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Introduction
[bookmark: _GoBack]The following agreements were made in RAN1-96bis on uplink inter-UE multiplexing [1].

	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.



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 rather than a new sequence-based scheme. Introducing a new DCI format would increase blind decode complexity, and therefore not desirable.
We propose the following. 
Proposal 1: Confirm working assumption. PDCCH is used for UL cancelation indication.
Proposal 2: Reuse one of the existing DCI formats for UL cancellation indication in Rel-16.

Another issue discussed during last RAN1 meeting was whether UL cancelation signal should be allowed to resume the interrupted eMBB PUSCH in the same slot after the preempted URLLC symbols. In our view there are several issue with such continuation type solution. First, if the preempting URLLC PUSCH overlaps with some of the DMRS positions of eMBB PUSCH, decoding performance will be impacted due to phase discontinuity issues. Another reason is unnecessary power consumption at eMBB UE due to more frequent power amplifier ramp-up/ramp-down in a slot. Furthermore, potential gain in spectral efficiency with such continuation indication would be limited as eMBB UE PUSCH would still likely need to be re-scheduled after the cancelation.
Hence we have the following proposal.
Proposal 3: Continuation or suspend-and-resume indication is not supported for uplink cancellation indication.

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. 

We have the following observations on DCI format options for cancelation indication. 
Observation 1: Group-common transmission interruption indication would cause high control overhead.
Observation 2: 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 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 4: UE-specific DCI format 0_0 and/or 0_1 is used to interrupt/cancel eMBB PUSCH and re-schedule the PUSCH on other resources.
Proposal 5: 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.

Another issues discussed in last RAN1 meeting was what kind of eMBB uplink transmissions can be interrupted by a cancelation indication, including periodic/semi-persistant, dynamic PUSCH/PUCCH/SRS and PRACH. 
In our view, feasibility of interrupting PRACH is limited as an eMBB UE should start connection reestablishment procedure fast after RLF is declared by higher layers. Also, the transmission is restricted to PRACH resources, hence network can avoid assignment of such resources for URLLC PUSCH. Due to its limited feasibility and its resources being contained, interruption of eMBB PRACH by a cancelation indication is not necessary. 
We propose the following. 
Proposal 6: Uplink cancelation indication cannot interrupt any PRACH transmission.

Regarding SRS and PUCCH interruption by cancelation indication, the potential benefit is not very clear. Typically, eMBB PUSCH occupy much more T/F resources than SRS or PUCCH. Since one of the main motivations of this work is to guarantee URLLC latency in high traffic cases, the first priority should be the design of cancelation indication to interrupt eMBB PUSCH. 
Since most performance evaluations during SI focused on PUSCH interruption and multiplexing, the potential gain of SRS/PUCCH cancelation is unclear. Due to limited Release 16 timeline, in our view standardization efforts should focus on PUSCH cancelation first. If needed, SRS/PUCCH cancelation can be studied in a future Release later as enhancement.
Proposal 7: SRS and PUCCH interruption shall not be discussed in Rel-16.

As for the interruption of dynamic, periodic, semi-persistent PUSCH by cancelation indication, in our view there is potential gain to interrupt all eMBB PUSCH. The eMBB PUSCH transmission durations are typically configured at slot-level (e.g., type-A), and are usually allocated across a large set of frequency resources. Generally speaking, this is typically the case for dynamic, periodic, and semi-persistent eMBB PUSCH. Therefore, both periodic and dynamic eMBB PUSCH can be interrupted by a cancelation indication as long as eMBB processing timeline requirements are fulfilled. 
Proposal 8: Uplink cancelation indication can interrupt dynamic, periodic, and semi-persistent eMBB PUSCH if processing time requirements can be satisfied. 

Conclusions
We have the following observations:

Observation 1: Group-common transmission interruption indication would cause high control overhead.
Observation 2: 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.
We have the following proposals:

Proposal 1: Confirm working assumption. PDCCH is used for UL cancelation indication.
Proposal 2: Reuse one of the existing DCI formats for UL cancellation indication in Rel-16.
Proposal 3: Continuation or suspend-and-resume indication is not supported for uplink cancellation indication.
Proposal 4: UE-specific DCI format 0_0 and/or 0_1 is used to interrupt/cancel eMBB PUSCH and re-schedule the PUSCH on other resources.
Proposal 5: 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 6: Uplink cancelation indication cannot interrupt any PRACH transmission.
Proposal 7: SRS and PUCCH interruption shall not be discussed in Rel-16.
Proposal 8: Uplink cancelation indication can interrupt dynamic, periodic, and semi-persistent eMBB PUSCH if processing time requirements can be satisfied. 
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