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Introduction
A work item on physical layer enhancements for NR URLLC was approved [1]. One of objectives of this work item is specification of enhanced inter UE Tx prioritization/multiplexing, which includes
· UL cancelation scheme
· Enhanced UL power control scheme
In this document, we provide our view on UL cancelation scheme for inter-UE Tx prioritization/multiplexing for URLLC. The agreements related to these topics made in previous RAN1 meetings are summarized in Appendix.
This document is update of R1-1910522 [2].
Discussion
UL cancellation indication and its reliability
In the previous meeting, it was agreed to support at least group common DCI for cancellation indication. It is FFS whether or not to additionally support UE-specific DCI for cancellation indication. In our view, for sequence-based indication, more specification effort is necessary. It will be a new signal that would require additional resources, separate configuration and possibly additional monitoring in addition to PDCCH monitoring. In addition, because of lack of CRC protection, to manage false detection required level with good miss-detection performance is very difficult and sensitive to the variation of the interference level for the sequence-based indication as discussed following section on the reliability. Therefore, sequence-based indication shouldn’t be considered. The group common DCI is used for UE-specific signalling is supported as the implementation of RNTI assignment.
Proposal 1: In NR URLLC UL in Rel.16, sequence-based indication for UL cancellation indication is not supported.

Another discussion point is to ensure that the UL cancellation indication is reliable enough to be received and successfully decoded by the UE. If the UL cancellation indication has insufficient reliability, then that particular UE continues with the transmission and possibly degrade the URLLC or higher priority transmission of other UEs.
Observation 1: In NR URLLC UL in Rel.16, in order to ensure the end-to-end reliability of 10-6, the reliability of the UL cancellation indication should also satisfy similar reliability criteria.
However, as it is agreed to send UL cancellation indication with PDCCH, then the discussion/enhancements related to PDCCH in NR URLLC would be sufficient to ensure ultra-reliability for UL cancellation indication.

UE monitoring behaviour for UL cancellation indication
It has been agreed that the monitoring periodicity for the UL cancellation indication should be configurable by the gNB and UE supporting UL cancellation indication should be able to support more than one monitoring occasions for the UL cancellation indication in a slot. As the monitoring periodicity can be configured by the gNB and indicated to the UE, therefore, our view is that the increased monitoring is only configured when needed. Furthermore, when increased monitoring is configured so that UL cancellation indication can be detected by the UE, it might be reasonable to assume that other PDCCH might not be transmitted and possible the number of CCEs/BDs per slot wouldn’t need to be increased.
Observation 2: In NR URLLC UL in Rel.16, when PDCCH is used for UL cancellation indication, then it could be assumed that the gNB doesn’t schedule other PDCCHs in the monitoring occasion for the UE and therefore, increased number of CCEs/BDs per slot would not be necessary for the purpose of UL cancellation only.

Based on the above observation, either of “Option 1: UE starts UL CI monitoring after the PDCCH is decoded” and “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 related to UL CI processing time” from the previous agreement should work. However, we think that Option 2 is more optimized to further reduce the monitoring effort. Therefore, Option 2 should be adopted as the condition for the monitoring of UL CI.
Proposal 2: In NR URLLC UL in Rel.16, 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.

Prioritization for selective cancellation
Based on the current agreements and status of discussion, the current cancellation mechanism can be described as follows.
· A certain group of UEs are configured to monitor PDCCH carrying CG DCI that contains information related to cancellation of the on-going transmission
· A high priority UE (possibly with URLLC traffic) is scheduled that may partially or completely overlap with the already scheduled or on-going UL transmission from other UEs
· gNB sends PDCCH with GC DCI for cancellation of the on-going UL transmissions - Only UEs that are configured to monitor GC DCI will respond and cancel any on-going transmissions, if they overlap either partially or completely with the time-frequency region indicated by the GC DCI, where the transmission is cancelled and not resumed.
Figure 1 below shows an example of how the cancellation is done based on the current status.


Fig.1 Example of UL cancellation for inter-UE multiplexing

Based on the current agreements, it was agreed to simply cancel the on-going UL transmission upon detection of PDCCH with GC DCI with cancellation indication at least for PUSCH. Although, the intention is to make way for URLLC UL transmission and cancel all the low priority UL transmissions from the other UEs, but the current agreements/discussion doesn’t provide the mechanism on handling of on-going URLLC or high priority transmissions. Therefore, the issue is that even the URLLC transmissions or any other high priority transmissions would be cancelled. Some adjustment is needed to ensure that the URLLC (or any high priority traffic) for a UE that is configured to monitor GC-DCI for cancellation indication is not cancelled, only the low priority traffic is cancelled as shown in Fig.2.
Observation 3: In NR URLLC UL in Rel.16, based on the current agreement, UEs that are configured to monitor GC DCI for cancellation will always cancel any on-going transmission regardless of their priority level.


Fig.2 Example of selective UL cancellation (only lower priority cancelled) for inter-UE multiplexing
One possible approach could be that the priority level of the UL transmission is known to at the PHY layer and this knowledge is used to selectively cancel the on-going UL transmissions in order to accommodate a higher priority UL transmission on the overlapping time-frequency region. For selective cancellation of only low-priority traffic (with respect to the new scheduled transmission of another UE), the GC DCI should signal a priority indication. So, all the UEs monitoring GC DCI will check the indicated priority and compare with the priority of their currently scheduled or on-going transmission and it will be cancelled only if lower than indicated priority level.
Proposal 3: In NR URLLC UL in Rel.16, GC DCI for cancellation indication should also signal a priority indication to the UEs (that are configured to monitor GC DCI for cancellation)
· To compare that with the priority of their scheduled or on-going transmission and only cancel it if this priority is lower than the indicated priority by GC DCI

Conclusion
In this contribution, we discussed UL cancelation scheme for inter-UE Tx prioritization/multiplexing in Rel.16 URLLC and made following observations and proposals.
Proposal 1: In NR URLLC UL in Rel.16, sequence-based indication for UL cancellation indication is not supported.
Observation 1: In NR URLLC UL in Rel.16, in order to ensure the end-to-end reliability of 10-6, the reliability of the UL cancellation indication should also satisfy similar reliability criteria.
Observation 2: In NR URLLC UL in Rel.16, when PDCCH is used for UL cancellation indication, then it could be assumed that the gNB doesn’t schedule other PDCCHs in the monitoring occasion for the UE and therefore, increased number of CCEs/BDs per slot would not be necessary for the purpose of UL cancellation only.
Proposal 2: In NR URLLC UL in Rel.16, 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.
Observation 3: In NR URLLC UL in Rel.16, based on the current agreement, UEs that are configured to monitor GC DCI for cancellation will always cancel any on-going transmission regardless of their priority level.
Proposal 3: In NR URLLC UL in Rel.16, GC DCI for cancellation indication should also signal a priority indication to the UEs (that are configured to monitor GC DCI for cancellation)
· To compare that with the priority of their scheduled or on-going transmission and only cancel it if this priority is lower than the indicated priority by GC DCI
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Appendix:	Previous agreements
RAN1#94bis
Agreement:
· RAN1 to study the potential enhancements for UL inter-UE Tx prioritization / multiplexing.
· Performance study of the enhanced UL inter-UE Tx prioritization / multiplexing mechanisms using Rel.15 mechanisms as the performance benchmark
· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter-UE Tx prioritization / multiplexing.
· Other factors to be considered such as overhead, capability, etc.
· Study the UE UL cancelation mechanisms, including at least the following aspects.
· The potential mechanisms may include UE UL cancelation / pausing indication, UL continuation indication, UL re-scheduling indication.
· Physical channel / signal used for the UL cancelation indication
· UE processing timeline for the UL cancelation indication
· UE monitoring behaviors for the UL cancelation indication
· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH
· Methods to ensure the reliability of the indication for UE UL cancelation
· Study the UL power control enhancements
· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE.
RAN1#94bis
Agreement:
· Potential UL power control enhancements are to be studied further.
· Enhanced dynamic power boost for URLLC UE
· Dynamic change of power control parameters, e.g., P0, alpha without SRI configured
· Enhanced TPC, e.g., increased TPC range, finer granularity
· Currently, the need of URLLC UE power change during one transmission instance is not envisioned.
· Study the enhanced dynamic power boost for URLLC UE, including at least the following aspects.
· Feasibility of boosting UE power in power limited or interference limited scenarios
· Physical channel / signal used for the signaling
· UE processing timeline for the signaling
· UE monitoring behaviors for the signaling
· UE PDCCH monitoring capability, if the signaling is by PDCCH
· Methods to ensure the reliability of the signaling
· Type of gNB receiver should be reported.
· Note:
· Other power control enhancements are not precluded.
· No change of eMBB UE power control scheme is assumed in this study.
RAN1 AH1901
Agreement:
· Capture the following in TR38.824 Section 7.2.1“UE UL cancelation mechanisms”.
· UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization / multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs / BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel.15 UE Capability 2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.
· Aim to down select the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI).
Agreement:
· Introduce the following TP to the TR.
· Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization / multiplexing. The potential enhanced UL power control may include UE determining 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 may also be considered. Power boosting is not applicable to power limited UEs.
RAN1#96bis
Agreement:
· Recommend both UL cancelation scheme and enhanced UL power control scheme to be specified.
RAN1#96bis
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. 
Agreement:
· 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.
Agreement:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported.
· FFS whether and how to support stop with resume
Agreement:
· 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
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 group common PDCCH
RAN1#97
Agreement:
· Support at least group common DCI for cancelation indication.
· FFS whether or not to additionally support UE-specific DCI for cancelation indication
Conclusion:
· To down select from the following options for enhanced power control.
· Option 1: Indication of open-loop parameter sets by DCI
· For dynamic grant PUSCH, an open-loop parameter set indicated to the UE by scheduling DCI without using SRI is applied to the scheduled transmission.
· FFS: At least for single active configured grant PUSCH, an open-loop parameter set is indicated to the UE by a UE-specific field in group common DCI.
· FFS for the case of multiple active configured grant PUSCH
· FFS: For a UE, the open-loop parameter sets for dynamic grant PUSCH and configured grant PUSCH may be same or different.
· Option 2: Indication of TPC with increased range by DCI
· For dynamic grant PUSCH, a TPC with increased range is indicated to the UE by the TPC field in scheduling DCI.
· FFS: At least for single active configured grant PUSCH (and potentially also for dynamic grant PUSCH), a TPC with increased range is indicated to the UE by a UE-specific TPC field in group common DCI.
· FFS for the case of multiple active configured grant PUSCH
· At least for dynamic grant PUSCH, for a UE, the number of TPC entries (4 or 8) and power adjustment value for each entry is higher layer configured.
· FFS: For a UE, the TPC configuration for dynamic grant PUSCH and configured grant PUSCH may be same or different.
· Option 3:
· For configured grant PUSCH, use either the solution from Option 1 or Option 2 for dynamic grant PUSCH as above.
· To down select from Option 1 and 2.
· FFS: At least for single active configured grant PUSCH, UE derives the transmissions power based on the time / frequency resource indicated by a group common DCI.
· If a configured grant PUSCH transmission overlaps with the indicated time / frequency resource, UE use one open-loop parameter set with higher power for the transmission.
· If a configured grant PUSCH transmission does not overlap with the indicated time / frequency resource, UE use another open-loop parameter set with lower power for the transmission.
· FFS for the case of multiple active configured grant PUSCH
· Note: Some companies have concern that this was not captured in the TR as one potential solutions.
RAN1#98
Agreement:
· 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.
Agreement:
· 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 eNBB UE UL CI monitoring
· For UL transmission with associated PDCCH
· 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 to later than X symbols before the start of the UL transmission, and X is related UL CI processing time.
· For UL transmission without associated PDCCH, UE monitors UL CI at least at least 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 condition?
· Others?
· FFS: The enhancement of UE capability (number of non-overlapping CCE and/or bind decodes) for UL CI monitoring.
Agreement:
· Upon detecting an UL cancellation indication, for 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 preempted),
· FFS for the PUSCH repetition (Rel.15 and Rel.16) case
· FFS for the PUCCH repetition case (conditioned on if PUCCH can be preempted)
· FFS whether another PUSCH can be scheduled in non-preempted resource
· FFS: Impact (e.g., phase continuity issue) to different carrier due to UL cancellation
Agreement:
· The following UL channel / signals can be cancelled by UL cancellation indication.
· PUSCH (including dynamic grant, configured grant, and semi-persistent)
· 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)
Agreement:
· The UE processing time requirement for UL cancellation indication based on N2 defined in Rel.15 UE capability 2 is supported.
· FFS whether the processing time requirement for UL cancellation indication larger than N2 as defined in Rel.15 UE capability 2 can also be supported as an UE capability.
· FFS whether the processing time requirement for UL cancellation indication shorter than N2 as defined in Rel.15 UE capability 2 as can also be supported an UE capability.
Agreement:
· For a dynamic grant 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
RAN1#98bis
Agreement:
· Regarding UL CI monitoring, support the following.
· A new RNTI (e.g., CI-RNTI) is used for UL CI.
· FFS: Monitoring periodicity larger than [5] slot is not supported for UL CI.
· The aggregation level(s) and the number of PDCCH candidates configured by RRC.
· FFS: Possible restrictions, e.g., the ones associated with SFI
· The DCI payload size for UL cancellation indication is configured by RRC.
· FFS: Possible values
Agreement:
· Cross-carrier UL cancellation indication is supported using the same way as Rel.15 SFI / DL PI.
· The indication field position in DCI for each cross-carrier indicated serving cell is configured by RRC.
[bookmark: _Hlk23435666]Agreement:
· Different UE processing time capability for UL CI (i.e., shorter or longer than T_proc2 for Capability 2 UE) is not considered in Rel.16.
· d2,1 = 0 also when DMRS and UL-SCH (for the PUSCH to be cancelled) are multiplexed in the 1st symbol.
[bookmark: _Hlk23435195]Agreement:
· In case of PUSCH repetitions, UL CI is applied to each repetition individually (actual repetition in case of Rel.16 PUSCH repetition) that overlaps with the resource (in time and frequency) indicated by UL CI.
Agreement:
· The reference time region where a detected UL CI is applicable is determined by the following.
· The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancellation.
· FFS: X can be configured to be larger than the minimum processing time for UL cancellation.
· The duration of the reference time region is configured by RRC.
· FFS: Possible values (e.g., 2 OS, 4 OS, 7 OS, 14 OS, 28 OS?)
· FFS: DL symbols are excluded from the reference time region
Agreement:
· The reference frequency region where a detected UL CI is applicable is configured by RRC.
Agreement:
· Support the following for UL CI.
· Each UL cancellation indicator per serving cell has a RRC configurable field size of X bits.
· One value X is 14.
· FFS: Other values (e.g., X can be N (N > 0) times of 7)
· The time domain granularity for the reference time region is configured by RRC.
· FFS: The possible values (e.g., the time region can be divided into [1], [2], [4], [7], [14], … portions)
· FFS: Valid configuration according to the duration of the time reference region
· The frequency domain granularity is determined based on the configured time domain granularity and the configured bit field size of each indicator.
· The time and frequency resource for cancellation is jointly indicated by a 2D-bitmap (i.e., similar to DL PI) over the time and frequency partitions within the reference region.
· FFS: Dynamic 2D-bitmap
[bookmark: _Hlk23438203]Agreement:
· SRS can be cancelled by UL CI.
· PUCCH cannot be cancelled by UL CI.
· RACH related UL transmission cannot be cancelled by UL CI, including Msg.1 / 3 in case of 4-step RACH, Msg.A in case of 2-step RACH.
Agreement:
· For dynamic grant PUSCH, one bit (separately from SRI) in UL grant is used to indicate the open loop power control parameter set.
· Introduce one new RRC parameter that contains one additional P0-PUSCH-Set per SRI.
· The one bit indication is present in the UL grant when the above new RRC parameter is configured.
· If present, the one bit in the DCI is used to switch between the P0 value from the existing P0-PUSCH-AlphaSet and the P0 value from the newly configured P0-PUSCH-Set.
Conclusion:
· No enhancement for configured grant PUSCH power control in Rel.16 for inter-UE multiplexing.
[bookmark: _GoBack]
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