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1	Introduction
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


2	Radio Link Monitoring in NR

2.1 	Signals for RLM
In different deployments there could be need to have different signal to be used for radio link monitoring, but from system operation perspective there should not be any ambiquity between UE and network, what is the considered reference for RLM.. To simplify the RLM procedure UE should be performing monitoring on one type of signal so that IS /OOS condition is not based on evaluating both SS block and CSI-RS simultaneously. So the signal to be used for RLM should be configurable by network and same type of RS should be used for all links to be evaluated.
[bookmark: _Ref490228994]Proposal 1: Radio Link Monitoring is not performed on different type of RS simultaneously.

2.2.	Determining IS/OOS conditions based on Qin/Qout 
In LTE the IS/OOS condition is based on the measurements on cell specific reference signals and determining block error rate of hypothetical PDCCH transmission taking into account the PCFICH errors (36.133). IS/OOS condition is determined by comparing the signal level to fixed Qin and Qout thresholds determined by the requirements.
For NR the exact values of Qin and Qout are not yet discussed/decided and one potential way would be to use the LTE definitions. On the other hand it should discussed and investigated whether it would be beneficial in some scenarios to have configurable or adaptive threshold values for Qin/Qout. Different type of services could tolerate higher or lower error rate on PDCCH, and thereby could benefit from being able to configure the applied thresholds for IS/OOS indications.
[bookmark: _Ref490228995]Proposal 2: RAN1 to discuss on the need for configurable Qin/Qout thresholds 

2.3 	IS/OOS Indication to higher layer with multiple PDCCH links

RAN1 assumes to have single IS/OOS indicated per reporting instance regardless of number of (PDCCH) beams available. UE may be configured to have multiple PDCCH beams and the IS/OOS condition should be evaluated for each beam separately based on corresponding RS as configured by network. 
With single IS/OOS indication regardless of number of PDCCH beams, the L1 should have specific logic or conditions defined what to indicate. As an example if N -PDCCH beams are configured for UE and IS/OOS condition is determined per PDCCH beam there could be different options how the IS/OOS indication is determined. For example, UE could be configured to indicate IS to higher layer when at least M out of N PDCCH beams are IS condition. M could also be set to ‘1’; i.e. if at least one PDCCH beam is in sync, IS would be indicated. 
With single indication to be provided to higher layers, based on the above logic, when less than M- PDCCH beams are in out of sync condition, OOS would be indicated. Other option would be to indicate OOS to higher layers only when all of the PDCCH beams have fallen below the OOS threshold.
[bookmark: _Ref490228969]Observation 1: The criterion of indicating IS or OOS to higher layers needs to determined whein UE is configured with multiple PDCCH links.
It should be also noted that when UE is configured with multiple PDCCH links they can be monitored using a time domain monitoring pattern (as per RAN1 decision in beam management). It is still under further discussion, but one example of the monitoring pattern would be that UE monitors one PDCCH link more frequently than the other link(s) thus these links may be categorized to be e.g. primary and secondary links. In case of a single IS/OOS indication (cell level to higher layers) it should be determined whether the indication needs account this type of priorizaion between the PDCCH links, e.g. it need to be to be determined how the IS/OOS condition for cell level is determined if primary link is OOS but secondary/fall back link is still in IS condition. 
[bookmark: _Ref490228970]Observation 2: Possible different of PDCCH links with different duty cycle may need to be considered in derivation of IS/OOS indication.
When considering the case of multiple PDCCH links, it would be of course most straight forward that as long as one PDCCH link of the monitored links exceeds the Qin, IS indication shall be sent to the higher layers. Only after all the monitored PDCCH links have fallen under Qout threshold, OOS shall be sent to higher layers. Also in case when different duty cycles are used for the PDCCH links, e.g. one link having higher duty cycle and other lower, it could be expected that if the quality of one of the links falls below threshold, beam management procedures would result ‘upgrading’ the duty cycle of one of the remaining PDCCH links and/or introduce new PDCCH links. 
[bookmark: _Ref490228996]Proposal 3: UE shall report IS to higher layers as long as one of the configured PDCCH links is above Qin 
[bookmark: _Ref490228998]Proposal 4: If all of the PDCCH links fall under the Qout threshold, UE shall report OOS to higher layers. 

3 	On the Aperiodic indications
In RAN1 NR AH#2, following conclusion was agreed:
· 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
Regarding the Example 1, an indication of successful beam failure recovery is indicated to RRC which can immediately stop the T310 timer to avoid declaring RLF. Typically the T310 has a duration in order of seconds and one could argue that the periodical IS indication would suffice when new PDCCH beam is obtained. After link evaluation period an IS would be indicated to higher layers and RRC would eventually stop 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]Observation 3: Aperiodic indications, used for immediately indicating to the RRC to stop RLF timer could potentially prevent declaration of RLF
As for the example 2, It may 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. 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][bookmark: _GoBack]Observation 4: Providing aperiodic indication on unsuccessful beam failure recovery could potentially speed up the declaration of RLF and subsequent (RRC) recovery actions

3	Conclusion
Observation 1: The criterion of indicating IS or OOS to higher layers needs to determined whein UE is configured with multiple PDCCH links.
Observation 2: Possible different of PDCCH links with different duty cycle may need to be considered in derivation of IS/OOS indication.
Observation 3: Aperiodic indications, used for immediately indicating to the RRC to stop RLF timer could potentially prevent declaration of RLF
Observation 4: . Providing aperiodic indication on unsuccessful beam failure recovery could potentially speed up the declaration of RLF and subsequent (RRC) recovery actions

Proposal 1: Radio Link Monitoring is not performed on different type of RS simultaneously.
Proposal 2: RAN1 to discuss on the need for configurable Qin/Qout thresholds
Proposal 3: UE shall report IS to higher layers as long as one of the configured PDCCH links is above Qin
Proposal 4: If all of the PDCCH links fall under the Qout threshold, UE shall report OOS to higher layers.
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