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1 Introduction

A Study Item on NR-based access to unlicensed spectrum [1] was approved at RAN#75 and discussions started in RAN1#92. One of the objectives of the study listed in [1] includes mobility in connected/inactive/idle mode operation and radio-link monitoring/failure.

This contribution discusses implications to the radio link monitoring (RLM) and the radio link failure (RLF) framework for NR when operating in the unlicensed spectrum.
2 Radio Link Monitoring for NR-Unlicensed
2.1 Support for RLM in NR-U 
In NR, the UE estimates the downlink radio link quality based on RLM-RS resources for the purpose of RLM. The lower layers are configured to periodically assess the radio link quality and transmits in-sync or out-of-sync indication to higher layers based on predefined Qin and Qout thresholds. The Qout threshold is defined as the level at which the downlink radio link cannot be reliably received and corresponds to 10% BLER (Block Error Rate) of a hypothetical PDCCH transmission. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and corresponds to 2% BLER of a hypothetical PDCCH transmission.
In unlicensed spectrum, although dependant gNB channel acquisition and RLM-RS transmission, the UE in connected mode needs to keep track of the radio link condition to be able to perform RLF and re-establishment when the channel quality is degraded. 
Observation 1: 
RLM should be supported in NR-U for same reasons as for NR licensed. 
RLM has been introduced in NR for both PCell and PSCell and since NR-U study comprise standalone as well as various dual connectivity scenarios, the same RLM schemes should be studied and possibly enhanced for NR-U.
Proposal 1:
NR-U supports RLM on the PCell of the MCG, at least for the stand-alone operation.  

Proposal 2:
NR-U supports RLM for the SpCell of the SCG for ENU-DC and NR/NR-U DC.  
2.2 RLM-RS and Measurements for RLM in NR-U 

In NR, a UE can be configured to perform RLM using up to X preconfigured RLM-RS resources. The RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs.The maximum number of RLM-RS is a function of carrier frequency. In licensed, the UE can rely on the periodicity of the RLM-RS transmissions.
Observation 2: 
In NR licensed, RS transmissions are known to occur at deterministic occasions.

In NR-U, the transmissions are preceded by LBT to enable a fair co-existence with both 3GPP and non-3GPP neighbours (e.g. Wi-Fi).

Unlike legacy RLM procedure, the NR-U RLM procedure cannot rely on periodic RLM-RS transmissions as the RLM-RS is not guaranteed to be transmitted in a fixed subframe/symbol occurring at well-defined periodicity. 
Observation 3:
The monitoring occasions for RLM-RS vary in time as a function of LBT for NR-U.  

A UE may assume that RLM-RS can be transmitted periodically at times when LBT succeeds. Additional transmission opportunities similar to opportunistic DRS for LTE LAA may be further discussed in RAN1  and should be considered by RAN 2, where for instance RLM-RS are transmitted within a window which starts at a certain periodicity.
Proposal 3:
Similar as for LTE LAA, RLM-RS can be transmitted within a predefined time window.  

2.3 Impact of LBT on RLM in NR-U 

RLM-RS transmissions may be subject to transmission uncertainty due to failed LBT. For example, upon failure of LBT, the RLM-RS transmission may be dropped. The UE might treat the absence of RLM-RS as a OOS condition. Such UE behaviour is undesirable due to following reasons:
a. The UE might trigger RLF and end up re-establishing to the same cell, resulting in interruptions data loss and unnecessary signalling.

b. From the network point of view, large number of UEs might trigger re-establishment during busy channel conditions, causing a signalling storm. 

The network could avoid this scenario by configuring higher values for T310 and/or N310 than licensed carrier. However, regardless of gNB transmissions opportunities, if the channel is degraded and the UE needs a fast recovery, these high values may induce longer service time interruption than licensed systems. 
Observation 4: 
The UE may spuriously detect radio link problem due to a channel being busy in a loaded cell when configured with a small value for T310 and/or for N310.
Observation 5: 
Large values for T310 and/or for N310 may led to service interruption time that are longer than for NR operation a licensed band.
Proposal 4:
The performance of RLM for NR-U standalone deployments should be no less than for NR-U deployment in a licensed band.
In NR, OOS and IS indications are based on RLM-RS monitoring and determination of the channel quality is based on thresholds.

However, in NR-U the UE may detect that the set of RLM-RS quality is below the threshold but cannot determine if it is due to network LBT or to channel link degradation. This ambiguity case should not be treated by the UE as an OOS state. 
Proposal 5:
The impact of out-of-sync indications from the physical layer occurring outside of the TXOP of the network should be mitigated with RLM for NR-U.

However, if the RLM_RS are absent for extended periods of time, and consecutive IS indications or no indications are generated, the UE will stay in a busy channel without triggering any recovery action. 
Thus, although the OOS indications outside TXOP may be treated with less severity than during TXOP, the UE should be able to detect that the channel is loaded/busy for extended periods of time, and perform appropriate recovery action. It is desirable for the network to configure the criteria for detection, for e.g. detection of consecutive RLM-RS absence over a time period.
Proposal 6:
A UE should trigger a recovery action when the RLM-RS have not been transmitted due to LBT for a long period of time.
3 Conclusion
This contribution discussed the design challenges associated with radio link monitoring procedure to support operation of NR in unlicensed spectrum. The following observations are made:

Observation 1: 
RLM should be supported in NR-U for same reasons as for NR licensed. 
Observation 2: 
In NR licensed, RS transmissions are known to occur at deterministic occasions.

Observation 3:
The monitoring occasions for RLM-RS vary in time as a function of LBT for NR-U.  

Observation 4: 
The UE may spuriously detect radio link problem due to a channel being busy in a loaded cell when configured with a small value for T310 and/or for N310.

Observation 5: 
Large values for T310 and/or for N310 may led to service interruption time that are longer than for NR operation a licensed band.

The following proposals are made:
Proposal 1:
NR-U supports RLM on the PCell of the MCG, at least for the stand-alone operation.  

Proposal 2:
NR-U supports RLM for the spCell of the SCG for EN-DC and NR/NR-U DC.  
Proposal 3:
Similar as for LTE LAA, RLM-RS can be transmitted within a predefined time window.  

Proposal 4:
The performance of RLM for NR-U standalone deployments should be no less than for NR-U deployment in a licensed band.
Proposal 5:
The impact of out-of-sync indications from the physical layer occurring outside of the TXOP of the network should be mitigated with RLM for NR-U.

Proposal 6:
A UE should trigger a recovery action when the RLM-RS have not been transmitted due to LBT for a long period of time.
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