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1 Introduction

The design of connectivity supervision for NR operating in high frequencies will depend on how beam management is performed in L1.  During the NR SI, RAN1 has made a number of agreements on beam management and beam recovery:
In RAN1#88 [1]: 

	· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs

· Note: here the beam pair link is used for convenience, and may or may not be used in specification

· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH

· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 

· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH

· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded

· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE

· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH

· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 

· Note: the criterion for declaring radio link failure is for RAN2 to decide.

· FFS: The necessity of such indication

· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols




In the contribution, we discuss radio link supervision for NR in more detail.
2 Radio Link Supervision
2.1 Radio Link Monitoring in LTE
In LTE the radio link quality of the primary cell(s) (e.g. PCell or PSCell) is monitored by the UE for the purpose of indicating out-of-synch/in-sync status to higher layers.  The radio link monitoring is based on CRS measurements and estimated channel quality is compared with an in-sync and out-of-sync threshold (Qin and Qout).  The measurements are estimates of the PDCCH BLER that would be achieved by the PDCCH, and the corresponding thresholds are defined as 2% and 10% PDCCH BLER for Qin and Qout respectively.  
In LTE, following N310 consecutive out-of-sync indications from L1, the UE starts a recovery timer (T310).  This recovery timer is meant to allow L1 to recover from the out-of-sync condition before RLF.  If L3 does not receive in-sync indication prior to timer expiry, the UE declares RLF and initiates RRC re-establishment.
Observation 1:
In LTE, radio link monitoring (e.g. in-synch/out-of-synch reports) is used to enable higher layers to detect physical layer problems 

In case a RLF is detected on the MCG a RRC connection re-establishment is triggered and in case an RLF is declared on the SCG, the UE notifies the MCG of the failure via RRC signalling.  
2.2 Radio Link Monitoring in NR
For NR we think that a similar principle to LTE should be used.  The UE should have means to measure a radio link quality and estimate whether the UE is in-synch or out-of-synch.  Even though the reference signal design in NR has not yet been finalized in RAN1, the UE should be able to measure a reference signal that reflects the radio link quality of an associated control channel.  The details of the RS design and how it reflects control channel quality can be left to RAN1.  This reference signal should be scheduled frequently enough to allow the UE to perform the measurements and respond to degrading channel quality conditions in a timely manner.
Proposal 1 Radio link monitoring should be performed at least on reference signals that reflect the radio link quality of a control channel
To ensure connectivity and reliable SRB transmission RLM should at least be performed for the Primary Serving Cell.  Similar to dual connectivity, RLM should also be performed on the PSCell.  This would allow the UE to report to the MCG when RLF on SCG is detected and MCG can reconfigure the UE accordingly.
Proposal 2 RLM should be performed at least for a radio link associated to a Primary Serving Cell and PSCell

RAN1 has defined a control channel resource set in which blind decoding is performed.  A UE may monitor for downlink control information in one or more control channel resource set(s), where each may be associated with a given numerology, have different reference signal and independent search spaces.  It would therefore be possible to schedule a UE independently in each of the control channel resource sets.    
UEs supporting multiple services may be also be configured to monitor separate control channels (e.g. for URLLC and eMBB/SRB) which may have different desired BLER targets and/or experience different radio link conditions.  

Observation 2: 
Unlike LTE, in NR a UE may be configured to monitor different control channel resource sets with different channel characteristics (e.g. numerology, beams, TRPs, etc) and different BLER targets
It is therefore desirable to allow the UE to estimate and measure the radio link quality associated to different control channels to ensure a certain minimum target BLER is maintained for the associated service.  This is particularly important for control channels scheduling SRBs or URLLC type of traffic.   
In this case, the UE would need to perform RLM independently on such  control channels.  
Proposal 3 The UE can be configured to perform RLM independently for each control channel 

In LTE, a single Qin/Qout criteria is used to asses the radio link quality.  In NR, however, different services (e.g. URLLC and eMBB/SRB) may have vastly different requirements and as a result the network should have the ability to configure the RLM quality targets (e.g. Qin/Qout) independently for each control channel.

Proposal 4 The UE can be configured with RLM quality targets for each control channel independently
Another significant difference with NR compared to LTE is the use of multiple beams at higher frequency.  RAN1 has defined a beam management process where the UE will continuously measure a set of candidate beams and switch between beam in the candidate set.  A beam recovery procedure will further be triggered when the UE is unable to use a beam in the candidate set.

A UE can monitor multiple beams or beam pair links associated with a control channel.  If there is blocking in one of the beams, the network can schedule the UE with another of the beams serving the UE for PDCCH.  Such beam switching for scheduling on the control channel is part of the beam management process and should be transparent to L3.  As a result, any RLM-related measurement reported to L3 should take into account the set of beams being used to schedule PDCCH, and in our view there is no need to report measurements separately for each beam.

In addition, a UE may use separate beams for control and data channel (e.g. wide beams for control channel and narrow beams for high throughput data channel).  RLM is therefore needed at least on the control channel, as discussed above.  However, it may be possible that separate RLM-like measurements for supervision would be needed on the data channel itself since the channels are beamformed differently.  
However, the need for a separate supervisory process/measurements visible at L3 is not entirely clear.  
Proposal 5 
A single RLM-related measurement is reported to L3 for all beams associated with a specific control channel

The radio link monitoring function should be used as input to RLF determination.  Similar to LTE, the functions of RLM measurements and RLF determination should be split between L1 and L3 respectively. Layer 1 is responsible for performing radio link measurements and assess radio link quality on a frame/sub-frame basis (RAN1-dependent) and Layer 3 takes those measurements into account to determine when it should initiate a recovery action or when to report certain problems to the network.  Therefore, the UE should use the input from the RLM function to determine in-synch/out-of-sync and report these measurements to Layer 3 on a periodical basis.  

Based on this information Layer 3 can trigger RLF if out-of-synch condition persists for a given period of time.  Criteria to trigger RLF and UE’s actions related to RLF are discussed in more details in our companion contribution [2].  
Proposal 6 Layer 1 provides periodic in-synch/out-of-synch indications to L3 according to the RLM quality target for each control channel
3 Conclusion

In this contribution the following observations we made related to RLM for NR:
Observation 1:
In LTE, radio link monitoring (e.g. in-synch/out-of-synch reports) is used to enable higher layers to detect physical layer problems 

Observation 2: 
Unlike LTE, in NR a UE may be configured to monitor different control channel resource sets with different channel characteristics (e.g. numerology, beams, TRPs, etc) and different BLER targets
Based on this, the following proposals were made:
Proposal 7 Radio link monitoring should be performed at least on reference signals that reflect the radio link quality of a control channel

Proposal 8 RLM should be performed at least for a radio link associated to a Primary Serving Cell and PSCell

Proposal 9 The UE can be configured to perform RLM independently for each control channel 

Proposal 10 The UE can be configured with RLM quality targets for each control channel independently

Proposal 11 
A single RLM-related measurement is reported to L3 for all beams associated with a specific control channel

Proposal 12 Layer 1 provides periodic in-synch/out-of-synch indications to L3 according to the RLM quality target for each control channel
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