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1 Introduction
During RAN1 NR Ad-Hoc#2 and RAN1#90 meetings, RAN1 discussed relationship between radio link monitoring (RLM) and beam failure recovery, RLM reference signal (RS) configuration, and criterion for in-sync (IS)/out-of-sync (OOS) indication in RLM, and made the following agreements: 
Agreements from RAN1 NR Ad-Hoc#2 [1]:
· 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

Agreements from RAN1#90 [2]:
· NR supports RLM on PCell and PSCell only
· For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time

· FFS on interference measurement resource for each RS type

· Signal and interference measurements for a given CORESET may be performed by using same RX beam
· Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time
· Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM
· UE assumes same antenna port between hypothetical PDCCH and RS used for RLM
· FFS: UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
· NR supports to configure X RLM-RS resource(s)

· One RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port

· The RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM

· FFS: how to configure RLM-RS resources in case of SS/PBCH block based RLM

· FFS: whether/which the default RLM-RS resource(s) is defined

· FFS: whether configured RLM-RS resource(s) and RS(s) used for beam failure detection are same or different set

· FFS: in case of CSI-RS based RLM, which CSI-RS is used, beam management CSI-RS or L3 mobility CSI-RS

· FFS: if/how to configure interference measurement resource for RLM

· The symbols used for interference measurement can be same or different from the symbol from RLM-RS resource(s)
· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS: Y is configurable or fixed, and the value, e.g., Y=1

· Periodic OOS is indicated 
· If the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold

· FFS: The evaluation of OOS takes beam failure recovery procedure into account
· FFS: Aperiodic OOS

· NR supports x in-sync BLERs and x out-of-sync BLERs for a hypothetical PDCCH

· The number of different BLER values x in the range of [1 < x <= 3]
· FFS: One or more in-synch BLER and one or more out-of-synch BLER is configured per UE at a time

· FFS: Default one in-synch BLER and one out-of-synch BLER values are used if not configured.

· FFS: the values of the BLERs of for hypothetical PDCCH corresponding to x In-synch and x out-of-synch thresholds
In this contribution, we provide our views on relationship between RLM RS and RS for beam failure detection, aperiodic IS/OOS indication, and RLF cause recording and reporting with multiple IS/OOS BLERs. 
2 RS for RLM and beam failure detection
In RAN1 #90 meeting, it was agreed that beam failure is declared only when all serving control channels fail [2]. However, the metric (RSRP or hypothetical PDCCH BLER) to determine control channel’s failure is still open. Irrespective of which metric is used for beam failure detection, it is natural to assume that DL transmit (Tx) beams or DL Tx antenna ports of serving control channels for RLM and beam failure detection may be common or at least partially overlapped. 
Thus, RS resources for RLM may be the same as RS resources for beam failure detection, or the former may be a subset of the latter. For example, UE may monitor one or a few (e.g. 2~3) active DL beams for RLM and monitor a set of candidate beams (e.g. 8 beams) including the active beams for beam failure detection. For beam management, UE may periodically scan SS/PBCH blocks and/or configured CSI-RS resources (e.g. 32 beams). For CSI-RS based RLM, a subset of beam management CSI-RS resources can be configured as the RLM RS resources.  
Since UE’s RLM is to compare signal-to-interference and noise ratio (SINR) estimates with Qin and Qout threshold values, interference estimation should properly reflect the interference level of serving control channels. For SS/PBCH block based RLM, interference-level observed on SS/PBCH REs may be different from interference-level observed on a UE-specific or common CORESET, e.g., higher interference level estimated than actual interference level on the CORESET. Depending on deployment scenarios (e.g. dense cell deployment) and RLM RS types (CSI-RS vs SS/PBCH block), gNB may configure UE with separate RS resources for interference measurement, which can be used for RLM and additionally for CSI measurement.  
Proposal 1: RS resources for RLM are same as or a subset of RS resources for beam failure detection. 
3 Aperiodic IS/OOS indication 
3.1 Aperiodic in-sync indication
In multi-beam based network, UE may be re-configured with a new set of RLM RS resources associated with a new set of serving beams, if successfully completing beam recovery or serving beam update procedures. Configuration for the new set of RLM RS resources can be included in a beam recovery request response message during beam failure recovery procedure or in a RRC message reconfiguring serving beams during beam management. With the new set of serving control channels for RLM and corresponding RLM-RS resources, previous OOS indication(s) generated by failure of all the previous serving control channels should not make any further impact on RLF related procedure. Thus, aperiodic IS indication may be necessary in response to reception of a new RLM-RS resource configuration, if at least one OOS indication was reported or a RLF timer has been running. If the RLF timer has already been running at the UE, UE may stop the RLF timer receiving upon the new set of RLM-RS resources and accordingly the aperiodic IS indication. This would make UE avoid starting a RLF timer or declaring RLF due to the previous OOS indication(s), which indicates radio link quality of previous serving beams. 
Proposal 2: Aperiodic in-sync indication is provided to the higher layer, if UE receives configuration for a new set of RLM RS resources and at least one OOS indication was reported based on the previous RLM RS resources.
If a subset of the new serving control channels and a corresponding subset of the new RLM-RS resources are part of the previous serving control channels and previous RLM-RS resources, UE may combine previous measurements with new measurements and generate combined link quality metrics for RLM evaluation of the subset of the new serving control channels. For example, UE may consistently report a first serving control channel with high reference signal received power (RSRP) for a while (based on periodic beam reporting), and may trigger a beam failure recovery procedure due to temporary blocking on the first serving control channel. With the successful beam recovery procedure, UE may be re-configured with the first serving control channel (i.e. DL antenna port, beam) and a second serving control channel. As long as the newly configured second serving control channel is in good condition, UE would not report OOS. Also, if blocking in the first serving control channel goes away, the first serving control channel can also be used and may help UE not to enter to OOS or beam failure status. To assess radio link quality for the first serving control channel, UE may combine previous measurements (i.e. measurements performed before completion of beam recovery procedure) with new measurements (i.e. measurement performed after beam recovery) within a predefined evaluation period. However, to evaluate radio link quality for the second serving control channel, UE may only use new measurements on a newly configured RLM-RS resource corresponding to the second serving control channel.
Proposal 3: For IS/OOS evaluation of a newly configured serving control channel, UE uses only measurements on a newly configured RLM-RS resource associated with the newly configured serving control channel.
3.2 Aperiodic out-of-sync indication

An RLF timer is a network configured parameter, which indicates duration during which gNodeB can tolerate UE to be in unreachable state. The proper timer duration may be application-specific and/or deployment (frequency band, propagation environment) specific. One can argue that as long as the RLF timer is properly set, aperiodic indication based fast RLF declaration may not be necessary. If UE fails to find a new beam or fails to be configured with a new serving control channel(s) and a new RLM-RS resource(s), UE may continue to report OOS based on the current RLM RS and retry new beam identification after some time, until the RLF timer expires. In this way, UE can avoid frequently going through RRC re-establishment procedures due to temporary problems in radio link. However, for some UE applications and network deployment cases, it may be very unlikely that UE finds new beam(s) after beam failure detection, and immediate actions to re-establish RRC connection with a different cell may be necessary for better user experience. 
Thus, it may be beneficial for flexible network and UE operations to make support of aperiodic OOS indication configurable. That is, Layer 1 of UE may send to a higher layer an aperiodic OOS indication after ‘N’ number of beam recovery request transmission windows, where ‘N’ is configurable by gNB. UE running a RLF timer may declare RLF immediately after receiving the aperiodic OOS indication from the Layer 1. The value ‘N’ may be dependent on propagation environment in a cell along with network deployment and/or application or service types. In one example, ‘N’ may be set to one. If ‘N’ is set to infinity, the aperiodic OOS indication is not supported, but UE only depends on RLF timer for RLF declaration.
Proposal 4: Aperiodic OOS indication after ‘N’ number of beam recovery request transmission windows and RLF declaration based on aperiodic OOS indication are supported. ‘N’ is configurable by gNB.  
4 Configuration of IS/OOS threshold values
With multiple IS/OOS threshold values defined in a spec, UE may be configured with only one IS/OOS threshold configuration at a given time, and can be reconfigured with a different IS/OOS threshold configuration, e.g. according to the services established by the UE. Alternatively, UE may be configured with two pairs of (Qin, Qout) threshold values for IS and OOS evaluation at a given time, when UE has multiple active applications of two different service types, e.g. eMBB and URLLC.
In any case, given that RAN1 agreed to define multiple IS/OOS threshold values in a spec, it may be beneficial to define multiple ‘RLF cause’ values related to radio link problems, each of which corresponds to one pair of IS/OOS threshold values. Based on the multiple ‘RLF cause’ definitions associated physical layer problems, UE can record and report a differentiated level of radio link problems for a cell. This differentiated RLF recording may be useful for proper service provisioning by gNB, especially when the UE returns to the source PCell for RRC connection re-establishment.
Proposal 5: Support differentiated RLF cause recording and reporting by defining multiple ‘RLF cause’ values related to radio link problems, each of which corresponds to one pair of IS/OOS threshold values. 
5 Conclusion
In summary, we propose the followings for RLM and beam recovery procedure:

· Proposal 1: RS resources for RLM are same as or a subset of RS resources for beam failure detection. 

· Proposal 2: Aperiodic in-sync indication is provided to the higher layer, if UE receives configuration for a new set of RLM RS resources and at least one OOS indication was reported based on the previous RLM RS resources.
· Proposal 3: For IS/OOS evaluation of a newly configured serving control channel, UE uses only measurements on a newly configured RLM-RS resource associated with the newly configured serving control channel.
· Proposal 4: Aperiodic OOS indication after ‘N’ number of beam recovery request transmission windows and RLF declaration based on aperiodic OOS indication are supported. ‘N’ is configurable by gNB.  
· Proposal 5: Support differentiated RLF cause recording and reporting by defining multiple ‘RLF cause’ values related to radio link problems, each of which corresponds to one pair of IS/OOS threshold values. 
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