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1 Introduction

In the WID RP-182878, regarding enhancements to RLM, it says:

-
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)
In TR 38.889, one conclusion has already been captured as follows:

Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure have been identified and studied.

For RLM on an unlicensed SpCell and RRM, it is considered beneficial to configure DMTCs (DRS Measurement Time Configuration) in which UEs can perform measurements. It is considered beneficial that these time-domain measurement windows for RRM measurements and RLM can be different. RLM DMTC may coincide with DRS transmission window. For RLM, the following recommendations are considered beneficial for further design when the specifications are developed:

-
Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS. The transmission of the RS in a COT may be subject to LBT.

-
Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations. For example, determining which RLM-RS within or outside the RLM measurement window can be utilized for in-sync and out-of-sync evaluations.

-
Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is determined when the specifications are developed.
In this contribution, we give our views on possible enhancements to system information.
2 Discussion

2.1 Background

The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync (OOS/IS) status to higher layers.
In NR, the reference signal (RS) used by the UE for radio link monitoring is configured by RRC, which are CSI-RS and/or SSB. The physical layer in the UE indicates OOS to higher layer when the radio link quality is worse than the configured threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE indicates IS to higher layers.
In the higher layer (RRC layer), a timer and several counters are configured to count the OOS and IS. If there are several consecutive OOSs are indicated from physical layer, a timer is started. Until the timer expiry, if there are not enough ISs are indicated from physical layer, the radio link failure (RLF) is declared. If dual connectivity is configured, and when the RLF is declared in PCell, the UE will perform RRC reestablishment. If RLF is declared in PScell, SCG-RLF procedure is performed. 

As an example shown in the following figure: if N310 consecutive OOS is indicated from physical layer, a timer namely T310 would be triggered. When T310 expires, radio link failure (RLF) will be considered.
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Observation 1 The physical layer in the UE indicates OOS/IS to higher layer based on the evaluation of radio link quality by measuring configured CSI-RS and/or SSB.

Observation 2 If there are several consecutive OOSs are indicated from the physical layer, a timer will be triggered. When the timer is expired, the radio link failure is declared.

2.2 RLM in NR-U
Actually, for NR licensed operation, the physical layer assesses the radio link quality once per indication period. As specified in TS 38.213, UE determines the indication period based on whether DRX is configured or not. If there is no DRX configured, the indication period is determined as the maximum between the shortest periodicity for radio link monitoring resources and 10ms. If DRX is configured, the indication period is determined as the maximum between the shortest periodicity for radio link monitoring resources and the configured DRX period.

Observation 3 The physical layer assesses the radio link quality once per indication period, the indication period is determined based on DRX period and RLM-RS period if DRX is configured.
However, for NR unlicensed operation, the periodical transmission of the RLM-RS may be blocked by LBT. If gNB fails to obtain the channel to transmit RLM-RS due to LBT failure, UE may not differentiate whether the RLM-RS is not transmitted due to LBT or the radio link quality is becoming worse. In such a case, the physical layer in the UE probably indicate OOS to higher layer even if the radio link quality is good, which means the miss RLM-RS may lead to unnecessary RLF. On the other hand, even if knows the RLM-RS is not transmitted due to LBT failure, and it chooses to not report OOS, it would result in unnecessarily long delay for declaring RLF. Thus, there is impact on RLM from missed RLM-RS due to LBT failure.

Observation 4 UE may not differentiate whether the RLM-RS is not transmitted due to LBT or the radio link quality is becoming worse, which has impact on RLM.
In order to handle this impact due to uncertainty of unlicensed channel, it was agreed in RAN1 to study the possible new metric to accurately identify instances of unsuccessful detection of RLM-RS.
-
Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is determined when the specifications are developed.
Considering there are only two indication in the current RLM procedure, i.e., OOS/IS. In this case, there is no way for the physical layer in the UE to indicate the identified instances of unsuccessful detection of RLM-RS. Thus, it would be beneficial to introduce this new metric on top of OOS/IS. Besides, with this new metric, the higher layer can differentiate whether the radio link quality is good (IS is indicated), poor (OOS is indicated)  or LBT failure (new metric is indicated). With these information, it would be helpful for the higher layer to trigger different procedure.

Proposal 1 Introduce a new metric indication from physical layer to higher layer to indicate LBT failure. 

With this new metric indication, it may have some impacts on the higher layer radio link failure related procedures.
Firstly, frequent new metric indication from physical layer means the gNB has very little opportunities to obtain the channel. Thus on top of the current RLF trigger mechanism, e.g., based on counting OOS and timer expire, it would be possible to consider a new mechanism to trigger RLF based on the new metric indication, i.e., if several new metric indication received from physical layer, UE declares RLF or perform RRC reestablishment.
Proposal 2 UE can declare RLF or perform RRC reestablishment based on indication of LBT failure. 
Secondly, the current OOS/IS mechanism can be updated by combining the new metric indication. For example, there could be a separate counter like N310, to count the new metric indication. If there are several new metric indications received from the physical layer, a timer can be triggered which means the gNB has not yet obtained the channel for enough time. Before the timer expiry, if there are several IS received or several OOS received, the timer can be stopped meaning the channel is available again. If the timer is expired, the UE may declare RLF.
As an simple example shown below: network can configure a new counter to count the new metric indication. If there are enough new metric indication, UE would trigger a timer. In this case, OOS can also be regarded as the counter for triggering the timer. Before timer expiry, if there are not enough OOS/IS received, UE would declare RLF. 
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Proposal 3 The current OOS/IS mechanism can be updated by combining the new metric indication
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
The physical layer in the UE indicates OOS/IS to higher layer based on the evaluation of radio link quality by measuring configured CSI-RS and/or SSB.
Observation 2
If there are several consecutive OOSs are indicated from the physical layer, a timer will be triggered. When the timer is expired, the radio link failure is declared.
Observation 3
The physical layer assesses the radio link quality once per indication period, the indication period is determined based on DRX period and RLM-RS period if DRX is configured.
Observation 4
UE may not differentiate whether the RLM-RS is not transmitted due to LBT or the radio link quality is becoming worse, which has impact on RLM.
Proposal 1
Introduce a new metric indication from physical layer to higher layer to indicate LBT failure.
Proposal 2
UE can declare RLF or perform RRC reestablishment based on indication of LBT failure.
Proposal 3
The current OOS/IS mechanism can be updated by combining the new metric indication
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