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1 Introduction

In the current TR 38.889, the following is captured regarding RLM procedure in NR-U:
For RRM, RLM, and mobility procedures, NR licensed specification in Rel-15 are considered as a baseline for NR-U. However, changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced.
We discuss in this contribution the possible modifications to RLM-related procedures considering limitations to the transmission of RLM reference signals due to LBT. It is proposed to list these possible changes in TR 38.889.
2 Discussion

The possibility of LBT failure introduces uncertainty in the gNB’s ability to periodically transmit RLM-RS signals, and may lead to a dropped transmission.

In NR, L1 measurements are performed on the configured reference signals to determine the quality of the radio link, indicating either in-sync (IS) or out of sync (OOS) to higher layers. These measurements rely on periodic transmission of the RLM-RS signals, which cannot be guaranteed in the unlicensed spectrum due to possible network LBT failure. If an OOS condition is indicated, the UE cannot distinguish whether this was due to poor link quality, or network LBT failure. This can result in RLF being be triggered during good channel conditions, causing unnecessary interruption, latency, and signalling overhead.

Upon detecting physical layer problems for the SpCell (i.e. upon receiving N310 consecutive out-of-sync indications from lower layers), the timer T310 is started. At the timer expiry, the UE declares RLF and initiates the connection re-establishment procedure.

Under high channel load, the NW may not have acquired the channel for the whole duration of T310 or NW may not be able to acquire the channel frequently so that sufficient in-sync indications can be received to stop T310, resulting in the UE declaring RLF and initiating re-establishment. 
The RLM mechanism can be better adapted to the unlicensed environment through several possible enhancements. A desirable feature would be the ability for the UE to distinguish a missed RLM-RS from poor channel conditions, possibly through clear channel assessment (CCA) during RLM (e.g. RSSI measurement, channel occupancy…).  To increase the reliability of this estimation, one could consider introducing signalling (e.g. from PDCCH) or other indication from the network that a previous RLM-RS instance was missing.
Proposal 1:  
Capture “Support for detection of missed RLM-RS samples” as a possible change to RLM for NR-U in TR 38.889.
Another direction could be to configure higher values of the N310 counter or T310 timer to avoid premature RLF when several RLM-RS instances are missed due channel access failure. However, an RLM configuration that is optimal for a high load channel may not work well in a bad channel condition.  It would be preferable that the UE applies a RLM configuration that is appropriate for a given channel condition. One solution could be to configure two sets of RLM-RS resources and parameters. The UE can determine what set to monitor based on measured channel occupancy and channel conditions.
Proposal 2:
Capture “Adaptation of timers and counters based on channel occupancy” as a possible change to RLM for NR-U in TR 38.889.
Configuration of additional RLM-RS resources used to enable faster recovery (in-sync) under high load may also be considered.
Proposal 3:
Capture “Configuration of additional sets of RLM-RS to enable faster RLM recovery” as a possible change to RLM for NR-U in TR 38.889.
3 Text Proposal
7.2.2.3.1
RLM/RLF and mobility (conn mode)
<Start modified section>

[…]

For RRM, RLM, and mobility procedures, NR licensed specification in Rel-15 are considered as a baseline for NR-U. However, changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced. These will support both synchronous and, except for LAA case, asynchronous deployments. Possible changes that have been identified include the following:
· Support for detection of missed RLM-RS samples;
· Adaptation of timers and counters based on channel occupancy;

· Configuration of additional sets of RLM-RS to enable faster RLM recovery.
[…]
<End modified section>

Proposal 4:
Agree to the above TP for introduce RLM modifications to consider in TR 38.889.

4 Conclusion
This contribution proposes to agree on the following:

Proposal 1:  
Capture “Support for detection of missed RLM-RS samples” as a possible change to RLM for NR-U in TR 38.889.
Proposal 2:
Capture “Adaptation of timers and counters based on channel occupancy” as a possible change to RLM for NR-U in TR 38.889.
Proposal 3:
Capture “Configuration of additional sets of RLM-RS to enable faster RLM recovery under a highly loaded channel” as a possible change to RLM for NR-U in TR 38.889.

If the three above proposals can be agreed, we further propose to agree on the TP in section 3:
Proposal 4:
Agree to the above TP for introduce RLM modifications to consider in TR 38.889.
Otherwise, we will be happy to provide another TP reflecting the consensus of the group.
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