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1. Introduction

A study item proposal on NR-based Access to Unlicensed Spectrum [1] was approved in RAN-75. The study will address the following architectural scenarios (RAN2): 

· 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 6 GHz (limited to below 52.6GHz)

· Consider similar forward compatibility principles made in the NR WI 

· Initial access, resource allocation, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods between NR-based operation in unlicensed and LTE-based LAA and other incumbent RATs in accordance with regulatory requirements (e.g., 5GHz, other bands [e.g., TR 36.xx])
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements over these methods should not be precluded. 
In RAN1 #93 meeting, there was some discussion on RLM and the following agreement was achieved [2]:
Agreement:

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

In this contribution, we will discuss some detailed issues related to RLF/RLM in NR-U due to the LBT impact and also give some possible solutions to enhance the RLF/RLM mechanism.
2.  Radio link failure
In LTE, in order to monitor the radio condition of downlink, RLF/RLM mechanism was introduced. The UE shall measure the reference signal (RS) and compare it to the thresholds Qout and Qin. If the estimated quality of downlink is below the threshold Qout, the PHY layer should generate and deliver an OOS (out-of-sync) indication to the higher layer while in case of estimated quality is above the threshold Qin, an IS (in-sync) indication is generated and indicated. After reception of enough consecutive OOS indications, indication of radio problems is delivered from PHY layer and a timer is started. If enough consecutive IS indications are received before the timer expires, which means radio problems are recovered, UE stops the timer, otherwise, radio link failure (RLF) is declared. In NR, similar mechanism was agreed to be adopted and both SSB and CSI-RS which is transmitted periodically at specific time instants can be used as the RS (reference signal) for RLF/RLM measurement. 
Based on TS 38.300, the UE declares Radio Link Failure (RLF) when one of the following criteria are met:

-
Event 1: Expiry of a timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer);

-
Event 2: Random access procedure failure;

-
Event 3: RLC failure.

Since we agreed to use the NR licensed design as a baseline, therefore the above events to declare RLF can be used as a baseline for NR-unlicensed cell. 
Proposal 1: the events defined in TS 38.300 to declare RLF on licensed cell can be used as baseline for NR-U.
However, in unlicensed spectrum, LBT is applied before performing a transmission including RLF/RLM RS transmission. There is no certainty that the channel can be accessed at the time instances when the reference signal is to be transmitted. If LBT is failed, the transmission will be dropped. But from the UE’s perspective, if the UE is not aware of this dropped transmission and may take this estimated radio link quality as below the threshold OOS, an OOS indication is generated and delivered from PHY layer to higher layer. However this OOS cannot represent the actual quality of the downlink radio link since no RLF/RLM RS has been transmitted at all. In addition, if enough consecutive OOS indications are received, RLF timer may be started or RLF timer may not be stopped when running due to this break of consecutive IS indications. Therefore, as mentioned above, in this case, UE may declare RLF if radio problems are not recovered before the timer expires. However, it is quite possible that in fact the radio quality of the downlink channel is good enough for PDCCH transmission but due to collision among UEs access to the unlicensed channel, LBT failed, which in turn results in unnecessary RLF declarement. Therefore, it makes sense to introduce some enhancement on RLF/RLM mechanism to solve the issue of absence of the RS due to LBT failure. 
Observation 1: The absence of RLM RS due to LBT failure may cause unnecessary RLF.
Proposal 2: RAN2 to study mechanism to solve the issue of absence of the RS due to LBT failure.
Furthermore in licensed cell, when DC is configured, the UE will 

· Initiate re-establishment procedure when RLF is declared on MN.

· Initiate RLF reporting on MN when RLF is declared on SN.
In DC scenario with unlicence cells operating as SpCell, the UE may declare RLF inaccurately as mentioned above. In that case it is arbitrary action that re-establishment procedure is initiated and all DRBs will be suspended for transmission and reception on both MN and SN when RLF is declared on MN while SN is good. Interruptions will happen due to re-establishement procedure. To decrease interruption, the UE initiates a RLF reporting on SN instead while keeps data transmission/reception on SN. When MN is good while SN is not, the UE initiates RLF reporting on MN as in Rel-15 NR. However some assistant information, e.g. LBT result, may need to be included in RLF report to assist network to determine whether RLF is declared due to the absence of RS or not. Only when RLF is not declared due to the absence of RS, SCG change or handover can be performed. And when both MN and SN are not good, the UE shall initiate reestablishment procedure to select a suitable cell.
Proposal 3: RLF reporting procedure should be initiated when only SN RLF or MN RLF occurs.
Proposal 3 bis: Some assistant information,e.g.,  LBT result can be included in RLF report.
Proposal 4: Reestablishment procedure should be initiated when both SN RLF and MN RLF occur.
3. Conclusion

In this contribution, we discuss about the RLF in NR-U and we have the following observation and proposals 
Observation 1: The absence of RLM RS due to LBT failure may cause unnecessary RLF.
Proposal 1: the events defined in TS 38.300 to declare RLF on licensed cell can be used as baseline for NR-U.
Proposal 2: RAN2 to study mechanism to solve the issue of absence of the RS due to LBT failure.
Proposal 3: RLF reporting procedure should be initiated when only SN RLF or MN RLF occurs.
Proposal 3 bis: Some assistant information,e.g.,  LBT result can be included in RLF report.Proposal 4: Reestablishment procedure should be initiated when both SN RLF and MN RLF occur.
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