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1	Introduction
In this contribution we discuss the open items in RLM after RAN1#90.
2	Radio Link Monitoring in NR

2.1 	Reference Signals for RLM
Following agreement was reached in RAN1#90:
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)

As discussed in previous meeting the RLM is used to determine whether the DL control signal quality is at acceptable level to maintain the connection. In case of single beam or multi-beam system,  network could use the beam corresponding to a specific SS block to transmit the DL control channel, and therefore the CORESET/DMRS delivering the DL control channel should be associated with a specific SS block. Hence if the RLM-RS resource is SS block, the configuration should include the time location index of the SS block in question. In case CORESETs are sent via different beams (corresponding to a SS block), it would appear best to have associated with separate RLM-RS resources. 
Proposal 1: If RLM-RS resource is defined as SS block, network configuration should include the SS block time location index.
In NR the CSI-RS are UE specifically configured i.e. UE cannot assume any CSI-RS signals to be present or QCL’d with detected SS block unless configured by network. Thus the available “always on” signal, SS block, could be used as default radio link monitoring RS, without any UE specific configuration. E.g. in LTE UE is provided with RLM related information in SIB2 (‘UE-TimersAndConstants’) enabling UE to start the RLM after SRB establishement. In NR, if similar approach is used, the CORESET transmission associated to the SS block beam could serve as RLM-RS resource. As discussed above, it would appear that this association would need to be in any case spesifically established (i.e. part of CORESET configuration), thus it is not clear whether there is clear merit for default RMS-RS resource. Naturally for certain CORESETs the association is assume implicitly (e.g. RMSI), and if the same CORESET is also (re)used for USS, there could be some merit of determining a default RLM-RS resource. 
Proposal 2: If default configuration for RLM is supported, SS block(s) which are associated with selected CORESET could be considered as default RLM-RS. This would need to be under network control.
One open discussion point in RLM topic is whether to use L3 mobilty CSI-RS or beam management CSI-RS. In past agreements it has been agreed that beam management framework would be used for L3 mobility. In practise there can also be 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. As beam management produre is more related to the maintaining that UE is served by good quality links from the serving cell, while L3 mobility is more directed to ensure that UE is served by the best cell, it would appear that CSI-RS configuration related to the beam management would be more appropriate for RLM-RS purposes. Like discussed for radio link monitoring purposes, the RLM-RS used for estimating PDCCH quality should reflect UE specific PDCCH reception. Hence network would need to determine the selected CSI-RS resource used depending on the deployement, thus it depends on the final formulation of the configuration, how certain CSI-RS are associated with PDCCH.      
Proposal 3: In case of CSI-RS based RLM, network configures UE to perform RLM on the RS that corresponds to a beam for UE specific PDCCH reception.

2.2.	Configurable Qin/Qout thresholds 
In relation got Qin and Qout determination RAN1#90 reached following agreement:
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

Similarly as in LTE, NR agreed that the IS/OOS condition is based on the measurements on cell specific reference signals and determining block error rate of hypothetical PDCCH transmission. IS/OOS condition is determined by comparing the signal level to fixed Qin and Qout thresholds determined by the requirements set in RAN4 spesification. For NR the exact values of Qin and Qout are currently in discussion in RAN1 and it was left FFS if multiple Qin, Qout thresholds should be defined. 
Like discussed in last meeting, different type of services such, as voice services, could tolerate higher packet loss ratio. Depending on the applied voice codec, e.g. AMR-NB/WB, the data rate requirement of the actual voice could be also relatively low. Also noting that, SPS and TTI bundling type of schemes could be used to improve the data channel performance and tolerance to control channel errors. Other services, like MBB, have limited use for aforementioned schemes and typically require higher data rates, with more dependency to link adaptation. Hence there could be seen to have benefit from being able to configure the alternative Qin/Qout thresholds. 
For configuring different Qin/Qout thresholds we can consider two high level options. Either Qin and Qout can be individually chosen among set of candidate thersholds (common or different for Qin and Qout), or the configuration is done in ‘pairs’ so that one configuration uses predetermined pair of Qin and Qout thresholds. Now first method would of course offer larger flexibility, but it is not clear if it is required. As in the past, the thresholds have been chosen so that they have sufficient hysteresis, avoiding ‘ping-pong’ due to measurement inaccuracy, and have been associated to a fixed service assumption. So simplest and most robust way would be to allow configuration as a set of thresholds, covering fixed pair of Qin and Qout, as depicted in the Figure 1. In paired configuration the Qin and respective Qout are configured together i.e. NW would indicate to use either TH set 1 or set 2. 
In terms of number of different Qin/Qout threshold pairs it is felt that at least two options should be enabled by NR.
[bookmark: _Ref492922925]Proposal 4: NR supports configuring the IS and OOS threshold for RLM. Single configuration covers both Qin and Qout in a fixed pair. At least two different configurations are supported for RLM. 
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Figure 1. Qin/Qout threshold configuration options
Now in conjunction of having option of configuring the IS/OOS thresholds, it has been discussed whether network should be allowed to configure UE with multiple different thresholds e.g. for OOS simultaneously. As dicussed in earlier meetings, the main purpose of the RLM is to ensure that UE is able to detect when the connection to the serving cell has been lost. As per agreement in RAN1#90, if UE is configured with multiple RLM-RS resources, it shall not indicate OOS to higher layers, until the quality of all the monitored RLM-RS resources has fallen below Qout. Hence it is not very clear how configuring different OOS thresholds for different links could be used in radio link monitoring.
[bookmark: _Ref492923145]Observation 1:  From OOS indication perspective it does not appear necessary to support multiple thresholds simulatenously for RLM purposes.

2.3. IS indication to higher layer with multiple PDCCH links
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 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
· FFS: Aperiodic OOS

RAN1#90 beam management track made an agreement regarding the declaration of beam failure as quoted above. When all the serving (PDCCH) links fail UE declares beam failure. In RLM (both procedures concern the state of the PDCCH / control channel links) similar decision was reached but the discussion is still on going e.g. how to determine the periodical IS indication. It was agreed that UE would indicate IS when the estimated quality of Y RLM-RS resources would be above the Qin threshold. 

Configurable Y value would provide flexibility to handle different situations with more strict requirements but would be very problematic in practice. With values different than Y=1 UE may not be able to recover the radio link in a case where it has lost some of the PDCCH beams (determined that cell is OOS) and via beam recovery its able to obtains less than Y PDCCH links that are in IS condition. As an example if Y=2 and UE recovers and obtains one PDCCH link which is in IS condition it would still indicate OOS although it has a good quality PDCCH link.  Meanwhile it is assumed that beam management could be used to ensure that UE has sufficiently large number (or with sufficiently large margin) of quality DL beams to ensure that connection can be maintained. 
Simple way would be to fix the value Y=1 in case of multiple PDCCH links: as long as one PDCCH link of the monitored links exceeds the Qin, IS indication shall be sent to the higher layers. This would be aligned with the agreement on determining periodical OOS, and also with the intent of radio link monitoring (to enable UE detect if it still has valid connection to a cells). 
[bookmark: _Ref490228996][bookmark: _Ref492922928]Proposal 5: UE shall report IS to higher layers as long as quality of one of the configured RLM-RS resources is above Qin. 

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]Observation 2: 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 	On the Aperiodic indications
RAN1 has discussed the option of providing aperiodic indications for higher layers, with out clear consensus. One considerd use case has been to provide an indication of successful beam failure recovery to RRC which can be used  immediately stop the T310 timer to avoid declaring RLF. Typically the T310 has a duration in order of seconds and the expected time scale of beam recovery is much shorter. Therefore one could argue that the periodical IS indication would suffice when new PDCCH beam is obtained, and after link evaluation and at indication period end, an IS would be indicated to higher layers, resulting RRC tostop T310. However, if aperiodic indications can be used, immediately indicating to the RRC to stop RLF timer could potentially prevent declaration of RLF in cases where T310 timer has been set to be very short, or the beam recovery has taken a considerable amount of time. 
[bookmark: _Ref490228972][bookmark: _Ref492923558]Observation 3: Aperiodic indications, used for immediately indicating to the RRC to stop RLF timer could potentially prevent declaration of RLF if RLF timers are set to be extremely short, or beam recovery has persisted for a long time.
Furthermore, considering aperiodic OOS indications, it could be beneficial to quickly indicate to higher layers that beam failure recovery is not succesfull. Actual conditions when to do this should be further discussed, and these naturally will relate to the possible parameters (timers etc.) related to the beam recovery procedure. I.e. if UE has transmitted maximum number of times the UL recovery signal to all possible candidate beams. In case such timers or counters related procedures would prevent UE performing beam recovery at later stage, providing such indication could potentially speed up the declaration of RLF and subsequent (RRC) recovery actions. This could be relevant for higher frequency band scenarios, where the recovery after loosing the links is deemed unlikely. As these need of these would be very scenario dependent, it should be under network control whether these aperiodic indications are used.
[bookmark: _Ref490228973]Observation 4: Providing aperiodic indication on unsuccessful beam failure recovery could potentially speed up the declaration of RLF and subsequent (RRC) recovery actions
As noted the procedures and timers for beam recovery have not yet been agreed, and the need and benefit of providing any aperiodic indications will heavily depend on the beam recovery procedure itself, it may be premature to conclude the merits of aperiodic indications.
[bookmark: _Ref492923562]Observation 5: It may be premature to conclude on the feasibility of apeariodic indications prior beam recovery prosedure has become more mature.

3	Conclusion
In this contribution we have discussed about open issues related to RLM.
In relation to IS and OOS thresholds and behaviour in terms of ISS we made following proposals:-
Proposal 1: If RLM-RS resource is defined as SS block, network configuration should include the SS block time location index.
Proposal 2: If default configuration for RLM is supported, SS block(s) which are associated with selected CORESET could be considered as default RLM-RS. This would need to be under network control.
Proposal 3: In case of CSI-RS based RLM, network configures UE to perform RLM on the RS that corresponds to a beam for UE specific PDCCH reception.
Furthermore on configuragle Qin/Qout we propose and observe:- 
Proposal 4: NR supports configuring the IS and OOS threshold for RLM. Single configuration covers both Qin and Qout in a fixed pair. At least two different configurations are supported for RLM. 
Observation 1:  From OOS indication perspective it does not appear necessary to support multiple thresholds simulatenously for RLM purposes.
Spesifically for IS indication to higher layers we propose:- 
Proposal 5: UE shall report IS to higher layers as long as quality of one of the configured RLM-RS resources is above Qin. 
For threshold setting for BFR and RLM we observe that:-
Observation 2: 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.
On the matter of aperiodic indications we observe:- 
Observation 3: Aperiodic indications, used for immediately indicating to the RRC to stop RLF timer could potentially prevent declaration of RLF if RLF timers are set to be extremely short, or beam recovery has persisted for a long time.
Observation 4: Providing aperiodic indication on unsuccessful beam failure recovery could potentially speed up the declaration of RLF and subsequent (RRC) recovery actions.
Observation 5: It may be premature to conclude on the feasibility of apeariodic indications prior beam recovery prosedure has become more mature.
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