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1. Introduction

At the last RAN1 NR Ad Hoc meeting, RAN1 made following agreements related to radio link monitoring (RLM) and radio link failure (RLF) [1].
	 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


In this contribution, we discuss on the RLM RS configuration, RLM criteria, condition for IS/OOS indication, and the relationship between RLM and beam failure recovery. 
2. Discussion on RLM RS configuration
At the last RAN1 NR Ad Hoc meeting, the properties for the RS used for RLM were discussed and agreed, and both CSI-RS based RLM and SS/PBCH block (SS block) based RLM are supported. When the two types of RS are supported for RLM, it should be further discussed whether only a single type of RS is configured to UE for RLM at time. 
SS block and CSI-RS have different functionalities and requirements, and thus there would be a need to use different RS for RLM in different deployments/configurations. For example, SS block is the always-on signal that provide the cell wide coverage, which can be used for RLM when CSI-RS is not configured. However, if long SS block periodicity is applied or the collided SS blocks with neighbouring cells could not well reflect control channel quality, it would be preferred to perform RLM based on CSI-RS, which could also be transmitted periodically to cover the whole cell area for mobility. To avoid ambiguity between network and UE and to obtain better RLM effectiveness, network should be able to configure the RS used for RLM by RRC signalling based on deployments/configurations. In addition, to simplify the UE measurement behaviour and RLM procedure, UE should be configured to monitor only one type of RS for RLM at a time. In that case, the RLM criterion and IS/OOS condition would be simple by considering only one type of RS. Otherwise, if two types of RS are configured for RLM at the same time, it would be problematic on how to mix the measurement results to decide a single IS/OOS indication. UE complexity is increased and additional specification effort is needed.
Proposal 1
· RRC signaling configures only a single type of RS for RLM for a UE at a time.
3. Discussion on RLM criterion and condition for IS/OOS
In LTE, the CRS of the primary cell is monitored by the UE for the purpose of indicating IS/OOS status to higher layers. UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin. The thresholds are related to block error rate (BLER) of a hypothetical PDCCH transmission from serving cell. Specifically, Qout corresponds to 10% BLER while Qin corresponds to 2% BLER of a hypothetical PDCCH transmission.

At the RAN1#89 meeting, it was agreed that IS and OOS indications in NR are based on SINR-like metric. Similar as LTE, NR could define Qout and Qin thresholds based on a hypothetical NR-PDCCH (or other channels) BLER. In LTE, hypothetical PDCCH transmission parameters are fixed in the specification for CRS based RLM. In NR, how to define the hypothetical PDCCH transmission parameters should be discussed.  
RAN1 also agreed that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. The condition for IS or OOS indication should be discussed. If a UE is configured to perform RLM on single beam resource, similar condition as LTE can be re-used in NR for IS/OOS indication. In multi-beam scenario, UE may be configured to perform RLM on multiple beam resources (e.g., multiple SS blocks or multiple CSI-RS resources) if multiple beams are used for transmitting to the UE. How to determine the single IS or OOS indication based on RLM on multiple beams should be defined. In that case, condition for IS/OOS indication can be similar as the discussion on beam failure event.

Condition for OOS indication
When multiple Y beam resources are configured for RLM, at least X (<=Y) out of Y beams lower than Qout threshold could trigger OOS indication.
Condition for IS indication
When multiple Y beam resources are configured for RLM, at least Z (<=Y) out of Y beams higher than Qin threshold could trigger IS indication.
The value of ‘X’ and ‘Z’ can be fixed in specification or configured by RRC signalling. For example, NR could define OOS indication is triggered when all configured beams are lower than Qout threshold, and IS indication is triggered when at least one configured beam is higher than Qin threshold. The fixed method is simple for UE behaviour but the configurable method could increase operation flexibility. 
Proposal 2
· NR could define Qout and Qin thresholds based on hypothetical NR-PDCCH BLER.

Proposal 3 

· Condition for OOS indication: When multiple Y beam resources are configured for RLM, at least X (<=Y) out of Y beams lower than Qout threshold could trigger OOS indication.

· Condition for IS indication: When multiple Y beam resources are configured for RLM, at least Z (<=Y) out of Y beams higher than Qin threshold could trigger IS indication.
· FFS the value of ‘X’ and ‘Z’ fixed in specification or configured by RRC signalling
4. Discussion on relationship between RLM and beam failure recovery
In single beam scenario, beam failure detection and recovery mechanism may not be necessary/available, and the condition for IS/OOS indication would be based only on L3 RLM result. In multi-beam scenario, the relationship between L3 RLM/RLF and L1 beam failure detection/recovery should be discussed. At the last RAN1 Ad Hoc meeting, it was agreed that if the same RS is used for beam failure recovery and RLM procedures, NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure. How to use aperiodic indication can be decided in RAN2. If different RS is used for beam failure recovery and RLM procedures, the relationship between beam failure recovery and RLM is still unclear. Following options can be considered and further discussed. 
· Option 1: Periodic indication(s) based on RLM and aperiodic indication(s) based on beam failure recovery
Similar as the same RS case, if different RS is used for beam failure recovery and RLM, aperiodic indication based on beam failure recovery procedure can be provided to assist RLF procedure. RAN2 can decide how to use the aperiodic indication. For example, the aperiodic indication can be based on failure of beam recovery procedure like OOS indication, or based on beam failure recovery procedure like IS indication.
· Option 2: Periodic indication(s) based on RLM and no indication based on beam failure recovery
In this option, L3 RLM and L1 beam failure detection/recovery mechanism are separately performed. If L1 beam failure detection/recovery mechanism is only for multi-beam scenario, this option can achieve common RLM procedure between single-beam and multi-beam scenarios. In this option, parameter setting and condition should be carefully designed so that RLF is not declared to L3 when L1 beam recovery mechanism can solve beam misalignment issue within a certain time duration.
· Option 3: Periodic indication(s) based on RLM and L1 beam failure recovery simultaneously
In this option, IS/OOS status is defined based on both L3 RLM result/condition and L1 beam failure detection/recovery result/condition. For example, OOS indication could be reported to L3 only when both procedures suffer bad channel condition and cannot identify other candidate beam in the same cell. However, it may be complex procedure for UE.
· Option 4: Periodic indication(s) based on either RLM or L1 beam failure recovery
In this option, different from Option 3, either L3 RLM result/condition or L1 beam failure detection/recovery result/condition can trigger IS/OOS indication. RRC signaling could configure RLF detection based on RLM result and L1 beam failure detection result separately. In this option, we should carefully consider the parameter setting and condition between L3 RLM and L1 beam failure recovery. 
Based on the discussion above, if different RS is used for beam failure recovery and RLM procedures, we think Option 1 seems slightly preferable, but further study on above options would be necessary.
Proposal 4:

· Following aspects should be studied for RLM in NR.
· Whether L1 beam failure detection/recovery mechanism is performed even in NR cell with single beam operation or not
· If different RS is used for beam failure recovery and RLM procedures, what is IS/OOS indication condition in single beam and multi beam scenarios
· Option 1: Periodic indication(s) based on RLM and aperiodic indication(s) based on beam failure recovery 
· Option 2: Periodic indication(s) based on RLM and no indication based on beam failure recovery 
· Option 3: Periodic indication(s) based on RLM and L1 beam failure recovery simultaneously 
· Option 4: Periodic indication(s) based on either RLM or L1 beam failure recovery 
5. Conclusion 

In this contribution, we discussed the RLM and RLF in NR, including RS used for RLM and RLF procedure.  We made following proposals. 
Proposal 1
· RRC signaling configures only a single type of RS for RLM for a UE at a time.
Proposal 2
· NR could define Qout and Qin thresholds based on hypothetical NR-PDCCH BLER.

Proposal 3 

· Condition for OOS indication: When multiple Y beam resources are configured for RLM, at least X (<=Y) out of Y beams lower than Qout threshold could trigger OOS indication.

· Condition for IS indication: When multiple Y beam resources are configured for RLM, at least Z (<=Y) out of Y beams higher than Qin threshold could trigger IS indication.
· FFS the value of ‘X’ and ‘Z’ fixed in specification or configured by RRC signalling
Proposal 4:

· Following aspects should be studied for RLM in NR.
· Whether L1 beam failure detection/recovery mechanism is performed even in NR cell with single beam operation or not
· If different RS is used for beam failure recovery and RLM procedures, what is IS/OOS indication condition in single beam and multi beam scenarios
· Option 1: Periodic indication(s) based on RLM and aperiodic indication(s) based on beam failure recovery 
· Option 2: Periodic indication(s) based on RLM and no indication based on beam failure recovery 
· Option 3: Periodic indication(s) based on RLM and L1 beam failure recovery simultaneously 
· Option 4: Periodic indication(s) based on either RLM or L1 beam failure recovery 
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