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In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-75, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. One objective is to:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
In this contribution, we will discuss radio link monitoring (RRM) and radio link failure (RLF) in NR-U, highlight some considerations that are different in NR-U than in NR.
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In NR, radio resource management (RRM) follows similar principles as in LTE. That is, an RRC_CONNECTED UE is configured with three types of RRM measurements:
· Intra-frequency measurements;	
· Inter-frequency measurements, and
· Inter-RAT measurements
For each measurement type, one or several measurement objects can be defined that specify how the RRM measurements should be performed. For each measurement object, on the other hand, one or more reporting configurations can be specified. Reporting configuration defines the reporting criteria that can be either periodic or event triggered. So far, in NR, the A1 – A6 events as in LTE have been defined. Finally, an association between a measurement object and a reporting configuration is created via measurement identity. This way it is possible to link several reporting configurations to one measurement object or conversely one reporting configuration to several measurement objects. Moreover, the UE can be configured with quantity configuration that specifies how the UE should perform layer-3 filtering on the measurements, and also with measurement gaps to allow the UE to perform the required measurements.
While the RRM measurements described above is very similar to LTE, there are several important differences, stemming mainly due to the extensive use of beamforming in NR. More precisely, in NR reference signals used for RRM measurements will be likely transmitted in narrow beams. Moreover, a single cell can be covered with several narrow beams as opposed to the LTE where a cell is covered with a wide (sector-type) beam. This means that the cell quality (which is determined at RRC layer) can be derived based on several beams (whose quality is determined at physical layer). In fact, cell quality is derived with linear average of the best beam with up to (N-1) beams above an absolute threshold, sorted in terms of their signal strength. Both N and the absolute threshold are configurable in NR. Additionally, there are the following differences in RRM measurements between NR and LTE:
· In NR, the only supported inter-RAT measurements is LTE measurements.
· The measurements can be based on two types of reference signals: (i) synchronization signal (SS) blocks and (ii) CSI-RS.
· The reporting criteria can be based on either RSRP, RSRQ and SINR, and depending on this, the UE can include up to X (configurable) beams in its measurement reports.
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An RRC_CONNECTED UE in NR is provided with up to X configurable and frequency-dependent reference signals that can be used for radio link monitoring (RLM). Both SS block and CSI-RS can be used as RLM reference signals. Hypothetical block error rate (BLER) is used to determine in-sync (IS) or out-of-sync (OOS) conditions for both reference signal types. A UE assumes to be IS, if at least one out of the X configured RLM reference signals is estimated to have a hypothetical BLER below a configurable threshold. On the other hand, the UE assumes to be OOS, if all configured RLM reference signals are estimated to have hypothetical BLER above yet another configurable threshold.
As in LTE, upon reception of enough OOS indications, the UE starts a timer, denoted by T310. If the radio link problem is not resolved upon T310 expiry, the UE declares radio link failure (RLF). Moreover, a failure in random access and/or RLC failure can also result in RLF. After the UE declares an RLF, it stays in RRC_CONNECTED state and tries to initiate RRC re-establishment by finding a suitable cell. If that process is not successful within a certain time, the UE will enter RRC_IDLE state.
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As mentioned above, in NR a UE is provided with up to X number of RLM reference signals and the UE assumes to be in-sync as soon as any of those reference signals satisfy the desired BLER target. As the reference signals can be absent due to LBT in NR-U, to increase the reliability of RLM procedure, one can increase the maximum allowed RLM reference signals X to provide the UE with more RLM resources. However, that would obviously increase implementation complexity, and hence should be confirmed with RAN4.
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[bookmark: _Toc509834929]Additionally, since hypothetical BLER estimation is performed on each RLM resources to indicate in-sync (IS) or out-of-sync (OOS), we need to consider how this should be reflected when an RLM reference signal is not transmitted due to LBT. In other words, absence of RLM resources should not necessarily create OOS indication, as the UE might be in the coverage of that RLM reference signal. However, only following such principles can result in unacceptable delays in declaring RLF as the UE will not indicate OOS if it cannot detect any of its configured RLM resources. 
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Proposal 1	RAN2 should consider allowing for more RLM resources to increase the reliability of RLM procedures.
Proposal 2	Procedures to declare in-sync/out-of-sync should take into account the possible lack of reference signals due to LBT.
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