilitate the potential UL transmission of sporadic URLLC traffic would reduce network resource efficiency. Thus, UL inter-UE multiplexing with dynamic indication (referred to as UL cancelation indication) will be a key solution for multiplexing UL transmissions with various latency and reliability requirements. Regarding UL cancelation scheme, the following agreements are made in the RAN1#96bis meeting [3] and RAN1#97 meeting [4].
	[bookmark: _Toc4526271]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.  
Agreements:
· Support at least group common DCI for cancelation indication
· FFS whether or not to additionally support UE-specific DCI for cancelation indication


In this contribution we provide our views on the UL cancelation scheme.

2 UE-specific DCI for UL cancelation indication
 It was agreed in the last RAN1#97 meeting to support at least a group common PDCCH for cancelation indication. A remaining issue is whether or not to additionally support UE-specific DCI for cancelation. The UE-specific DCI for UL cancelation indication is just rescheduling UL grant of the same TB. The UE-specific DCI can be suitable for UL cancellation indication when a PUSCH for a single UE is needed to be cancelled. In addition, UE-specific DCI for cancelation can have higher reliability than group common DCI, because gNB can use UE-specific beamforming and rate-matching. When considering UL cancelation indication should have higher reliability, group common DCI cannot provide such a high reliability to cell-edge UE. Therefore, in order to support UL cancelation regardless of channel quality, UE-specific DCI for UL cancelation indication would be beneficial. 
· Proposal 1: Support additionally a UE-specific DCI format for the UL cancelation indication to cancel UL channel/signal of cell-edge UEs. 

3 Group-common DCI for UL cancelation indication
To indicate which resource is canceled, it needs to define reference UL resource. Similarly, as in reference DL resource definition of the DL interruption indication, the reference UL reference resource can be defined as follows. Frequency domain of the reference UL resource contains all of PRBs in an active UL BWP. Time domain of the reference UL resource is composed of symbols between the symbol right after the CORESET where the group common DCI for cancelation indication is detected and the next CORESET configured to monitor the group common DCI for cancelation indication. Here, semi-static DL symbols are excluded from the reference UL resource 
One difference between the reference DL resource and the reference UL resource is that the minimum cancelation time is required to cancel the scheduled UL channel and signal. Therefore, we can additionally shift the reference UL resource by considering the minimum cancelation time. 
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Figure 1. reference UL resource
· Proposal 2: The reference UL resource for UL cancelation is defined as follows: 
· Frequency domain: all of PRBs in an active UL BWP
· Time domain: symbols between the symbol right after the CORESET where the group common DCI for cancelation indication is detected and the next CORESET configured to monitor the group common DCI for cancelation indication 
· Semi-static DL symbols are excluded
· Additionally, shift the reference UL resource by considering the minimum cancelation time

4 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Resume for PUSCH with UCI 
[bookmark: OLE_LINK69]During the study item phase, several options for the UL cancelation indication were discussed. Here, we investigate the case that the PUSCH containing UCI such as HARQ-ACK information is cancelled. Typically, the impact of cancellation of the PUSCH without UCI may be marginal since the cancelled PUSCH can be rescheduled and re-transmitted with a single UL grant. The DL control resource for the UL grant and the UL data resource for retransmission of the cancelled PUSCH are additionally needed. However, if the UCI such as HARQ-ACK information multiplexed in the PUSCH is cancelled, then gNB will have to reschedule multiple PDSCHs, which would significantly increase the waste of DL resource (both DL control resource and data resource). This problem becomes even more serious in a carrier aggregation case, where the cancelled UCI may contain HARQ-ACK information for PDSCHs in multiple serving cells. Based on observations, it can be desirable to distinguish between UL-SCH cancelation case and UCI cancelation case.
· Observation 1: It is necessary to prevent the HARQ-ACK information in the PUSCH from being cancelled as much as possible since it is required to reschedule and retransmit all cancelled PDSCHs. 
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Figure 2. Examples of UL cancelation indication

If a part of the PUSCH with the UL-SCH is cancelled, the question is whether or not to transmit the non-cancelled part of the PUSCH with UL-SCH. If the cancelled resource is very small, it would be better to transmit the non-cancelled part of the PUSCH transmission. However, in order to provide high reliability to the URLLC UE, almost all resource elements in the symbol may be cancelled and thus it may not be possible to decode the PUSCH only with the non-cancelled part. When considering the PUSCH with the UL-SCH rescheduling by gNB, it seems beneficial to drop the PUSCH and waits a UL grant rescheduling the PUSCH. However, if the PUSCH includes HARQ-ACK information and resources mapping to the HARQ-ACK information are not cancelled, then the UE does not need to drop resources including the HARQ-ACK information. As shown in Figure 2-(a), if the cancelled resources overlap with the resources mapping UL-SCH only and do not overlap with the resources mapping UCI and DMRS, then the UE drops the resources mapping UL-SCH and transmits the DMRS and UCI. Conversely, if the cancelled resources overlap with either of the DMRS or UCI, then the UE drops PUSCH on the scheduled resource. 
· Proposal 3: When a PUSCH is cancelled, then the following UE behaviours can be considered:
· If at least one resource element mapping to UCI or DMRS in PUSCH is cancelled, then drop PUSCH on the scheduled resource.
· If all of resource elements mapping to UCI or DMRS in PUSCH are not cancelled, then the DMRS and UCI are transmitted on that resources and the UE does not cancel to transmit the DMRS and UCI.

As described above, the UCI cancelation would result in a significant waste of DL resource. In order to avoid wasting such resources, the information related to resuming the cancelled UCI can be contained in the UL cancelation indication. In Figure 3, the UL cancelation indication also indicates a time domain resource for resuming the cancelled UCI. When the UE detects the UL cancelation indication, the UE first checks whether the DMRS and UCI are cancelled or not. If it is not cancelled, then the UE transmits the DMRS and UCI. On the other hand, if the DMRS or UCI is cancelled, the UE can retransmit the DMRS and UCI according to the information for resuming the cancelled UCI as in the UL cancelation indication. From this UCI resuming mechanism, it can be expected to improve the DL resource utilization. 
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Figure 3. UL cancelation indication with UCI rescheduling information

If the UL cancelation indication is carried via a group-common PDCCH, it is necessary to discuss how to transmit the information for resuming the cancelled UCI to each impacted UEs. One simple rule is to configure a fixed interval without dynamic indication. If the UCI on a PUSCH is cancelled, the UE retransmits the cancelled UCI after the configured interval. If the fixed interval is configured to 0, then the cancelled UCI can be transmitted right after the cancelled resource indicated by the UL cancelation indication. Additionally, a dynamic indication can be further considered to enhance UCI transmission flexibility. For example, the number of symbols or the number of slots/sub-slots can be dynamically indicated along with the UL cancelation indication. 
· Proposal 4: Consider resuming the cancelled UCI if there are enough uncanceled resources after cancelation.

5 Conclusion
In this contribution, we discussed the UL cancelation indication and the followings are proposed 
· Observation 1: It is necessary to prevent the HARQ-ACK information in the PUSCH from being cancelled as much as possible since it is required to reschedule and retransmit all cancelled PDSCHs. 
· Proposal 1: Support additionally a UE-specific DCI format for the UL cancelation indication to cancel UL channel/signal of cell-edge UEs. 
· Proposal 2: The reference UL resource for UL cancelation is defined as follows: 
· Frequency domain: all of PRBs in an active UL BWP
· Time domain: symbols between the symbol right after the CORESET where the group common DCI for cancelation indication is detected and the next CORESET configured to monitor the group common DCI for cancelation indication 
· Semi-static DL symbols are excluded
· Additionally, shift the reference UL resource by considering the minimum cancelation time
· Proposal 3: When a PUSCH is cancelled, then the following UE behaviours can be considered:
· If at least one resource element mapping to UCI or DMRS in PUSCH is cancelled, then drop PUSCH on the scheduled resource.
· If all of resource elements mapping to UCI or DMRS in PUSCH are not cancelled, then the DMRS and UCI are transmitted on that resources and the UE does not cancel to transmit the DMRS and UCI.
· Proposal 4: Consider resuming the cancelled UCI if there are enough uncanceled resources after cancelation.
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