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1	Introduction
In this contribution we discuss the open items in RLM after RAN1 NR#3. Document is an update of R1-1718617
2	Radio Link Monitoring in NR
2.1 	Reference Signals for RLM
In RAN1 NR AH#3 the RLM-RS configuration was discussed and following was agreed:
[bookmark: _Hlk494743031]Agreements:
· When SS blocks are used as RLM-RS
· A set of SS blocks are explicitly configured by RRC
· When CSI-RS is used as RLM-RS
· a set of CSI-RS resources are explicitly configured as RLM RS by RRC
· FFS whether a subset of CSI-RS resources configured for P1 BM is configured as RLM-RS
An open discussion point in RLM topic is whether to use subset of CSI-RS for beam management as RLM-RS. In agreements of previous meetings it has been agreed that beam management framework would be used for L3 mobility. In practise there are some overlap for the CSI-RS configuration/resources used for L3 mobility and beam management as both are intended to provide information about the UE perceived beam/link quality. I.e. UE may be configured with set of CSI-RS resources for beam management and out of that set UE is configured with beam(s) for PDCCH reception. RLM-RS used for estimating PDCCH quality should reflect the quality of UE specific PDCCH reception.
When considering the relation between beam management (including beam failure detection) and radio link monitoring, both are conserned with the control channel quality. Thus it would beneficial if the RLM-RS could be configured implicitly when a beam management reference signal (BM-RS which can be either SS Block of CSI-RS) is indicated to be QCL associated with the PDCCH DMRS i.e. UE is configured with PDCCH beam that corresponds to the beam used to transmit the respective BM-RS. In this manner the RLM-RS configuration follows the PDCCH indication of beam management procedure and for radio link monitoring purposes the same reference signal would be used. 
Alternatively network coud indicate explicitly if the BM-RS that is QCL’d with PDCCH DMRS is used as RLM-RS e.g. indicate it in the configuration message which is used to indicate the QCL association. To provide flexibility for the RLM process whether the RLM-RS follows the PDCCH beam indication (implicit/explicit) could be further configurable by network.   
If RLM-RS is configured to follow the PDCCH beam indication based on BM-RS it should be also consired how the deconfiguration is done e.g. when UE is configured with new (either PDCCH beam change or additional PDCCH link ) by beam management procedure the update/deconfiguration of RLM-RS should follow. In case of implicit configuration if NW switches/configures the UE with new PDCCH beam the RLM-RS is updated accordingly.
As network may configure RLM-RS to be either (CSI-RS or SS Block), as one option could be that when QCL association is indicated between PDCCH DM-RS and CSI-RS the RLM-RS can be configured to be the SS Block which is QCL’d with the indicated CSI-RS.
Further considering the beam failure declaration i.e. when UE has determined beam failure (the quality of PDCCH beams degraded/is below a threshold), and it performs BM-RS based beam recovery (CSI-RS or SS Block is identified as new candidate beam) and receives network response to indicate the successful recovery (RAR or response that is used in beam recovery with specific, similar to RACH /Scheduling request procedure ), it could implicitly assume that the BM-RS, to which the recovery was indicated to be successful as RLM-RS. 
As an example if random access procedure (contention free or contention based) is used for beam recovery  or initial access UE determines implicitly SS block/CSI-RS (or in more generally expressed the BM-RS in case also the CSI-RS association contention based RACH resources is allowed in NR) that is QCL associated to DMRS of PDCCH for Msg2 scheduling and/or DMRS of PDCCH for Msg4 scheduling as RLM-RS. Naturally this configuration can be then updated e.g. if SS Block first used as RLM-RS and UE later obtains PDCCH beam based on CSI-RS (more refined beams). 
On the deconfiguration of RLM-RS, in case of beam recovery (when all the PDCCH links have been lost) the RLM-RS configuration should also be deconfigured so that there would not be misalignment between beam failure detection and radio link monitoring (i.e. based on different signals and determining different conclusion e.g. cell is out of sync but UE has still beam(s).

[bookmark: _Ref494716613][bookmark: _Ref494746989]Proposal 1: Network configures UE to perform RLM on the RS that reflect the quality of  UE specific PDCCH reception (SS Block / CSI-RS)
Based on the above discussion we propose the following:
[bookmark: _Ref495069659]Proposal 2: When network configures the association between beam management reference signal and PDCCH DMRS, it indicates if the corresponding beam management reference signal (e.g. SS Block / CSI-RS) is to be used also for radio link monitoring. Indication may be configured to be implicit or explicit.


2.2.	Configurable Qin/Qout thresholds 
In NR AH#3, RAN1 agreed to have two pairs of IS/OOS BLER values. Open issue was whether the UE should be able to derive the used TH configuration implicitly based on other parameters:
· For a cell group, 
· A single IS or OOS is reported by the UE 
· A single IS BLER is configured for a UE at time
· A single OOS BLER is configured for a UE at a time
· Configurable from two pairs of values for IS/OOS BLERs
· Detailed pair of values up to RAN4 to decide
· FFS whether the configuration is an explicit RRC configuraiotn or implicitly derived from other parameter
· FFS the case of URLLC & mMTC

Considering the implicit derivation of BLER values would provide benefits in scenarios where UE would need to dynamically apply either first or second pair of values for RLM but such use case. As the RLM threshold setting is not considered to be time criticial or performance would depend on the signaling latency there is no real benefit of deriving the used BLER values and thus the configuration can be given explicitly via higher layer signaling (RRC). Also to avoid any pontential ambiguities on the used values between UE and network at any given time, we propose the following:
[bookmark: _Ref494716614]Proposal 3: IS/OOS threshold pair is explicitly configured by network via RRC signaling

2.3. Interference Measurement Resource for RLM
In RAN1#90, in RLM discussions following agreement was made:

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=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS the interference measurement resource related to the estimated link quality crresponding to the hypothetical PDCCH BLER

Considering that two types of signals, can be configured as RLM-RS, it should be also determined that how to estimate the interference in case of both SS block and CSI-RS. In contributions for previous meeting (NR AH#3) proposals were given for IMR (interference measurement resource) that would be transmitted on PDCCH symbols such as PDCCH DMRS and ZP-CSI-RS in PDCCH region. IMR for for specific RLM-RS could also be explicitly configured i.e. outside PDCCH symbols.
One potential problem using the signals in PDCCH region for measuring interference is the lack of known periodicity. In multiple beams operation BS could cover only part of the cell area at one time. In worst case BS would need to transmit PDCCH on specific beams/direction for the purpose of radio link monitoring. This would limit the scheduling flexibility of the BS as directional resources are reserved to transmit PDCCH. As UE needs to assess radio link quality periodically the signals in PDCCH region should not be preferred as IMR.
Also, if the IMR is explicitly configured when UE is configured with RLM-RS, it would need to be potentially updated when UE is configured with new RLM-RS (e.g. due to change of PDCCH beam). In addition this resource would need to be periodical thus similar problem as with the IMR in PDCCH symbols/region is faced. In worst case there would need to be separate TX by BS sweep for interference measurement RS. 
To avoid the above discussed issues the straighforward way would be to use the respective resource elements that are used for signal level measurement, also for interference measurement. Furthermore, for simplicity, it would be preferred that interference measurement could be defined in similar manner for SS Block and CSI-RS based RLM. 
[bookmark: _Ref494716616]Proposal 4: Interfence to determine hypotethical PDCCH BLER is measured on the same resource elements as the the respective RLM RS (same for CSI-RS and SS Block).

2.4. Qin/Qout for RLM and Beam Failure Recovery
In RAN1#90, under beam management discusion following agreement was made:
Agreements:
· Beam failure is declared only when all serving control channels fail.
· When a subset of serving control channels fail, this event should also be handled	
· Details FFS

If both procedures operate, beam failure recovery and RLM, based on the PDCCH quality and potentially use the same signals there comes the evident question that would both procedures use similar mechanism (Qin/Qout based) for link quality evaluation. Difference would be that in case of beam failure recovery (BFR) the triggering entity for the recovery signal/actions is below RRC while the RLM recovery runs at RRC level.
Considering that both procedures use similar mechanism, the question is how to set the thresholds for Qin and Qout, or more specifically whether the same thresholds (Qin, Qout) are used for both RLM and Beam Failure Recovery (BFR).
Option1: Same Qin/Qout thresholds: In this option when all the PDCCH links are below Qout would trigger beam recovery and at the same time indicate OOS to higher layers. Depending on the configuration this indication may start RLF timer (T310) at RRC at the same time, or can eventually start it, when beam failure is declared.
Option 2: different Qin/Qout thresholds. In this option if e.g. the Qout threshold for BFR is set to be higher than RLM UE would potentially declare beam failure before the RLM procedure would determine that the cell is in OOS condition. With this configuration the beam recovery could start before the cell reaches OOS condition.
[bookmark: _Ref492923508][bookmark: _Ref494716774]Observation 1: Configuring different Qout thresholds for BFR and RLM so that Qout for BFR is higher than for RLM can trigger beam recovery before the cell is determined to be in OOS condition from RLM perspective.


3	Conclusion
In this contribution we have discussed about open issues related to RLM and propose the following
Proposal 1: network configures UE to perform RLM on the RS that reflect the quality of  UE specific PDCCH reception (SS Block / CSI-RS)
Proposal 2: When network configures the association between beam management reference signal and PDCCH DMRS, it indicates if the corresponding beam management reference signal (e.g. SS Block / CSI-RS) is to be used also for radio link monitoring. Indication may be configured to be implicit or explicit.
Proposal 3: IS/OOS threshold pair is explicitly configured by network via RRC signaling
Proposal 4: Interfence to determine hypotethical PDCCH BLER is measured on the same resource elements as the the respective RLM RS (same for CSI-RS and SS Block).

For discussion of Qin/ Qout thresholds for RLM and beam failure recovery we observe following:
Observation 1: Configuring different Qout thresholds for BFR and RLM so that Qout for BFR is higher than for RLM can trigger beam recovery before the cell is determined to be in OOS condition from RLM perspective.
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