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Discussion
1      Introduction
In Rel-15, the framework for the basic URLLC functionality was defined. However, due to the time limitation, only new CQI and MCS tables targeting 10-5 BLER were defined. In RAN #80, a new study item “New SID on Physical Layer Enhancements for NR URLLC” was approved for Rel-16 [1]. The objectives of this new study item include:
· Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

· UL inter UE Tx prioritization/multiplexing 

In RAN1#94 meeting, the followings were agreed:

· RAN1 to study the potential enhancements for UL inter UE Tx prioritization/multiplexing
· Performance study of the enhanced UL inter UE Tx prioritization/multiplexing mechanisms using Re-15 mechanisms as the performance benchmark

· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter UE Tx prioritization/multiplexing

· Other factors to be considered such as overhead, capability, etc.

· Study the UE UL cancelation mechanisms, including at least the following aspects

· The potential mechanisms may include UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication

· Physical channel/signal used for the UL cancelation indication 

· UE Processing timeline for the UL cancelation indication

· UE monitoring behaviours for the UL cancelation indication

· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH

· Methods to ensure the reliability of the indication for UE UL cancelation

· Study the UL power control enhancements

· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE
In RAN1 #94bis meeting, the followings were agreed:
· Potential UL power control enhancements are to be studied further:

· Enhanced dynamic power boost for URLLC UE

· Dynamic change of power control parameters, e.g. P0, alpha without SRI configured

· Enhanced TPC, e.g. increased TPC range, finer granularity

· Currently, the need of URLLC UE power change during one transmission instance is not envisioned

· Study the Enhanced dynamic power boost for URLLC UE, including at least the following aspects

· Feasibility of boosting UE power in power limited or interference limited scenarios

· Physical channel/signal used for the signalling 

· UE Processing timeline for the signalling

· UE monitoring behaviours for the signalling

· UE PDCCH monitoring capability, if the signalling is by PDCCH

· Methods to ensure the reliability of the signalling

· Type of gNB receiver should be reported

· Note:

· Other power control enhancements are not precluded. 

· No change of eMBB UE power control scheme is assumed in this study.

In this contribution, we give our views on UL inter-UE multiplexing between eMBB and URLLC in Rel-16.
2      Discussion
The multiplexing between eMBB and URLLC can be semi-static resource sharing or dynamic resource sharing. For semi-static resource sharing, the resources for URLLC transmission should be reserved. Considering the stringent latency requirement, URLLC transmission is likely to span wideband resources in frequency domain, while occupying a small number of symbols. Since URLLC traffic can be sporadic, reserving wideband resources to facilitate the potential transmission of sporadic URLLC traffic would cause a considerable waste. Thus in order to keep high resource efficiency, UL inter-UE multiplexing with dynamic resource sharing between eMBB and URLLC should be considered.
Proposal 1: UL inter-UE multiplexing with dynamic resource sharing between eMBB and URLLC should be considered.
There are mainly two solutions for UL inter-UE multiplexing with dynamic resource sharing between eMBB and URLLC.

· Option 1: eMBB UE cancels UL transmission when an indication is detected.

· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced.
These two solutions were discussed in Rel-15. However, due to the time limitation, there was no consensus in Rel-15 to support handling inter-UE UL multiplexing of transmission with different reliability requirements. 
In this new study item, handling UL inter UE Tx prioritization/multiplexing is one of the objectives. In the past RAN1 meetings, pros and cons of these two solutions were analysed by a number of contributions, e.g., [2] - [4].
The obvious advantage of option 1 is that by preventing eMBB from interfering URLLC transmission on the uplink, the reliability performance of URLLC is improved, less resources are consumed, and the end-to-end HARQ transmission latency is reduced. But UE may need to support shorter processing time and monitor PDCCH more frequently than option 2, in order to monitor the pre-emption indication. In addition, option 1 may not work properly when URLLC traffic is based on UL grant-free transmission.
Observation 1: Option 1 can avoid interference between URLLC and eMBB, but UE may need to support shorter processing time and monitor PDCCH more frequently. In addition, option 1 may not work properly when URLLC traffic is based on UL grant-free transmission.
For option 2, power control can be operated in a semi-static manner or a dynamic manner. On the other hand, power boosting of URLLC transmission or power reduction of eMBB transmission can be implemented. It was agreed in RAN1 #94bis that no change of eMBB UE power control scheme is assumed in this study. Thus only power boosting of URLLC transmission is considered. Compared with option 1, option 2 can support UL grant-free based URLLC transmission and the burden of shorter processing time and frequent PDCCH monitoring can be relaxed. However, the fundamental drawback of option 2 is that URLLC transmissions would suffer from the interference originating from eMBB transmission of other UEs. And power boosting of URLLC transmission is infeasible for cell-edge UEs with limited power headroom, and is ineffective in the interference-limited regime for all URLLC UEs.
Observation 2: Option 2 can support UL grant-free based URLLC transmission, and the burden of shorter processing time and frequent PDCCH monitoring can be relaxed. But the fundamental drawback of option 2 is that URLLC transmissions would suffer from the interference originating from eMBB transmission of other UEs.
As discussed above, both of the two options have pros and cons. Each of these two solutions can be applied in different scenarios. For instance, if multiple eMBB UEs would be affected by URLLC transmission, option 1 is the best choice. If only 1 or 2 eMBB UEs would be affected by URLLC transmission and URLLC transmission is not from cell-edge UEs, option 2 can be considered.
Proposal 2: Each of these two solutions can be applied in different scenarios.

For option 1, eMBB UEs can be informed UL transmission cancellation or pausing of UL transmission. After URLLC transmissions from other UEs are complete, eMBB UEs can be informed UL transmission continuation or re-scheduling of UL transmission. Since URLLC transmission is likely to span wideband resources in frequency domain, it may affect the UL transmission of multiple eMBB UEs, therefore, group-common DCI is more reasonable for UL cancelation/pausing indication. UL continuation indication can be either group-common DCI or UE specific DCI, while UE specific DCI can re-schedule the UL transmission.
Proposal 3: For option 1, group-common DCI can be considered for UL cancelation/pausing indication. UL continuation indication can be either group-common DCI or UE specific DCI, while UE specific DCI can re-schedule the UL transmission.
3      Conclusion
In this contribution, we discuss UL inter-UE multiplexing between eMBB and URLLC. Based on the discussion, we have following observations and proposals:
Observation 1: Option 1 can avoid interference between URLLC and eMBB, but UE may need to support shorter processing time and monitor PDCCH more frequently. In addition, option 1 may not work properly when URLLC traffic is based on UL grant-free transmission.
Observation 2: Option 2 can support UL grant-free based URLLC transmission, and the burden of shorter processing time and frequent PDCCH monitoring can be relaxed. But the fundamental drawback of option 2 is that URLLC transmissions would suffer from the interference originating from eMBB transmission of other UEs.
Proposal 1: UL inter-UE multiplexing with dynamic resource sharing between eMBB and URLLC should be considered.
Proposal 2: Each of these two solutions can be applied in different scenarios.

Proposal 3: For option 1, group-common DCI can be considered for UL cancelation/pausing indication. UL continuation indication can be either group-common DCI or UE specific DCI, while UE specific DCI can re-schedule the UL transmission.
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