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1. Introduction
In this contribution, we discuss radio link monitoring measurements and procedures related to radio link failure declaration.
	Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.
Agreements:
· The RS used for RLM should have following properties 
· Periodic transmission with short enough periodicity
· Wideband transmission relative to bandwidth of active bandwidth part
· Supporting both single beam and multi-beam operations
· Representing control channel quality
· Both CSI-RS based RLM and SS block based RLM are supported
· FFS: whether or not only a single type of RS is configured to UE for RLM at a time
Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used


 
2. In-Sync and Out-Of-Sync Report
The In-Sync (IS) and Out-Of-Sync (OOS) report was agreed to be based on SINR-like metric, for example a hypothetical PDCCH BLER. This is similar to LTE. However, unlike LTE, NR systems would support multiple beam operations both at the gNB side and also at the UE side. From the agreements in RAN1 #89, UE would generate a single IS/OOS report regardless of number of beams available in the cell. This implies that the UE will try to monitor all available gNB Tx beams and from it try to generate IS/OOS report.
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[bookmark: _Ref490128256][bookmark: _GoBack]Figure 1. IS/OOS generated with Rx beam of the UE that belongs to the current configured beam pair link (BPL)

Tx and Rx Beam assumptions for IS/OOS evaluation
SINR of a link can vary significantly depending on the combination of Tx beam and Rx beam. It is impractical for the UE to generate IS/OOS considering all possible beam pair link (BPL) from all combination of Tx and Rx beam. NR UEs are expected to be configured with a particular BPL that it would use for regular data reception. Therefore, we propose that IS/OOS be generated using a single Rx beam that corresponds to the Rx beam of a BPL that is configured for regular data reception. Furthermore, the IS/OOS should be based on the best Tx beam available based on the reference Rx beam. If the IS condition cannot be met even with the best Tx beam, other Tx beam would also fail IS conditions. An illustration is shown in Figure 1.
In order to compute SINR-like metric, such as a hypothetical BLER, the UE needs to now only measurement the signal quality of the serving cell, but the overall interference and noise power as well. The interference and noise should be estimated from the reference Rx beam, which is determined by the currently configured BPL. Using the same Rx beam, the UE would measure the best Tx beam from the serving cell and measure the interference and noise. This would allow the UE to determine SINR metric, which can be used to determine a hypothetical BLER of PDCCH.
Proposal 1:
· IS/OOS report is evaluated using a reference Rx beam, which is determined by the currently configured beam pair link (BPL), and best (i.e. strongest) Tx beam of the serving cell. 

Periodicity of IS/OOS
RAN1 has agreed to provide a periodic reporting of IS/OOS. For the UE to make such periodic reporting, UE must also know the evaluation period of the reference signal (RS) for computing IS/OOS. The available RS for RLM are SS blocks and CSI-RS, which both can be configured to have various transmission periodicity. The measurements for IS/OOS can be only conducted when RS is being transmitted. Therefore, IS/OOS reporting periodicity should be configured to be equal to the periodicity of RLM-RS. Figure 2 shows an illustration of IS/OOS reporting periodicity
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[bookmark: _Ref490141660]Figure 2. Illustration of IS/OOS reporting periodicity
Proposal 2:
· IS/OOS reporting periodicity is configured as same as configured RS periodicity for RLM.

IS/OOS Conditions
The actual metric for determining IS or OOS is currently undetermined for NR. Although they may be few candidates for this, RS-SINR and hypothetical PDCCH BLER are the most promising candidates. Between the two candidates, hypothetical PDCCH BLER has the benefit of being able to capture the receiver performance of the UE into the IS/OOS condition metric. For example, if the UE has ML or SIC-like advanced receivers that allow to receive signals reliably at low SINR conditions, the hypothetical PDCCH BLER would able to capture these implementation choices. The improved performance of the advanced receivers would be captured into the BLER estimate. Therefore, we propose that hypothetical PDCCH BLER to be used as the metric for determining IS/OOS conditions.
Proposal 3:
· Hypothetical PDCCH BLER to be used as the metric for determining IS/OOS conditions.



3. Conclusions
	In this contribution, we discussed RLM reference signals and how the radio link quality should be determined.  Our proposals are summarized as below:
Proposal 1:
· IS/OOS report is evaluated using a reference Rx beam, which is determined by the currently configured beam pair link (BPL), and best (i.e. strongest) Tx beam of the serving cell. 

Proposal 2:
· IS/OOS reporting periodicity is configured as same as configured RS periodicity for RLM.
Proposal 3:
· Hypothetical PDCCH BLER to be used as the metric for determining IS/OOS conditions.
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