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1. Introduction

Basic RLF declaration based on periodic IS/OOS and the relationship between RLF and BM/BR were discussed at RAN2#99 [1] and the associated LS was sent to RAN1 [2]. In this contribution, we would like to see the latest decisions in RAN plenary and RAN1 and to understand RAN2 implications.

2. Discussion
Basic RLF declaration based on periodic IS/OOS was agreed as follow. Note it is baseline behavior when there are no indications from lower layers related to beam failure/recovery.

· PHY informs RRC of periodic out-of-sync / in-sync indications.
· RRC detects DL radio link problem if consecutive N1 number of periodic out-of-sync indications are received.
· RRC declares RLF at expiry of a timer (T1) started after detection of DL radio link problem.

· RRC stops the timer if consecutive N2 number of periodic in-sync indications are received while the timer runs.
The association between RLF and BF/BR is still unclear and under the discussion. At last RAN, de-prioritization of features was discussed in order to complete NR specifications in time [3]. As the result of RAN discussion, one of de-prioritized features related RLM and RLF is RLF connected to beam managements [4]. Thus we think the following issues which were discussed in RAN2 will be naturally deprioritized: 

· Need of separate BF indications from L1 to RRC and the corresponding RRC behaviors.

· Need of separate BR failure/success indications from L1 to RRC and the corresponding RRC behaviors. 

· RLF declaration and the following RRC behaviors when RLM-RS and BM-RS is different. 
Also note RAN1 deferred the related discussion and response LS for RAN2 LS which was sent at RAN2#99 and are related with the RLF connected to beam managements [5].

[Proposal-1]: RAN2 is asked to confirm that the discussion on the following issues is de-prioritized:  
· Need of separate BF indications from L1 to RRC and the corresponding RRC behaviors.

· Need of separate BR failure/success indications from L1 to RRC and the corresponding RRC behaviors. 

· RLF declaration and the following RRC behaviors when RLM-RS and BM-RS is different. 
RAN1 agreed that a set of SS blocks are explicitly configured by RRC when SS blocks are used as RLM-RS and a set of CSI-RS resources are explicitly configured by RRC when CSI-RS is used as RLM-RS. In addition based on RAN1 agreement “Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time”, we think RLM-RS resource IE will have CHOICE structure between a set of SS blocks and a set of CSI-RS resources. In LTE, BLER threshold to generate IS and OOS indication is specified with the fixed value [6]. However in NR, RAN1 agreed to configure BLER threshold to generate IS and OOS indication with FFS on whether the configuration is an explicit RRC configuration or implicitly derived from other parameter [5]. Note the following RAN1 agreements. From our view, explicit RRC configuration is simpler and more straightforward to avoid any additional specification efforts. Also note the signaling overhead is not an issue since in principle it only needs 1bit.
· 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
· For the two pairs of values for IS/OOS BLERs, RAN1 discussed use cases such as VoIP vs. eMBB.
· FFS whether the configuration is an explicit RRC configuration or implicitly derived from other parameter

· FFS the case of URLLC & mMTC
Based on the above, RRC needs to configure the following parameters for RLM and RLF: 
· N[x]: Number of consecutive periodic OOS indications to start RLF timer T[z]

· N[y]: Number of consecutive periodic IS indications to stop RLF timer T[z]

· T[z]: A timer started once the reception of N[x] consecutive periodic OOS indications

· RLM-RS: CHOICE of a set of SS blocks or CSI-RS resources

· BLER threshold for IS and OOS: PDCCH BLER threshold to generate IS and OOS indication
Note some parameters are covered by email discussion on L1 parameters (e.g. RLM-resource-configure-SS and RLM-resource-configure-CSIRS) [7]. 
[Proposal-2]: RRC needs to configure the following parameters for RLM and RLF: 
· N[x]: Number of consecutive periodic OOS indications to start RLF timer T[z]

· N[y]: Number of consecutive periodic IS indications to stop RLF timer T[z]

· T[z]: A timer started once the reception of N[x] consecutive periodic OOS indications

· RLM-RS: CHOICE of a set of SS blocks or CSI-RS resources

· BLER threshold for IS and OOS: PDCCH BLER threshold to generate IS and OOS indication
3. Conclusions

We discussed RLM and RLF in the contribution and the following proposals are made: 

[Proposal-1]: RAN2 is asked to confirm that the discussion on the following issues is de-prioritized:  

· Need of separate BF indications from L1 to RRC and the corresponding RRC behaviors.

· Need of separate BR failure/success indications from L1 to RRC and the corresponding RRC behaviors. 

· RLF declaration and the following RRC behaviors when RLM-RS and BM-RS is different. 
[Proposal-2]: RRC needs to configure the following parameters for RLM and RLF: 

· N[x]: Number of consecutive periodic OOS indications to start RLF timer T[z]

· N[y]: Number of consecutive periodic IS indications to stop RLF timer T[z]

· T[z]: A timer started once the reception of N[x] consecutive periodic OOS indications

· RLM-RS: CHOICE of a set of SS blocks or CSI-RS resources

· BLER threshold for IS and OOS: PDCCH BLER threshold to generate IS and OOS indication
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5. Annex
RAN1 decisions on RLM at RAN1#90: 

Agreements:

· NR supports RLM on PCell and PSCell only

· For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time

· FFS on interference measurement resource for each RS type

· Signal and interference measurements for a given CORESET may be performed by using same RX beam

Agreement: Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time
Agreements:
· Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM
· UE assumes same antenna port between hypothetical PDCCH and RS used for RLM
· FFS: UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
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)

· 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

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

RAN1 decisions on RLM at RAN1 NR Ad-Hoc:
Agreements:
· 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

· Send an LS to RAN4 capturing the above agreements, and also add:

· For the two pairs of values for IS/OOS BLERs, RAN1 discussed use cases such as VoIP vs. eMBB.

· LS to be drafted by Tomoya (NTT DOCOMO)

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
Agreement:

· RLM-RS is undefined until explicitly/implicitly configured.

· Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM

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

