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1 Introduction

In RAN1 # 97 [1], the following were agreed for UL inter-UE multiplexing:

Agreements:

· Support at least group common DCI for cancelation indication

· FFS whether or not to additionally support UE-specific DCI for cancelation indication

In RAN1 # 98 [2], the following were agreed:

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, 

· 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

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 present our views on suitable UL cancelation schemes and enhanced power control schemes.
2 Discussion on UL cancellation schemes

In RAN1 # 97, group-common DCI has been agreed for UL cancelation indication (CI). Support of UE specific DCI in addition to group-common DCI was FFS. Moreover, several UL channels were discussed in previous meetings on whether they can be cancelled. Furthermore, whether some restrictions on UL CI monitoring is useful or not also needs further discussion. In the following sections, we present our views on these topics. 
2.1 Group-common (GC) DCI Design
Similar to the design adopted to handle DL pre-emption, the GC DCI for UL CI may indicate N-bit bitmap where N = XY bits, X = number of partitions in time and Y = number of partitions in frequency within a configured reference region. Number of partitions and time/frequency granularity can be configured by higher layer signalling. Unlike the case in DL pre-emption, more number of partitions may be required in frequency than in time to handle UL pre-emption considering the fact that UL CI needs to be transmitted before the cancelation takes place because cancelation is performed by the UE not gNB. As URLLC transmission may span a short duration, longer duration for reference region in time is not necessary which may otherwise unnecessarily trigger cancelation of transmission of one or more impacted UEs, depending on configured indication granularity. Furthermore, it was agreed that impacted UEs does not resume transmission after interruption. N = 14 bits may still be used, where X can be 1 or 2, and Y can be 7 to 14, so that XY = 14.  
The reference region addressed by the UL CI needs new consideration in our view. In DL, UE BWPs can be large and it was justified that multiple UEs can share a common DL BW part and reference region was based on BW part. In UL, active BWPs of the impacted UEs may not be large due to UL power limitation and/or may not significantly overlap. Moreover, a pre-emption event may span multiple BWPs when URLLC transmission is made over a wider bandwidth. Adopting a design similar to DL pre-emption would require the network to send multiple GC DCIs, each addressing one UL BWP where possibly only one impacted UE is present at a given time. Consequently, the benefit of GC DCI may be lost, where a common information can be useful and meaningful to a group of UEs. Hence, we propose that reference region addressed by UL cancelation indication should be based on UL carrier BW. Two options can be considered:

· Semi-static configuration of reference region within carrier BW
· If the carrier BW is not that large, this approach may suffice in most occasions. For example, 14 partitions in frequency may provide reasonable indication granularity in frequency.

· Dynamic configuration of reference region within carrier BW

· If the carrier BW is large, semi-static design may result in coarser granularity and unnecessary eMBB throughput loss.

· The location, such as start position in time and/or frequency, can be dynamically indicated in the UL CI, where size, i.e., number of RBs and number of symbols, can be semi-statically configured.

In Figure 1, we show an example where UE 1 and UE 2 are eMBB UEs making UL transmission in BWPs B2 and B1, respectively. Whereas UE3 is an URLLC UE making transmission over a wider BWP. As can be seen in this example, transmission of UE3 impacts UE 1 and UE 2. If all UEs monitor in a common DL BWP and if reference region is configured with respect to UL carrier, a single GC DCI can be sent to signal UL CI in such cases, which can be quite common in UL. 
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Figure 1: Reference region for UL CI can be configured with respect to UL carrier, not UL BWPs. Figure shows 7 partitions in frequency. 
Proposal 1: 
· Reference region for UL cancelation indication should be configured with respect to UL carrier, not for each UL BWP.
· Support dynamic indication of reference region

Proposal 2: 
· GC DCI comprises a bitmap of N bits, where N = XY, X = number of time partitions, Y = number of frequency partitions.
· FFS values of X and Y

· FFS a field for dynamic indication of location of reference region

· Time/frequency indication granularity can be configured
2.2 Benefits of UE-Specific DCI Design

UE specific DCI such as rescheduling DCI has several benefits that may not be achieved by GC DCI. In our view, rescheduling DCI can be additionally supported for more efficient handling of UL cancelation.
Instead of receiving the cancelation indication in a potentially different DCI, the UE may receive a subsequent UL grant for the same HARQ process that was scheduled by the original UL grant and UE may follow the resource allocation indicated by the new grant and drop/cancel the transmission scheduled by the original grant. This approach basically ‘shifts’ the PUSCH resource allocation, e.g., to different time-frequency region, or alternatively updates the UL grant with a new resource allocation. The subsequent grant is performing both the operation of cancellation of transmission and scheduling a transmission.
 In our view, UE specific DCI format in an UL grant, such as rescheduling DCI can be additionally supported for the following reasons:

1. Unlike DL, UL transmission may not typically occupy a large BW due to power limitation, and a large number of eMBB UEs may not be impacted by a single URLLC transmission. Hence, the signalling overhead benefit for the GC DCI option over rescheduling DCI would be much less than DL PI case. UE specific signaling may be considered so that only impacted UEs are signalled. The rescheduling DCI can be used which could cancel and reschedule the transmission via one DCI, thereby reducing signalling overhead.  Note that, it may be also possible that in some cases, rescheduling DCI only cancels the transmission and not provide any rescheduling assignment. Overall, even if rescheduling DCI occupies more REs than GC DCI, the total overhead of GC DCI + retransmission grant of the impacted UEs would be definitely larger than rescheduling DCIs signalled to the impacted UEs. Moreover, it was also discussed in RAN1 98 and currently it is FFS that whether another PUSCH can be scheduled in non-pre-empted resource. Rescheduling DCI may facilitate such scheduling and in the process increase UPT. 
2. Rescheduling DCI requires minimal specification impact as existing DCI format can be used without requiring insertion of any new fields.

3. Due to 3+1 DCI format size budget, the GC DCI format size would have to match either one of the scheduling DCI formats, such as fallback DCI or the largest size of DCI format associated with a non C-RNTI. Hence, although payload of GC DCI can be low in some occasion, overhead benefits may not be practically realized due to maintaining DCI size budget issue. Moreover, due to 3 + 1 rule, there may be some occasions where transmission of GC DCI for UL CI can be constrained if network has to send other GC DCIs in same monitoring occasions. Hence, in those occasions, UE specific DCI can be considered as an additional tool for the network to leverage. 

4. Actual GC DCI design details maybe different from DL PI, such as GC DCI for UL CI may need to indicate the start position of the time-frequency region, which may considerably increase payload. Furthermore, if cross-carrier UL CI is indicated in a GC DCI, it would increase payload further. Hence, in some cases, UL grant can be used to complement GC DCI.

Proposal 3: 
· Support UE specific DCI, such as rescheduling DCI in UL grant, in addition to GC DCI for UL CI.

Proposal 4: 
· Support PUSCH scheduling in non-pre-empted resource.
2.3 Considerations on UL channels for cancelation
Several UL channels are considered under the scope of UL CI, such as PUSCH, PUCCH, SRS, and PRACH. It was agreed in RAN1 98 that DG, CG, SP PUSCH can be cancelled. In our view, both Rel15 and Rel16 repetition of PUSCH can be cancelled. However, the motivation for other UL channels such as PUCCH, SRS, PRACH to be considered within the scope of UL cancelation scheme is not clear. Allowing all of these UL channels for possible cancellation means UE would almost always have to be monitoring very frequently for the CI which would increase UE power consumption significantly. PUCCH transmission may occupy resource that can be much narrower in BW compared to typical PUSCH. Moreover, cancellation of PUCCH may not be desirable in particular if it contains HARQ-ACK of a number of transmissions over one or more carriers. On the other hand, SRS transmission can be up to 4 symbols only and it may not be a common use case when SRS can be wideband and 4 symbols at the same time, thus this case may not need to be optimized. Network may control overlap of data/control of URLLC transmission with PUCCH, SRS, PRACH of eMBB UEs by implementation and avoid dynamic resource sharing by indication for such purpose. Most importantly, it should be noted that the main use of UL CI is in efficient multiplexing of different traffic types in terms of system spectral efficiency and user capacity. In this regard, the benefits from UL CI, when applied to physical channels other than PUSCH are questionable.

Proposal 5: 
· Cancelation of SRS, PUCCH, and PRACH is not supported in Rel16.
Moreover, UL cancelation of a transmission in one carrier may also affect transmissions in other carriers, where the transmissions are made via a common RF chain. In that case, transmissions in other UL carriers may also need to be cancelled. This may depend on a given combination of bands in operation and is subject to UE capability reporting. 
2.4 Conditions for UL CI Monitoring

In RAN1 98, some conditions were listed regarding when the latest monitoring occasion of UL CI can be, i.e., latest monitoring occasion ending no later than X symbols before the start of the UL transmission, where X is related to UL CI processing time. However, identifying only one valid monitoring occasion may not be sufficient and in order to avoid blocking and allow for network flexibility in sending the UL CI, multiplexing monitoring occasions for UL CI which can cancel a given UL transmission should be considered. On the other hand, in order to limit UE power consumption, limited monitoring occasions are desirable. While this can be determined based on the reception of the UL grant for cancelation of DG PUSCH, such implicit characterization of starting point of UL CI monitoring would not be possible for various other UL transmission occasions, e.g., CG PUSCH or SP(-CSI) PUSCH. 

To this end, an offset can be configured with respect to the start of UL transmission or to the slot containing the UL transmission, where the offset indicates where to start monitoring for UL CI to cancel a following UL transmission.  Valid monitoring occasions are identified to be within a duration that starts at the configured offset and ends at X symbols before the start of UL transmission.
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               Figure 2: Configuration of an offset to indicate start of monitoring occasions for UL CI
Proposal 6: 
· An offset can be configured with respect to start of an UL transmission to indicate where to start monitoring for an UL CI.
3 Discussion on enhanced power control schemes
In RAN1 98, dynamic open loop power control parameter indication in a scheduling DCI using a separate field than SRI was agreed. In our view, the new field introduced can have 1 bit to indicate one from two configured sets.

Dynamic open loop parameter indication for CG PUSCH was discussed in RAN1 98. In our view, it may be difficult to align transmission occasion of a GC DCI, providing open loop parameters, with transmission occasion of a CG-PUSCH transmission occasion, resulting in possibly outdated open loop parameters and benefit of dynamic indication may only be realized with very frequent monitoring of GC DCI. Moreover, the parameter indicated may not be accurate for the inter-cell interference observed when UL transmission is actually made. There is a chance that power boosting in this case can increase the interference quite a bit and degrade link quality of multiple UEs. 

On the other hand, rate matching solution in UL was discussed as an alternative to UL power control enhancements. In our view, UL rate matching increases UE complexity a lot and there is chance of phase continuity issue as well. Moreover, question remains whether UE can rate match based on N2 of Cap 2. 
Proposal 7: 
· Dynamic indication of open power control parameters for CG PUSCH is not supported in Rel16.
· UL rate matching is not supported in Rel-16
4 Conclusions

In this contribution, we presented our views on support of efficient inter-UE multiplexing considering URLLC use cases. Based on the presented discussion, we have the following proposals:
Proposal 1: 
· Reference region for UL cancelation indication should be configured with respect to UL carrier, not for each UL BWP.
· Support dynamic indication of reference region

Proposal 2: 

· GC DCI comprises a bitmap of N bits, where N = XY, X = number of time partitions, Y = number of frequency partitions.

· FFS values of X and Y

· FFS a field for dynamic indication of location of reference region

· Time/frequency indication granularity can be configured
Proposal 3: 
· Support UE specific DCI, such as rescheduling DCI in UL grant, in addition to GC DCI for UL CI.

Proposal 4: 
· Support PUSCH scheduling in non-pre-empted resource.

Proposal 5: 
· Cancelation of SRS, PUCCH, and PRACH is not supported in Rel16.
Proposal 6: 
· An offset can be configured with respect to start of an UL transmission to indicate where to start monitoring for an UL CI.
Proposal 7: 

· Dynamic indication of open power control parameters for CG PUSCH is not supported in Rel16.
· UL rate matching is not supported in Rel-16
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