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1 Introduction

Support of UL URLLC transmissions was discussed in RAN1#86bis and RAN1#87 and the following were agreed.

Agreements:
· Consider further the tradeoffs for meeting URLLC requirements for the following.

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission

· Other solutions are not precluded
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design

This contribution considers transmission aspects for data channels conveying URLLC service in the UL and in particular dynamic resource selection by a UE. Support for the minimum targeted values for URLLC latency is assumed and transmissions of UL data channels without respective grants are considered; otherwise, URLLC UL data channels can be scheduled similar to eMBB ones. 

2 Energy Sensing for UL URLLC Transmissions 

Achieving the performance and latency KPIs for UL URLLC transmissions requires a departure of the legacy “SR – UL grant – UL data channel” series to achieve the latency KPI and a large UL data channel transmission BW to enable a very low code rate to achieve the reliability KPI within a short transmission time interval. For transmissions of an UL channel without an associated UL grant, an available UL BW needs to be semi-statically or dynamically configured by a serving gNB to a UE with potential URLLC UL data channel transmission [1]. For semi-static configuration, it is probable that a transmission of URLLC UL channel cannot be FDM either with transmissions of eMBB UL channels or even with transmissions of other URLLC UL channels in the same URLLC slot. Further, unlike DL transmissions, UL eMBB transmission(s) cannot be suspended to accommodate UL URLLC transmissions.

URLLC UEs can perform energy sensing during a predetermined time period before a URLLC slot. For example, the energy sensing can occur at the beginning of a URLLC slot or at the time the application layer informs the MAC/PHY layers of a packet arrival. The sensing can be performed over the entire UL system BW or, to assist the UEs, the gNB can semi-statically or dynamically configure a sensing BW to URLLC UEs (UEs can perform sensing over the entire UL BW when they do not receive a configuration). As coverage for URLLC services is expected to be much smaller than for eMBB services, a potential hidden node problem from an eMBB UE to an URLLC UE is not material. 
Upon determining an available BW for transmission, a UE with URLLC UL channel transmission in the next URLLC slot can transmit a reservation signal over the intended transmission BW of the URLLC UL channel. The reservation signal can be an SRS or even be unspecified. The transmission power of the reservation signal can be same as or larger than the transmission power of the URLLC UL channel. Using same power for the reservation signal as the URLLC UL channel transmission power is expected to suffice as the URLLC UL channel transmission power needs to be relatively high in order to meet the reliability KPI. 
The above operation is similar to a combination of distributed scheduling in V2X (resource allocation mode 4) for energy sensing and of DL LAA for the functionality of the reservation for declaring as occupied the BW intended for transmission of the URLLC UL channel. 
Even though UL eMBB transmissions cannot be suspended for multiplexing URLLC traffic, this does not necessarily imply that UL eMBB transmissions and UL URLLC transmissions cannot overlap (even in the DL, the gNB behavior cannot be specified to be suspension of eMBB transmissions that overlap with URLLC transmission). What matters for achieving the target reception reliability for URLLC information, either in the DL or in the UL, is the relative power difference of the overlapped eMBB and URLLC transmissions. As URLLC UL channel transmissions can require a large BW for achieving high reception reliability during a short transmission time period, it is possible that the UL system BW is entirely occupied by eMBB transmissions or other URLLC transmissions at a given URLLC slot. Energy sensing provides the additional advantage of allowing a UE with upcoming URLLC traffic to select a BW with low intra-cell interference from eMBB transmissions, thereby offering additional scalability in providing resources for URLLC transmissions and this is relevant when congestion can occur with probability above about 0.001%. Nevertheless, for sporadic URLLC traffic and non-full UL BW utilization by eMBB traffic, no intra-cell interference is practically expected to occur. Also, overlapping with eMBB transmissions can be avoided by design through the configuration by the gNB to URLLC UEs of the UL BW for energy sensing but, depending on the level of URLLC traffic, this may result to blocked URLLC transmissions (non-orthogonal multiplexing of URLLC UL channels without respective UL grants is not considered practically feasible for URLLC target reception reliability in the range of 0.001%). 
Figure 1 illustrates the baseline operation for dynamic resource selection for URLLC UL channel transmissions through energy sensing.
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Figure 1: Dynamic resource determination through energy sensing and transmission of a reservation signal.
Proposal: Dynamic resource selection by a UE through energy sensing is supported for URLLC UL channel transmissions without associated UL grants. 

3 Conclusions

This contribution considered energy sensing by a UE for dynamic selection of resources for transmission of URLLC UL channel without an associated UL grant and proposes the following. 

Proposal: Dynamic resource selection by a UE through energy sensing is supported for URLLC UL channel transmissions without associated UL grants. 
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