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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#96bis, the following agreements have been made [1]:
[bookmark: _Hlk3800378]Working assumption:
· PDCCH is used for UL cancellation 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 cancellation 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 cancellation indication, including
· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS
· [bookmark: _Hlk7692695]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 cancellation 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 the potential enhancements to support the UE UL cancellation indication and enhanced UL power control scheme.  
Discussion
UL inter-UE cancellation indication
Multiplexing URLLC and eMBB transmissions can provide better spectrum resource utilization and capacity gain, compared to deploy only static resource partitioning in time and frequency domain between URLLC and eMBB services. 
For higher URLLC traffic loads, source 9 shows that it is not possible to reach the URLLC performance requirement without removing the colliding eMBB transmission. ([2])
The UL cancellation scheme aims to protect URLLC transmissions by muting an interfering eMBB transmission over a part of the multiplexing UL physical resources. If the URLLC service’s required resources are occupied by another UE’s eMBB transmission, the gNB can send UL Cancellation Indication to the interfering eMBB UE(s). The eMBB UE may then cancel the entire eMBB transmission, or just over the resources where there is a collision with the URLLC UE. 
A compact DCI can be used for UL cancellation indication. The minimum size of compact DCI is targeting 10~16 bits reduction compared to the DCI format size of 40 bits for Rel-15 fall back DCI, which would meet the URLLC BLER requirements, as discussed in [1] section 7.2.6.1.
The number of affected eMBB UEs should determine the use of either group common DCI or UE specific DCI. If a number of eMBB UEs would be affected by the URLLC transmission, then these UEs could be configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies. SRS or PRACH should not be pre-empted by UL cancellation indication. 
The ratio of resources required by URLLC can be typically small, with PUSCH occupying only a small bandwidth of higher PSD, while the eMBB transmission may have wider bandwidth due to the higher data rate. For cases where only the transmission of a single eMBB UE needs to be cancelled, the UE specific DCI is more appropriate. 

The continuation of eMBB transmission on the non-overlapped part of the resources via puncture or rate-match can ensure that service interruption to the eMBB UEs is kept to a minimum. If a eMBB HARQ-ACK transmission has to be cancelled, the UL Cancellation Indication may include a PUCCH resource indicator for the relocated eMBB PUCCH, in order to avoid significant loss of system efficiency.
The re-scheduling UL grant associated with UL Cancellation Indication is a control signalling overhead which could be avoided. The UL cancellation indication may include only ‘Modulation and coding scheme’ for the subsequent eMBB PUSCH transmission without the field of ‘Frequency domain resource assignment’ or ‘Time domain resource assignment’ etc. An indication of configurable time duration may be supported for semi-persistent UL transmissions. No additional signalling is then required to notify the UE to resume its eMBB transmission. 
Multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE
The gNB should be able to detect the grant-free transmission of URLLC UE without a scheduling request. Even for NR-U, the PUSCH transmitted on configured grants would follow the exact scheduling information provided by the gNB, e.g. PUSCH start position and length. The UE would also have to obtain the channel to establish a URLLC service, during which the gNB would be able to initiate the UL cancellation procedure. 
The information of configured grant resource (e.g. the time-frequency allocation, offset, periodicity in mini-slots/symbols) for URLLC services may be informed to the eMBB UE via RRC signalling. The fine- grain time/frequency region on which the UL cancellation applies may be informed to the eMBB UE via a resource index in the UL cancellation indication.
Proposal 1: Support RRC signalling to inform multiplexing eMBB UEs of configured URLLC resources prior to URLLC transmission.
[bookmark: _Hlk7451727]Proposal 2: Support UL Cancellation Indication to include a resource index and a configurable time duration.
The eMBB UE would only need to monitor the UL cancellation indication, if it has UL eMBB transmissions over the time and frequency resources configured for the URLLC service. Although UE would need to monitor multiple PDCCH occasions per slot, the overall UE PDCCH monitoring capability (number of CCEs/BDs per slot) may not have to increase significantly, as the number of candidate CCEs and blind decoding for each aggregation level can be limited for the purpose of detecting UL cancellation indication. 
Proposal 3: No significant increase to the overall eMBB UE PDCCH monitoring capability for UL Cancellation Indication.
Enhanced Power Control
As discussed in [2], two sources (source 9/10) show that 100% URLLC UE satisfying the requirement can be achieved when the URLLC traffic load is low and the colliding eMBB transmission power is 5dB or 8dB lower than URLLC using semi-static power setting. One source (source 1) shows better eMBB throughput for enhanced power control, compared to UL cancellation. In the evaluation by source 1, the enhanced UL power control is such that URLLC is always power boosted by 6dB higher than eMBB since eMBB and URLLC are assumed to always collide in the evaluation. 
One (source 6) shows degraded eMBB throughput in UMa scenario for enhanced dynamic power control, compared to semi-static power setting. It also shows that UL cancellation gets better eMBB throughput, compared to enhanced dynamic power control, using enhanced TPC range of up to 6dB.
[bookmark: _GoBack]Considering the need to reduce inter-cell interference, UE power saving, as well as requirements on the limitation to mobile output power, applying lower eMBB power setting would be a better option than increasing URLLC transmit power. The gNB may use different power settings to reduce a UE’s UL transmission power for eMBB service over the overlapping resources. For example, different EPRE power setting can be semi-statically configured for the eMBB resources multiplexed with URLLC resources. This would reduce the interference from eMBB transmission to URLLC service over the configured resource. It is also useful for the case where the initial URLLC transmission occurs before the eMBB UE is able to cancel or dynamically reduce the power of ongoing eMBB transmission. 
It is therefore our view that the network may apply eMBB and URLLC power control dynamically or semi-statically over the multiplexing resources based on parameter settings. Power control enhancement using TPC command only would be ineffective, as shown in the above referenced simulation results.
Proposal 4: Support gNB to apply different power setting for the eMBB UE’s UL transmission at the overlapping resources for URLLC.
Conclusion
In this contribution, we discussed the mechanisms for supporting inter-UE UL Tx prioritization and multiplexing and proposed,
Proposal 1: Support RRC signalling to inform multiplexing eMBB UEs of configured URLLC resources prior to URLLC transmission.
Proposal 2: Support UL Cancellation Indication to include a resource index and a configurable time duration.
Proposal 3: No significant increase to the overall eMBB UE PDCCH monitoring capability for UL Cancellation Indication.
Proposal 4: Support gNB to apply different power setting for the eMBB UE’s UL transmission at overlapping resources for URLLC.
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