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Introduction
In RAN#83, a new WI on Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) has been approved [1]. One of the objectives for this WI is specification of enhanced inter UE Tx prioritization/multiplexing that includes UL cancelation scheme and enhanced UL power control scheme described in [2]. In 3GPP RAN1#97, following agreements/working assumptions/conclusions were captured in [3]:
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 document, we discuss details related to some of these aspects for facilitating efficient inter UE Tx prioritization/ multiplexing. 
UL cancellation scheme
UL cancellation mechanism
In RAN1#96bis, it has been already agreed to support stop without resume, meaning that once the previously scheduled is cancelled, it will not continue after the pre-empted resources and if needed, will be re-scheduled, as shown in Figure 1 below.


Figure 1.	Example of UL cancellation and stop
Now it for further study, whether additionally it is needed to support cancel and resume where the cancelled UL transmission resumes the remainder of the transmission after the pre-empted resources, as shown in Figure 2 below. In this case, the cancelled UL transmission is not received by gNB only on the pre-empted resources, the rest of the transmission is exactly the same. However, one of the key issues here is that the DMRS symbols of the cancelled UL transmission can be lost and there could be phase dis-continuity with the resumed part. Furthermore, a part of the transmission is lost.


Figure 2.	Example of eMBB UL cancellation and continue
Therefore, cancel and stop is rather straightforward operation and a new grant could be used to schedule remaining part of the cancelled UL transmission. We don’t see a strong motivation to additionally support cancel and resume.
Proposal 1: For NR URLLC grant-based UL in Rel. 16, cancel and resume scheme should not be supported.

UL cancellation indication and other signalling 
Two potential high level solutions are possible for the indication of UL cancellation. First, PDCCH is used to indicate the UL cancellation and second, a sequence is used to indicate the UL cancellation. For PDCCH related indication, there are further two possibilities: UE-specific signalling or group-common signalling. 
In RAN1#96bis, a working assumption is made to support PDCCH based UL cancellation. In our thinking, this working assumption should be made an agreement in RAN1#97, otherwise, for sequence based indication, more specification effort might be needed. It will be a new signal that would require additional resources, separate configuration and possibly additional monitoring in addition to PDCCH monitoring. Therefore, sequence based indication shouldn’t be considered. Furthermore, the conditional statement from the working assumption should not be considered because even if the number of bits for cancellation is small, still it should be preferable in comparison to a new sequence design. 
Proposal 2: In NR URLLC grant-based UL in Rel. 16, PDCCH is used for UL cancelation indication 
For PDCCH related indication, similar discussion was done for the DL pre-emption indication and it was agreed to use group-common signalling. The group-common signalling can be configured as UE-specific. For similar reasons as in DL, group-common signalling for UL pre-emption indication could be used. The DCI size for pre-emption indication can be same as the DCI format size for URLLC or fallback DCI. Therefore, how often the pre-emption indication is received and how often the DCI for the scheduling is received for URLLC are same. This DCI can be located in the same UE specific search space as DCI for URLLC in spite of group common DCI or located in common search space.
Proposal 3: In NR URLLC grant-based UL in Rel. 16, if it is agreed to use PDCCH for the UL cancellation indication, then group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the DCI format size for URLLC. 

UE monitoring behaviour for UL cancellation indication
It has been agreed and captured in [2] that 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 ongoing discussion. As the monitoring periodicity can be configured by the gNB and indicated to the UE, therefore our thinking 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 safe 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 1: In NR URLLC grant-based UL in Rel. 16, if PDCCH is used for UL cancellation indication, then it could be assumed that the gNB doesn’t schedule other PDCCHs in the slot and therefore, increased number of CCEs/BDs per slot would not be necessary for the purpose of UL cancellation only. 

Reliability of UL cancellation indication
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 possible degrade the URLLC or higher priority transmission of other UE.
Observation 2: In NR URLLC grant-based UL in Rel. 16, in order to ensure the end-to-end reliability of 10E-6, the reliability of the UL cancellation indication should also satisfy similar reliability criteria.
Furthermore, if it is agreed to send UL cancellation indication with PDCCH, then the discussion/enhancements related to PDCCH in NR URLLC could be sufficient to ensure ultra-reliability for UL cancellation indication. 

Prioritization of channels for cancellation
In RAN1#96bis, it has been discussed that which channels could be cancelled by UL cancellation indication. In our understanding, each UL channel/signal such as PUSCH, PUCCH and SRS will have a PHY indication for signalling whether it is associated with URLLC or eMBB. Based on such indication, the priority of the channels is defined and if the priority of the already scheduled channels is lower than the later scheduled channels, then simply it should be allowed to cancel those channels. Therefore, the priority of channel shall prevail to decide whether cancellation is done or not. However, we think that PRACH should has the absolute priority as it is crucial to maintain the communication link and therefore, it should not be allowed to cancel PRACH from this UL cancellation indication.
Proposal 4: For NR URLC grant-based UL in Rel. 16, channels with lower priority should be cancelled to allow the transmission of high priority channels
· Cancellation of PUSCH, PUCCH and SRS should be supported
· Cancellation of PRACH should not be supported
UL power control scheme
In this section, we discuss the enhanced dynamic power boost for URLLC UE, especially how to signal the dynamic change of power control parameters (i.e., P0, alpha) without SRI configuration.

Grant-based PUSCH without SRI field 


For grant-based PUSCH without SRI field (e.g., DCI format 0_0), a fixed open-loop parameter set (i.e., and) is used regardless of eMBB or URLLC. Therefore, gNB cannot dynamically indicate suitable open-loop parameter according to traffic type (i.e., eMBB or URLLC).
In Rel.15, new MCS table (MCS index table 3 for PDSCH or MCS index table 2 for PUSCH) was introduced for URLLC. In Rel.16, introduction of new DCI format scheduling NR URLLC has been discussed. The new DCI size may be different from Rel-15 fallback DCI or the new DCI may be scrambled by new RNTI.
For indicating the open-loop parameters according to traffic type, for the purpose of intra-UE prioritization, separation of priorities is proposed also for PUSCH grant [4]. For example, if higher priority is indicated, the UE determines the value of PC parameter set for URLLC. Otherwise, the UE determines the values of PC parameter set for eMBB.
Proposal 5: In case of grant-based PUSCH without SRI field, priority indication is used to differentiate open-loop parameter sets.

Grant-free PUSCH 
Although the difference of UL-TWG-Type1 or UL-TWG-Type2 are used for eMBB or URLLC is one approach, UL-TWG-Type1 and UL-TWG-Type2 cannot be configured for the same cell at the same time. Therefore, if multiple configuration of the same grant-free type for eMBB and URLLC are set to a UE, gNB cannot dynamically indicate suitable open-loop parameter according to traffic.
One less spec impact approach is specific grant-free resource is tied to specific open-loop parameter according to traffic type. In case multiple UL-TWG-Type2 are configured for eMBB and URLLC, one approach is that to introduce new CS-RNTI and use it for URLLC identification. The other approach is that the flag to indicate whether configured resource is URLLC or eMBB is added to DCI.
Proposal 6: In case of grant-free PUSCH, certain L1 identification mechanism is needed to implicitly signal URLLC UL power boosting.
Proposal 7: Linking grant-free resource with specific open-loop parameter or introducing new CS-RNTI for URLLC or URLLC identification by the flag is added to current DCI format should be considered.
Conclusion
Here we summarize the observations and proposals that have been presented in the sections above:
Observation 1: In NR URLLC grant-based UL in Rel. 16, if PDCCH is used for UL cancellation indication, then it could be assumed that the gNB doesn’t schedule other PDCCHs in the slot and therefore, increased number of CCEs/BDs per slot would not be necessary for the purpose of UL cancellation only. 
Observation 2: In NR URLLC grant-based UL in Rel. 16, in order to ensure the end-to-end reliability of 10E-6, the reliability of the UL cancellation indication should also satisfy similar reliability criteria.
[bookmark: _GoBack]Proposal 1: For NR URLLC grant-based UL in Rel. 16, cancel and resume scheme should not be supported.
Proposal 2: In NR URLLC grant-based UL in Rel. 16, PDCCH is used for UL cancelation indication 
Proposal 3: In NR URLLC grant-based UL in Rel. 16, if it is agreed to use PDCCH for the UL cancellation indication, then group-common signalling for UL pre-emption indication should be supported, where the DCI size for carrying pre-emption indication can be same as the DCI format size for URLLC. 
Proposal 4: For NR URLC grant-based UL in Rel. 16, channels with lower priority should be cancelled to allow the transmission of high priority channels
· Cancellation of PUSCH, PUCCH and SRS should be supported
· Cancellation of PRACH should not be supported
Proposal 5: In case of grant-based PUSCH without SRI field, priority indication is used to differentiate open-loop parameter sets.
Proposal 6: In case of grant-free PUSCH, certain L1 identification mechanism is needed to implicitly signal URLLC UL power boosting.
Proposal 7: Linking grant-free resource with specific open-loop parameter or introducing new CS-RNTI for URLLC or URLLC identification by the flag is added to current DCI format should be considered.
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