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Introduction
[bookmark: _Hlk534356555]NRU WI was approved in RAN#82, with the objectives related to RLM framework provided below for reference [1]: 
RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)
RAN1 has also discussed various issues and solutions related to RLM support for NR-U, for which captured agreements are provided below [2]:
	RAN1#96
Agreement:
1. An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
a. FFS: How RLM measurement window is indicated or determined and relation to DRS                    transmission window
b. FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can  be used for in-sync and out-of-sync evaluations.
c. FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
2. FFS: Mechanism to handle missing RLM-RS due to LBT failure


Discussions
RLM in NR Rel-15 relies on In-Sync/Out-of-sync reports [TS 38.213 section 5, TS 38.133 section 8], assisted by SSB and/or CSI-RS configuration. UE can be configured with a set of SSB indices and/or CSI-RS resources for link monitoring. CSI-RS resources configured for RLM may or may not be constrained within the SMTC used for SSB transmissions.
In NR-U, there has been an ongoing discussion with respect to transmission of RLM-RS signals within the SMTC configured of the serving cell. Transmitting RLM-RS always within the SMTC window reduces number of channel acquisition attempts by the gNB and hence reduces unlicensed channel pollution. Note that duration of an SMTC window for NR-U cell is expected to be upper bounded by 8ms based on different companies position in RAN1. 
However, if persistent channel access failures occur during the SMTC occasions of the serving cell (due to interference observed during recurring SMTC window), then a UE connected to the cell is likely to experience radio link failure even while it remains within coverage of the cell. This could be due to higher congestion in the channel or due to selective interference during the SMTC occasions (e.g. if SMTC window overlaps with periodic transmissions of a neighbour node)
[bookmark: _Toc4593398]Observation 1: Persistent channel acquisition failures for gNB during SMTC may lead to worsening radio link performance and increased RLF triggers
In order to address this case, it is worthwhile to consider other mechanisms (apart from periodic RLM-RS monitoring) for fast link recovery for UEs not being able to detect RLM-RS transmissions from the network. One such mechanism is to allow link recovery based on physical signals transmitted outside SMTC of the serving cell.
As illustrated in Figure 1, non SMTC samples can be taken into account towards In-Sync evaluation.


[bookmark: _Ref521647876][bookmark: _Ref4614821]Figure 1: RLM sampling for NR-U
However, it has been observed that periodic RLM-RS transmissions outside the SMTC reduces medium access opportunities for other nodes in proximity and thus should be avoided. To reduce the interference caused by RLM-RS transmissions outside configured SMTC, RAN1 is considering opportunistic transmissions of RLM-RS outside SMTC. For example, serving cell may initiate transmission of these additional RLM signals only when serving cell detects consistent channel acquisition failures during SMTC. For e.g. network may initiate transmission of these additional resources if network is not able to acquire channel for N number of consecutive SMTC occasions or if network receives UE(s) report indicating radio link problem. 
RLM signals which can be used for opportunistic transmission can be either semi-persistent CSI-RS or aperiodic CSI-RS or any other physical channel (e.g. receiving a PDCCH transmission from the network could be interpreted as IS indication). It is also possible to configure additional SMTC windows which can be used by network to transmit SSBs only when required.
Note that, it is not expected from UE to always monitor and try to receive these signals, rather, these measurements can be performed based on some triggers (e.g. when RLF timer is triggered) or can be based on UE trying to receive regular serving cell transmissions (e.g. monitoring PDCCH candidates within configured search spaces).
[bookmark: _Toc4593399]Observation 2: RAN1 is discussing whether RLM signals can be transmitted opportunistically outside SMTC. Here, RLM signals may include SSB or CSI-RS or any other physical channels (e.g. DM-RS).
[bookmark: _Toc4593400]Observation 3: RLM signals outside SMTC should be scheduled when network detects consistent channel acquisition failures during SMTC or based on UE report of failure to detect RLM-RS transmissions.
Most of the above discussion mainly comes under scope of RAN1 and RAN4, however configuration of RLM transmissions and UE monitoring procedure may be discussed in RAN2 for further optimization of measurements. For e.g. criteria for UE to initiate monitoring of these opportunistic transmissions can be discussed in RAN2 based on RLF triggers. However, given that RAN1 has not agreed the high level framework, it seems preferable to wait for RAN1 to complete its study, based on which RAN2 can design the procedural and signalling framework to support this feature.
[bookmark: _Toc4571080][bookmark: _Toc4593406]Proposal 1: RAN2 to discuss the RRC signaling support for configuration of RLM signals outside SMTC after conclusion of RAN1 study
Conclusions
The proposals and observations made in this contribution are listed below:
Observation 1: Persistent channel acquisition failures for gNB during SMTC may lead to worsening radio link performance and increased RLF triggers
Observation 2: RAN1 is discussing whether RLM signals can be transmitted opportunistically outside SMTC. Here, RLM signals may include SSB or CSI-RS or any other physical channels (e.g. DM-RS).
Observation 3: RLM signals outside SMTC should be scheduled when network detects consistent channel acquisition failures during SMTC or based on UE report of failure to detect RLM-RS transmissions.
Proposal 1: RAN2 to discuss the RRC signaling support for configuration of RLM signals outside SMTC after conclusion of RAN1 study
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