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1 Introduction

Support of UL URLLC transmissions was discussed in RAN1#86bis 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
So far, discussions on UL URLLC transmissions assumed orthogonal multiplexing with other UL transmissions such as eMBB transmissions or other URLLC transmissions. However, this is unlikely to always be guaranteed in practice. This contribution considers carrier sensing for UL URLLC transmissions. 

2 Carrier 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. Then, an ULBW needs to be semi-statically or dynamically configured to URLLC UEs for URLLC UL data channel transmissions [1]. Regardless of whether or not UL URLLC transmissions are grant-free or based on the ‘SR/UL grant” approach, it is probable that multiple URLLC transmissions cannot be accommodated in a FDM manner with ongoing transmissions of eMBB UL data channels (or UL control channels) and overlapping of UL URLLC transmissions and UL eMBB transmissions needs to be supported. This is already considered for the DL.

The main difference between overlapped URLLC and eMBB transmissions in the UL vs. the DL is that in the former case the eMBB transmission(s) cannot be suspended. The following two alternatives can be considered to circumvent this problem.

The first alternative is for eMBB UEs to perform carrier sensing during a short predetermine time period before each URLLC slot to determine interference variation. A UE with URLLC traffic in the next URLLC slot can transmit a ‘reservation’ signal over the intended transmission BW of the URLLC UL data channel. The reservation signal can be an SRS or even unspecified. The transmission power of the reservation signal can be same as or larger than the transmission power of the URLLC UL data channel. Using same power for the reservation signal as the URLLC UL data channel transmission power is expected to suffice as the URLLC UL data channel transmission power needs to be relatively high in order to achieve a respective high SINR to meet the reliability KPI. UEs with UL data channel transmissions that overlap in BW with the reservation signal can then sense the reservation signal and suspend transmission either for the remaining of the eMBB slot or, possibly, for the URLLC slot. This requires a transmission gap from eMBB UEs in order to perform carrier sensing. Therefore, the first alternative requires that URLLC UEs transmit a reservation signal prior to the URLLC UL slot and that eMBB UEs apply transmission gaps to perform carrier sensing prior to each URLLC UL slot. Figure 1 illustrates the baseline operation for Alternative 1.
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Figure 1: URLLC UE transmits reservation signal and eMBB UEs suspend transmissions in overlapped BW.
The second alternative is for the URLLC UE to transmit even when the transmission of the URLLC UL data channel interferes with one or more ongoing transmissions of eMBB UL data channels. The advantage of the second alternative relative to the first alternative is that there is no need for eMBB UEs to apply transmission gaps and perform carrier sensing in every URLLC slot or for URLLC UEs to transmit a reservation signal. The disadvantage of the second alternative relative to the first alternative is that the URLLC UL data channel transmission is subject to intra-cell interference in addition to the usual inter-cell interference. However, if a URLLC UE performs carrier sensing, the URLLC UE can select a BW with low intra-cell interference including, with high likelihood, no intra-cell interference considering that BW utilization for eMBB traffic is practically never 100% (e.g. for small cells with active eMBB UEs and FTP traffic, the UL BW utilization is typically around 50%). Figure 2 illustrates the baseline operation for Alternative 2.
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Figure 2: URLLC UE senses interference in UL system BW and transmits in BW with least interference.
Proposal: Study URLLC UL data channel transmissions based on carrier sensing. 

3 Conclusions

This contribution considered the support of grant-free UL URLLC transmissions and proposes the following. 

Proposal: Study URLLC UL data channel transmissions based on carrier sensing. 
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