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1. Introduction

In last meeting, the agreement for the basic operation of RLM was made, which is similar to LTE (based on hypothetical PDCCH BLER). In addition, candidates of measurement signals for RLM was listed as follows. [1]
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In this contribution, we discuss the details of RLM operation and reference signal to measure IS/OOS metric based on the agreement in last meeting.
2. Discussion
Definition of Radio Link Failure (Out-Of-Sync state) in multi-beam scenario

In multi-beam scenario, UE should track the best beam among configured beams by a cell and report it to serving cell. Sometimes, it occurs that UE does not successfully track the best beam, and UE experiences very poor channel quality for serving beam and tries to recover channel quality, which is called beam recovery as well known. During beam recovery procedure, UE could not temporarily exchange data packet with the base station due to the serving beam with poor quality, which means that UE is in out-of-sync state from some aspects. However, UE could potentially communicate with gNodeB if the new beam with good quality exists, which may mean that UE is in in-sync state from other aspects. According to discussion, it is needed to determine how out-of-sync state is defined in multi-beam scenario, and it can be listed as follows. 
· Option 1 : When channel quality of RS (to be measured for RLM) corresponding to serving beam is worse than the threshold Qout : The event corresponds to beam failure and is considered as a kind of out-of-sync state. Therefore RLM procedure can be jointly designed with beam management ( & recovery) with option 1
· Option 2 : When channel quality of RSs (to be measured for RLM) for all beams is worse than the threshold Qout : In this case, beam failure does not corresponds to out-of-sync state due to possibility of successful beam recovery, and the event for beam recovery failure needs to be defined as a kind of RLF. Therefore, RLM procedure can be separately designed with beam failure (& recovery) with option 2.
Proposal 1. Two options can be provided for the definition of RLF (OUT-OF-SYNC state) as follows :
· Option 1. When channel quality of RS (to be measured for RLM) corresponding to serving beam is worse than the threshold Qout
· Option 2. When channel quality of RSs (to be measured for RLM) for all beams is worse than the threshold Qout
According to option, RLF can be designed jointly or separately with beam failure & recovery procedure.
Next, it should be discussed what channel is used as the reference channel for determining the pre-defined level. PDCCH was referred to as the reference channel in last meeting and the further discussion is needed about whether PDCCH in U-SS and/or PDCCH in C-SS is used in next meeting. It is related to which search space is used for transmission indication of UE dedicated control message for call management. Usually, the UE dedicated message is usually indicated over U-SS if the fall-back mode is not defined. So, if the fall-back mode for transmission of dedicated message through common search space is not defined, it is preferable that PDCCH in U-SS is defined as reference channel for hypothetical PDCCH detection rate.
Proposal 2. PDCCH in U-SS is defined as reference channel for hypothetical PDCCH detection rate.
In general, radio link failure (recovery) means that a UE in connected mode loses RRC connection and tries to re-establish RRC connection by exchanging the control message with network for recovery. Therefore, if PCell (and/or PSCell) is defined in NR system, UE needs to monitor radio link quality for only PCell (and/or PSCell) as a target cell for RRC connection management. Otherwise, network can configure the target cell (and bandwidth part in the cell in case multiple bandwidth parts is allocated to UE) to measure radio link quality and exchange the control message with.
Proposal 3. IS/OOS indication for RLM is performed in cell-level only for the cell to be configured by network, and network specifies which bandwidth part in the cell can be monitored in case multiple bandwidth part is configured to UE.
Reference channel/signal for RLM
First of all, we consider at least following properties should be satisfied for the measurement channel/signal that is used for the purpose of RLM:
· (Pseudo-) Periodic transmission and broadcasting within cell coverage is preferable
· Channel or signal with too sparse transmission period is not preferable.

· Measured channel quality represents service quality of serving base station

· Measurement channel or signal should be defined for both single- and multi-beam scenario
· In multi-beam scenario, it should be transmitted in a way of beam-sweeping
Based on the properties, following channels or signals can be taken into consideration as RLM measurement channel.
· Option 1 : Signals in SS block
SS block is periodically transmitted to support cell detection and mobility measurement, especially in all direction in case of multi-beam transmission, and it is used as a basic reference signal for synchronization by UEs within whole cell coverage. It means that when UE falls into a bad channel condition for a while and tries to recover connection, signal quality of SS block is an important factor for determining possibility of call recovery. Therefore, it can be used as cell quality measurement channel for RLM.

However, it was agreed for L3 mobility in previous meetings that SS block can be configured to have long periodicity for power saving of gNodeB. In this situation, SS block may not be a good solution for RLM. Therefore, transmission periodicity should be guaranteed to be short for a serving cell in order to use SS block as a reference signal for RLM.
Option 1. Signal quality of SS block can be used as reference signal for RLM if short periodicity is guaranteed for a serving cell or when short periodicity is configured for measurement configuration.
· Option 2 : Control channels or reference signals within common search space 

NR system can also consider control channel in common search space for RLM, because UE-specific search space is configured only in serving beam direction in multi-beam scenario. Common DCI or common DM-RS for DCI in common search space can be used for RLM, but periodic transmission of DM-RS or DCI in common searcher space may restrict scheduling flexibility, especially in multi-beam scenario.
Option 2. SNR of common DCI/common DM-RS or detection rate of common DCI in C-SS can be used for RLM if there is no problem of restriction for scheduling flexibility.
· Option 3 : CSI-RS for RLM

SS block is considered to be measurement channel for RLM in option 1, but periodicity of SS block may not be short enough to meet RLM requirement. In this case, a channel or signal to be more frequently transmitted needs to be defined. Considering the burden of resource overhead, CSI-RS with less resource overhead than SS block can be used as reference signal of cell quality measurement. As mentioned above, reference channel or signal for RLM should be transmitted in all beam direction, but it does not need to be configured with narrow beam. So, it can be suggested that a CSI-RS per SS block associated with SS block is defined as measurement channel for RLM. It is preferable to be periodically transmitted, but aperiodic transmission is possible if any indication method to UE can be defined. In addition, if CSI-RS for RLM is supported, it might be UE-specifically configured only for some of the possible beam directions in the cell based on the serving beam direction for the mitigation of UE complexity.
When using CSI-RS, effective SNR per beam is used as metric of channel quality and interference measurement is needed for SNR measurement. For this purpose, interference measurement resource may be also defined, like in CSI acquisition. In LTE system, ZP-CSI-RS is configured as interference measurement resource, and similar concept can be adopted and configured in beam-common in NR system
Option 3. Effective SNR of CSI-RS (and ZP-CSI-RS) can be used for RLM if the transmission period of SS block is configured to be too long.
· Option 4 : Tracking RS

There has been a lot of discussion for reference signal of frequency/time tracking for NR system, but we are considering that tracking RS is UE-specifically configured only for serving beam (narrow beam or wide beam). In addition, if tracking RS is configured for all beam direction for RLM, it may be better that general purpose CSI-RS is defined for RLM, time/frequency tracking, etc. In addition, tracking RS performance might not be sufficient and not be configured in case of narrow band system (e.g. minimum system bandwidth). Therefore, reference signal for frequency/time tracking is not preferred as reference signal for RLM.
Option 4. Reference signal for frequency/time tracking can be considered but is not preferred as reference signal for RLM.
Proposal 4. If CSI-RS for RLM is configured due to large period of SS block, wideband CSI-RS is used for RLM. Otherwise, SSS and/or PBCH in SS block is used as reference signal for RLM. 
3. Conclusion
In this contribution, it is discussed about basic RLM operation and the reference signal for RLM, and we provide the following proposals.
Proposal 1. Two options can be provided for the definition of RLF (OUT-OF-SYNC state) as follows :

· Option 1. When channel quality of RS (to be measured for RLM) corresponding to serving beam is worse than the threshold Qout
· Option 2. When channel quality of RSs (to be measured for RLM) for all beams is worse than the threshold Qout
According to option, RLF can be designed jointly or separately with beam failure & recovery procedure
Proposal 2. PDCCH in U-SS is defined as reference channel for hypothetical PDCCH detection rate.
Proposal 3. IS/OOS indication for RLM is performed only for the cell to be configured by network, and network specifies which bandwidth part in the cell can be monitored in case multiple bandwidth part is allocated to UE.
Proposal 4. If CSI-RS for RLM is configured due to large period of SS block, wideband CSI-RS is used for RLM. Otherwise, SSS and/or PBCH in SS block is used as reference signal for RLM.
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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


RS used to derive SINR-like metric is down selected from following options


Opt.1: CSI-RS


Opt.2: DMRS for NR-PDCCH in C-SS


Opt.3: DMRS for NR-PBCH


Opt.4: NR-SSS


Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)


FFS: how many options are used


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.








