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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#98 meeting [2].
	[bookmark: _Toc4526271]Agreements:
· Reuse the existing methods for search space configuration to support UL CI monitoring
· FFS possible restrictions
· Note: this means both symbol level and slot level monitoring periodicities are possible from specification perspective
Agreements:
· The UE DCI size budget is not increased by UL CI monitoring
· Further discuss methods to reduce the UE monitoring for UL CI, e.g. 
· The number of aggregation levels and/or candidates for the UL CI monitoring should be limited
· Conditions for eMBB UE UL CI monitoring:
· For UL transmission with associated PDCCH, 
· [bookmark: _Hlk21428403]Option 1: UE starts UL CI monitoring after the PDCCH is decoded
· Option 2: UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time.
· For UL transmission without associated PDCCH, UE monitors UL CI at least at the latest monitoring occasion that ends no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time. 
· Other conditions?
· Others?
· FFS the enhancement of UE capability (number of non-overlapping CCE and/or blind decodes) for UL CI monitoring
Agreements:
· Upon detecting an UL cancelation indication, for the transmission of UL signal/channels, “stop with resuming” is not supported
· Except:
· SRS can still be transmitted on the non-cancelled symbols (conditioned on if SRS can be pre-empted)
· FFS for the PUSCH repetition (Rel-15 & Rel-16) case
· FFS for the PUCCH repetition case (conditioned on if PUCCH can be pre-empted)
· FFS whether another PUSCH can be scheduled in non-pre-empted resource
· FFS impact (e.g. phase continuity issue) to a different carrier due to UL cancelation
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Agreements:
· The following UL channel/signals can be cancelled by UL cancelation indication
· PUSCH (including DG-, CG- and SP-)
· FFS for SRS
· FFS for PUCCH 
· Option 1: PUCCH (all types) can be cancelled
· Option 2: Some PUCCH can be cancelled, e.g. PUCCH carrying CSI
· Option 3: PUCCH cannot be cancelled
· FFS for PRACH (preamble and/or MSG 3 PUSCH) 
Agreements:
· The UE processing time requirement for UL cancelation indication based on N2 defined in Rel-15 UE cap#2 is supported
· FFS whether the processing time requirement for UL cancelation indication larger than N2 as defined in Rel-15 UE cap#2 can also be supported as an UE capability
· FFS whether the processing time requirement for UL cancelation indication shorter than N2 as defined in Rel-15 UE cap#2 as can also be supported an UE capability 
Agreements:
· For a DG-PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI using a separate field than SRI is supported. 
· FFS number of bits for the indication



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

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 Reference UL resource 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 processing time for cancelation is required to cancel the scheduled UL channel and signal. Therefore, we can additionally shift the reference UL resource by considering the minimum processing time. 
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Figure 1. reference UL resource for option 1
· Proposal 2: As one option, the non-overlapped 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 processing time for cancelation

In the last RAN1#98 meeting, for UL cancelation indication, symbol-level monitoring periodicity, e.g, 2-symbol periodicity is introduced. Consider the case of 2-symbol periodicity for UL cancelation indication. If time domain of reference UL resource is determined by “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” then each reference UL resource can include 2 symbols and each reference UL resource is not overlapped. This non-overlapped partitioning can provide finer granularity when the # of bits for UL cancelation is same. However, when considering UE behaviors, this non-overlapped partitioning decreases reliability of URLLC UEs and makes miss-understanding between UEs and gNB. 
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Figure 2. Non-overlapped reference UL resource

· Reliability of URLLC UEs: A UE monitoring the UL cancelation indication may be served by eMBB traffic and thus the UE may be scheduled with slot-based PUSCH (i.e. length of PUSCH is larger than 2 symbols). In this case, the UE should correctly detect up to 7 consecutive cancelation indications (where it is assumed that 14-symbol PUSCH is scheduled). If the UE fails to detect the UL cancelation indication correctly, the UE cannot cancel a resource for UL transmission for URLLC UE. In other words, the reliability of UL cancelation only depends on the single UL cancelation indication which decreases reliability of URLLC UEs. As shown in Figure 2, there is only one chance (UL CI#3) to be indicated to cancel a PUSCH transmission.
· [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Miss-understanding between UEs and gNB: In the last RAN#98 meeting, the “pause without resume” operation is supported for PUSCH transmission, where any of previous symbols are canceled and then the remaining symbols are also canceled. The problem is that if a UE fails to receive UL cancelation indication, then the UE will transmit the remaining symbols. However, gNB would expect to be canceled UL transmissions in the remaining symbols. For example, in Figure 2, if a UE misses UL CI#3, then the UE will transmit PUSCH in reference UL resources of UL#4 and UL CI#5. 
[bookmark: OLE_LINK69]
· Observation 1: For the case of non-overlapped reference UL resource, if a UE fails to receive a UL cancelation indication, there are issues on reliability of URLLC UEs and miss-understanding between UEs and gNB.

Based on the above observations, we need to further discuss to support whether non-overlapped reference UL resource or overlapped reference UL resource. For example, we can consider to following overlapped reference UL resource: T symbols from the symbol right after the CORESET where the group common DCI for cancelation indication is detected, where T is equal to or larger than periodicity of the cancelation indication. By configuring T is larger than periodicity of the cancelation indication, two consecutive reference UL resource can share the same symbols. In Figure 3, T is set to four times as big as the periodicity of the cancelation indication. Base on this setting, there are four opportunities to indicate UL cancelation. Such an overlapped reference UL resource can address two problems, reliability of URLLC UEs and miss-understanding between UEs and gNB. However, since the number of symbols in the overlapped reference UL resource is larger than that in the non-overlapped reference UL resource (2 symbols in non-overlapped reference resource vs 8 symbols in overlapped resource), indication granularity becomes coarse. 
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Figure 3. Overlapped reference UL resource

· Proposal 3: As one option, the overlapped reference UL resource for UL cancelation is defined as follows: 
· Frequency domain: all of PRBs in an active UL BWP
· Time domain: T symbols from the symbol right after the CORESET where the group common DCI for cancelation indication is detected, where T is equal to or larger than periodicity of the cancelation indication.
· Semi-static DL symbols are excluded
· Additionally, shift the reference UL resource by considering the minimum processing time for cancelation
· Observation 2: For the case of overlapped reference UL resource, indication granularity of UL cancelation indication becomes coarse.

Monitoring Behavior for UL cancelation indication
In order to reduce the number of blind decoding for UL cancelation indication, the following two options are discussed in the last RAN1#98 meeting. 
· Option 1: UE starts UL CI monitoring after the PDCCH is decoded
· Option 2: UE monitors UL CI at least at the latest monitoring occasion ending no later than X symbols before the start of the UL transmission, and X is related to UL CI processing time.
A basic rule is that a UE should monitor a UL cancelation indication if the reference UL resource corresponding to the UL cancelation indication and the scheduled PUSCH are overlapped at least one symbol. Therefore, before discussing how to reduce # of blind decoding, we first determine how to make a reference UL resource.
· Proposal 4: A UE should monitor a UL cancelation indication if the reference UL resource corresponding to the UL cancelation indication and the scheduled PUSCH are overlapped at least one symbol.
 
4 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: As one option, the non-overlapped 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 processing time for cancelation
· Proposal 3: As one option, the overlapped reference UL resource for UL cancelation is defined as follows: 
· Frequency domain: all of PRBs in an active UL BWP
· Time domain: T symbols from the symbol right after the CORESET where the group common DCI for cancelation indication is detected, where T is equal to or larger than periodicity of the cancelation indication.
· Semi-static DL symbols are excluded
· Additionally, shift the reference UL resource by considering the minimum processing time for cancelation
· Observation 2: For the case of overlapped reference UL resource, indication granularity of UL cancelation indication becomes coarse.
· Proposal 4: A UE should monitor a UL cancelation indication if the reference UL resource corresponding to the UL cancelation indication and the scheduled PUSCH are overlapped at least one symbol.
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