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Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. This contribution discusses the procedure for Radio link monitoring (RLM), taking into account the beam-based nature of NR, especially beam failure (BF) events resulting from blockage events that could be experienced by UEs in mmWave channels.

Radio Link Monitoring RS (RLM-RS)
During RAN1#90 the following agreements were made regarding the RS(s) used for RLM: 
Agreements:
• 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
 
Agreements:
• Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time
 
Agreements:
· 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
 
Agreements:
· 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)

In order to accurately determine the IS and OOS status at the UE, the RLM metric (e.g. hypothetical PDCCH performance) should be computed on a per-beam basis (e.g. not utilizing a cell-quality metric) only for the beams which the UE is capable of monitoring for ongoing PDCCH/PDSCH transmissions. As a result, the set of resource(s) and RS(s) used for RLM may not be from the set as those configured for beam failure detection. In the case of SS/PBCH block based RLM, the RLM-RS resources should be UE-specifically configured. In case of CSI-RS based RLM the RLM-RS resources should be based on the same set of beams which are monitored for the purpose of beam recovery. 
Proposal 1: The set of resource(s) and RS(s) used for RLM may not be from the set as those configured for beam failure detection.
Proposal 2: RLM-RS resources are UE-specifically configured in case of SS/PBCH block based RLM.
Proposal 3: The RLM-RS resources should be based on the set of CSI-RS configured for beam management in case of CSI-RS based RLM. 

RLM Procedure
During RAN1#90 the following agreements were made regarding the RLM procedure:

Agreements:
· 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

Agreements:
· 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


In addition, RAN1 agreed to strive to assist the RLF procedure through aperiodic indications based on the beam failure recovery procedure as shown in Figure 1. For example an out-of-sync indication may be triggered once all the serving/monitored beams of the UE have experienced beam failure for a configured number of consecutive intervals, while an in-sync indication may be triggered (aperiodically) once one or more of the beams are restored as part of a beam recovery procedure.
[image: ]

Figure 1: Beam recovery and RLM/RLF procedures

In the above agreement it is an FFS point is whether aperiodic IS/OSS indications may be provided based on the outcome of beam recovery procedures if a different RS is used for RLM and beam management. The utilization of such indications could be still possible even if different RS are utilized since the network can control the timing of the RS and the beamforming associated with each RS (e.g. the same wide or narrow beams). However, this is more of an implementation consideration and depending on the network configuration or deployment scenario should be configurable.
Proposal 4: The use of aperiodic out-of-sync indications based on a beam failure recovery procedure (using the same or different RS as used for RLM) to assist the RLF procedure should be configurable for a UE.
Also, we observe that the above agreements leave an area of uncertainty in the UE’s behaviour under some circumstances. Per the agreement, periodic IS is indicated if the estimated link quality on at least Y RLM-RS resources is greater than Q_in threshold. When Y > 1, but Y < X, when estimated link quality of Z RLM-RS resources is greater than Q_in threshold, where 0 < Z < Y, no IS indication is sent. Moreover, in this condition no OOS indication is also sent since based on above agreement, periodic OOS IS is indicated only when estimated link quality of all X configured RLM-RS resources is less than Q_out threshold. 
Observation 1: Current RAN1 agreement regarding periodic IS indication leaves an area of uncertainty regarding UE behaviour when Y > 1, Y < X, and estimated link quality of Z RLM-RS resources is greater than Q_in threshold, where 0 < Z < Y. 
We propose that this issue should be discussed by RAN1 to remove any uncertainty in UE behaviour when Y > 1 and Y < X. Considerations for discussion may include organization of X RLM-RS resources into CORESET groups as further discussed in Section 4. The value of Y should be considered after considering proposals related to multiple thresholds and CORESET grouping. 
Proposal 5: RAN1 should discuss the issue of uncertainty in UE behaviour for periodic IS indication when Y > 1 and Y < X.
RLF BLER Thresholds
During RAN1#90 the following agreements were made regarding the use and configuration of BLER thresholds:
Agreements:
• 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

The thresholds used for the RLM metric – the hypothetical PDCCH performance – are computed based on the beams which the UE is monitoring for ongoing PDCCH/PDSCH transmissions. The beams used for monitoring the ongoing PDCCH transmissions can be divided into multiple sets, such that each set corresponds to one control channel resource set (CORESET). 
Observation 2: The beams used for RLM measurements correspond to different CORESETs. 
NR supports x in-sync and x out-of-sync BLER values for this hypothetical PDCCH evaluation, where 1<x<=3.  The CORESETs corresponding to the different beam sets, can further be grouped into CORESET groups, such that each of the defined x in-sync or x out-of-sync thresholds can correspond to one CORESET group. 
Proposal 6: CORESETs used for RLM measurements are grouped into CORESET groups
Proposal 7: The x in-sync and x out-of-sync BLER thresholds correspond to different CORESET groups.
CORESET groups can correspond to different service requirements, such as for example URLLC traffic or eMBB traffic. One example of a use case of defining different RLM thresholds corresponding to different CORESET groups is when we have dual connectivity on different frequencies, where URLLC is on sub 6GHz PCell, and eMBB is on mmWave PSCell. 
Observation 3: CORESET groups can correspond to different service requirements 
Conclusion

This contribution made the following proposals on RLM-RS and procedure:

Observation 1: Current RAN1 agreement regarding periodic IS indication leaves an area of uncertainty regarding UE behaviour when Y > 1, Y < X, and estimated link quality of Z RLM-RS resources is greater than Q_in threshold, where 0 < Z < Y. 
Proposal 1: The set of resource(s) and RS(s) used for RLM may not be from the set as those configured for beam failure detection.
Proposal 2: RLM-RS resources are UE-specifically configured in case of SS/PBCH block based RLM.
Proposal 3: The RLM-RS resources should be based on the set of CSI-RS configured for beam management in case of CSI-RS based RLM. 
Proposal 4: The use of aperiodic out-of-sync indications based on a beam failure recovery procedure (using the same or different RS as used for RLM) to assist the RLF procedure should be configurable for a UE.
Proposal 5: RAN1 should discuss the issue of uncertainty in UE behaviour for periodic IS indication when Y > 1 and Y < X.

The following observations and proposals were made regarding the RLF BLER thresholds:
Observation 2: The beams used for RLM measurements correspond to different CORESETs. 
Observation 3: CORESET groups can correspond to different service requirements. 
[bookmark: _GoBack]Proposal 6: CORESETs used for RLM measurements are grouped into CORESET groups.
Proposal 7: The x in-sync and x out-of-sync BLER thresholds correspond to different CORESET groups.
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