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Introduction
[bookmark: _Hlk528065575][bookmark: _GoBack]For operation in unlicensed spectrum, LBT-operation may be applied prior to any transmission.  Due to LBT failures in DL transmissions, a UE may miss the reception of RLM RSs. Due to LBT failures in UL transmissions, a UE may not be able to perform an uplink transmission in time. For either of reasons, additional latency may be incurred for the UE to be able to detect an RLF in time. Therefore, we may need to consider the impact of LBT failures into account and make necessary enhancements to the existing RLM/RLF procedure for NR-U. In this paper we discuss the issues and propose solutions to enhance RLF to combat LBT failures for DL RS monitoring, in addition, we have an accompanying paper focusing on the RLM/RLF procedure with impact of UL LBT failures.
[bookmark: _Ref1080288]Discussions
[bookmark: _Hlk528094442]RLF triggering procedure
One of the main intentions of RLF procedure in LTE/NR is to assist the UE to perform a fast and reliable recovery without going via RRC_IDLE. It is beneficial to avoid unnecessary latency due to the RACH access in RRC IDLE. The procedure on radio link monitoring (RLM) and radio link failure detection/recovery is illustrated in Figure 1.

[image: ]
Figure 1 example on RLM and RLF triggering and RRC reestablishment procedure.
In LTE and NR licensed, there are several reasons that may lead to the radio link failure, including
1) Timer T310 expiry
While the UE is in RRC connected mode, the UE monitors the downlink radio channel quality based on the downlink reference symbol. The UE compares the measured downlink channel quality with the out-of-sync and in-sync thresholds, Qout and Qin respectively.  The physical channel evaluates the downlink channel quality, periodically sends indication on out-of-sync (OOS) or in-sync (IS), to layer 3. The UE layer 3 then evaluates if the radio link failure based on the in-sync and out-of-sync indications, that output from the layer 3 filter. When the consecutively received out-of-sync indications are beyond the counter N310, a timer T310 is started. While T310 is running, the radio link considered to be recovered if the UE consecutively receives N311 in-sync indications from the physical layer. 
When the timer T310 is expired, a radio link failure is declared by the UE.
2) Maximum number of RLC retransmissions in uplink is reached
3) Upon random access problem indication which means that PRACH preamble transmissions have reached the maximum counter (i.e., PREAMBLE_TRANSMISSION_COUNTER)

During an RLM procedure, the RLM RSs may be subject to LBT failures. Therefore, a UE may miss one or several RS receptions, which would impact on triggering of RLF. 
[bookmark: _Toc1080239]In DL, RLM RSs may be blocked by LBT failures, which may delay triggering of RLF. 
[bookmark: _Toc1080240]In UL, an RLF can be triggered by either maximum number of RLC retransmissions has been reached or maximum number of PRACH preamble transmissions has been reached.  
Improved handling procedure for LBT failures
We have an accompanying paper covering UL LBT aspects [2], in this written paper, we focus only on DL aspects.
As described in the section 2.1, the transmission of DL RSs e.g., DRS, SS/PBCH blocks, CSI-RS may be subject to LBT failures, therefore, may negatively impact detection of IS/OOS of a UE in time. The existing RLM BLER based measurement RLM framework may be necessary to update in order to take into account the impact of LBT failures, since an absence of RLM resources may need to be treated separately compared to a measurement sample with bad radio channel quality.
[bookmark: _Toc536818394][bookmark: _Toc536818408][bookmark: _Toc536818410][bookmark: _Toc536818436][bookmark: _Toc536818441][bookmark: _Toc536818445][bookmark: _Toc784835][bookmark: _Toc1030897][bookmark: _Toc1080241]NR-U enhances the existing RLM framework to reflect the impact of missed DL RLM RS transmissions due to LBT failures.
It is expected that there may be two options to reflect the impact of an absence of RLM resources in the RLM model.
Option 1: the event of UE not detecting DL RLM RS transmissions is considered into the evaluation of L1 OOS, for example, captured as a weighted error sample which factors. It is up to UE implementation on choice of the weight factor.
Option 2: a separate maximum counter (optionally, may define a maximum timer period for not detecting any DL RLM RS transmission) for missed RLM RS transmissions.
Compared to Option 1, Option 2 may react to the case that the UE has consecutively detected missed DL RS receptions faster, since Option 1 may adopt a conservative weight factor. In other words, if Option 1 considers a suitable weight factor for events of not detecting DL RLM RS, both Options may end up as the same correspondence. On the other hand, it is beneficial to give better network control on UE behaviours as with Option 2, compared with Option 1. 

Whether and how to reflect the impact of not detecting DL RLM RS transmissions, is still under discussion in RAN1 [2][3]. Therefore, which option shall be chosen relies on discussion outcome at both RAN1 and RAN2. 
[bookmark: _Toc536818437][bookmark: _Toc536818442][bookmark: _Toc536818446][bookmark: _Toc784836][bookmark: _Toc1030898][bookmark: _Toc1080242]To capture the impact of not detected DL RS transmissions due to LBT failures, RAN2 together with RAN1 to select one of below two options, i.e., 
a. [bookmark: _Toc536818444][bookmark: _Toc536818447][bookmark: _Toc784837][bookmark: _Toc1030899][bookmark: _Toc1080243]Option 1: the event of UE not detecting DL RLM RS transmissions is considered into the evaluation of L1 OOS,.
b. [bookmark: _Toc536818438][bookmark: _Toc536818443][bookmark: _Toc536818448][bookmark: _Toc784838][bookmark: _Toc1030900][bookmark: _Toc1080244]Option 2: a separate maximum counter (or timer) for missed RLM RS

[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
[bookmark: _Hlk528066018]In section 2 we made the following observations:

Observation 1	In DL, RLM RSs may be blocked by LBT failures, which may delay triggering of RLF.
Observation 2	In UL, an RLF can be triggered by either maximum number of RLC retransmissions has been reached or maximum number of PRACH preamble transmissions has been reached.

Based on the discussion in section 2 we propose the following:
Proposal 1	NR-U enhances the existing RLM framework to reflect the impact of missed DL RLM RS transmissions due to LBT failures.
Proposal 2	To capture the impact of not detected DL RS transmissions due to LBT failures, RAN2 together with RAN1 to select one of below two options, i.e.,
a.	Option 1: the event of UE not detecting DL RLM RS transmissions is considered into the evaluation of L1 OOS,.
b.	Option 2: a separate maximum counter (or timer) for missed RLM RS
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