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Introduction
The following agreements were made in RAN1-98bis on UL CI [1].
	Agreements:
· 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 CI  is configured by RRC
· FFS possible values
Agreements:
· SRS can be cancelled by UL CI
· PUCCH cannot be cancelled by UL CI
· RACH related UL transmissions cannot be cancelled by UL CI, including MSG 1/3 in case of 4-step RACH, MSG A in case of 2-step RACH.
Agreements:
· Cross-carrier UL cancelation 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
Agreements:
· Different UE processing time capability for UL CI (i.e. shorter or longer than T_proc2 for cap#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
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.
Agreements:
· 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 cancelation
· FFS X can be configured to be larger than the minimum processing time for UL cancelation
· The duration of the reference time region is configured by RRC
· FFS Possible values (e.g. 2OS, 4OS, 7OS, 14OS, 28OS?)
· 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

Agreements:
Support the following for UL CI
· Each UL cancelation indicator per serving cell has a RRC configurable field size of  X bits 
· One value of 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 configurations 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 as DL PI) over the time and frequency partitions within the reference region
· FFS dynamic 2D-bitmap


In this contribution, we discuss potential design and open issues with UL cancelation indication for uplink inter-UE multiplexing between eMBB and URLLC.
Discussion
Uplink transmission cancelation/interruption
During R16 eURLLC SI phase [2], cancelation indication, continuation indication, and re-scheduling indication options were discussed. Other discussed issues are related to the type of the physical channel/signaling, UE monitoring behavior, whether to use group-common or UE-specific search space, control channel monitoring capability, and how to ensure reliability of the indication.
UL interruption indication can be carried in a group-common signal, UE specific signal, or in a sequence based signal. It is preferred not to introduce a new physical channel or signaling to minimize monitoring and detection complexity. Hence, reuse of an existing NR DCI format is more suitable for UL interruption indication. Introducing a new DCI format would increase blind decode complexity, and therefore not desirable.
Proposal 1: Reuse one of the existing DCI formats for UL cancellation indication in Rel-16.
Control signaling overhead is another concern with uplink cancelation indication. Since URLLC dynamic scheduling grants are assigned in mini-slot level periodicity, eMBB UE should monitor cancelation indication, at least, with the same monitoring periodicity level as URLLC UE. Since eMBB transmissions are typically scheduled at slot level, a new indication signal monitored at mini-slot level would require high control overhead. 
An uplink cancelation indication on a group-common DCI format would need high ALs to ensure detection reliability. One of the conveniences of uplink cancelation indication is that an eMBB UE is not required to monitor cancelation indication as long as eMBB UE is not scheduled any PUSCH. In such cases, when the DCI format signaling cancelation indication is located in a common PDCCH search space, the same control resources still cannot be used for UE-specific DCI scheduling PUSCH even if there is no URLLC preemption in the slot. This limitation does not exist for UE-specific DCI-based cancelation indication. Moreover, after a cancelation indication is signaled, preempted eMBB UE’s PUSCH is likely to be re-scheduled on other resources. Hence, use of a group-common cancelation indication would require a separate UE-specific scheduling DCI for each preempted eMBB UE. This would cause high control overhead especially when multiple eMBB UEs are preempted by URLLC in uplink. On the other hand, a UE-specific cancelation signal can indicate the preempted resources and also offer new re-scheduling time-frequency resources at the same time. 

Observation 1: If UE-specific DCI format 0_0 and/or format 0_1 interrupts & re-schedules eMBB PUSCH, control signaling overhead can be significantly reduced in comparison to group-common DCI-based cancelation indication.
In addition, for a UE that supports both eMBB and URLLC services, and currently transmits a low priority packet (that could be canceled by the gNB), it will need to monitor the scheduling DCI for any URLLC traffic. Thus, the UE will have to frequently monitor both; scheduling DCI for the URLLC traffic and GC-DCI for the cancelation of the ongoing transmission. It is evident that the scheduling DCI for the URLLC traffic would consume all the budget of the blind decoding and non-overlapping CCEs. Hence, it will not be feasible to configure the UE to monitor the GC-DCI UL cancelation indication at the same time.
Observation 2: For a UE with simultaneous eMBB and URLLC services, due to the limit in the BDs/non-overlapping CCEs, it is not feasible to configure the UE with separate DCI for UL cancelation indication.
Reusing DCI formats 0_0/0_1 for cancelation indication is straightforward and requires minimal specification efforts. If the UE is scheduled to transmit an UL packet, the network can cancel the transmission by sending an UL scheduling DCI (formats 0_0 or 0_1) with the HARQ process ID of the ongoing UL transmission. Given that the UE didn’t finish the transmission of PUSCH with the indicated HARQ ID, the UE will interpret this as cancelation DCI, as illustrated in Figure 1.
Observation 3: Reusing DCI formats 0_0/0_1 for cancelation indication is straightforward and requires minimal specification efforts.
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In summary, UE-specific DCI-based cancelation indication does not require as much control resources as group-common indication, and it is preferable to re-use one of the existing DCI formats in NR Rel-15. Hence, in our view, the best design option for cancelation indication is to re-use an existing UE-specific DCI format to eMBB UEs. As it is preferable to keep control overhead low, an uplink scheduling DCI format (i.e., DCI format 0_0 and/or 0_1) can be re-used to indicate preempted resources in uplink. 
When an uplink preemption is indicated, some of the existing fields in DCI format 0_0 and 0_1 are not needed. Hence, one of such existing fields (e.g., HARQ process ID, MCS, etc.) can be set to all ‘0’s or all ‘1’s as validation bits. If an eMBB UE detects an uplink scheduling DCI with such field values, the DCI is interpreted as an uplink cancelation indication. Some of the other fields (i.e., time-domain RA, frequency-domain RA) can be used to point to the preempted resources by URLLC.
We have the following proposals.
Proposal 2: UE-specific DCI format 0_0 and 0_1 are used to interrupt/cancel eMBB PUSCH.
Proposal 3: Some of the existing fields in DCI format 0_0 and/or 0_1 are used as validation bits to indicate the resources preempted by URLLC and to re-schedule canceled eMBB PUSCH on new resources.
Regarding the monitoring conditions that are been proposed to allow the UE to skip/pause monitoring the UL CI, it should be left to the UE implementation to skip some of the monitoring occasion based on the current scheduled/configured UL transmissions.
Proposal 4: No need to specify monitoring conditions to allow the UE to skip/pause monitoring the UL CI. It is up to UE implementation as long as the UL cancelation can be done based on the indication.
For the #CCE/BDs, it is assumed that it is beneficial to increase limit of the #CCEs/BDs for the UEs that support UL CI. However, this will increase the required UE complexity to support the feature, and hence jeopardizing the feasibility of implementing the feature by eMBB UEs.
Proposal 5: No need to increase the limit of non-overlapping CCEs and BDs for UEs supporting UL CI.
Conclusions
We have the following observations:

Observation 1: If UE-specific DCI format 0_0 and/or format 0_1 interrupts & re-schedules eMBB PUSCH, control signaling overhead can be significantly reduced in comparison to group-common DCI-based cancelation indication.
Observation 2: For a UE with simultaneous eMBB and URLLC services, due to the limit in the BDs/non-overlapping CCEs, it is not feasible to configure the UE with separate DCI for UL cancelation indication.
Observation 3: Reusing DCI formats 0_0/0_1 for cancelation indication is straightforward and requires minimal specification efforts.
We have the following proposals:

Proposal 1: Reuse one of the existing DCI formats for UL cancellation indication in Rel-16.
Proposal 2: UE-specific DCI format 0_0 and 0_1 are used to interrupt/cancel eMBB PUSCH.
Proposal 3: Some of the existing fields in DCI format 0_0 and/or 0_1 are used as validation bits to indicate the resources preempted by URLLC and to re-schedule canceled eMBB PUSCH on new resources.
Proposal 4: No need to specify monitoring conditions to allow the UE to skip/pause monitoring the UL CI. It is up to UE implementation as long as the UL cancelation can be done based on the indication.
Proposal 5: No need to increase the limit of non-overlapping CCEs and BDs for UEs supporting UL CI.
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