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The work item of Physical Layer Enhancements for NR URLLC was approved in RAN#83 to support a set of enhancements to URLLC, and further establishes detailed recommendations as given in Section 9.2 in TR 38.824 for specification [1]:
· UL cancellation scheme 
· Enhanced UL power control scheme 
[bookmark: _Hlk3800378]In RAN1#96, the following observations have been agreed in [2]:
· Two sources (source 9/10) show that 100% URLLC UE satisfying the requirement can only 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. 
· While 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. 
· 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.
In this contribution, we discuss the potential enhancements to support the UE UL cancellation mechanism 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. 
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 at least over the resources where there is a collision with the URLLC UE. 
A compact DCI can be used for UL cancellation indication. The UL cancellation indication may include a new grant for re-scheduling of the eMBB service. Given that the URLLC service requires higher reliability, the cancellation indication for the eMBB UE would need to reach a same reliability level as the multiplexing URLLC service. 
To reduce the UE processing time, the URLLC resources for scheduled grant or configured grant may be pre-informed to the UE which is scheduled over the URLLC shared resources. Upon receiving UL cancellation indication, the eMBB UE may cancel the eMBB transmission, or just mute the resources assigned to the URLLC UE, whist allowing the eMBB service to continue over the time and frequency resources not used by URLLC. The ratio of configured resources for URLLC can be typically small, e.g. to support target URLLC data rate at 32 bytes per 1ms, compared to the wide-band eMBB transmission. If the MCS/TBS does not change following puncture or rate-match, the eMBB transmission can continue without a new grant. UL cancellation indication followed by UL re-scheduling indication may cause service interruption to the eMBB UEs, e.g. no HARQ ACK/NACK can be transmitted until the UL transmission is resumed.
[bookmark: _Hlk520129783]In UL cancellation indication, an indication of configurable time duration may be supported. No additional signalling is then required to notify the UE to resume the eMBB transmission. 
Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE.
The UL cancellation indication can be used by the scheduler to reclaim some of the resources already occupied by eMBB users, and allocate them to the URLLC users. 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, which allows the gNB 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.
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 cancel eMBB transmissions for 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 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.
Considering the need to reduce inter-cell interference – allowing lower eMBB power setting would help to achieve this, compared to only increase the URLLC transmit power. The gNB may therefore use separate power settings to limit 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. This 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 operate eMBB and URLLC power control dynamically or semi-statically over the multiplexing resources based on parameter settings.  
Proposal 4: Support gNB to apply separate 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 cancel eMBB transmissions for a configurable time duration.
Proposal 3: No significant increase to the overall eMBB UE PDCCH monitoring capability for UL Pre-emption Indication.
Proposal 4: Support gNB to apply separate power setting for the eMBB UE’s UL transmission at overlapping resources for URLLC.
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