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1 Introduction

Not much progress has been made in RAN4 on RLM in the last meetings, although there have been many related agreements in other groups.
RAN1#89:
Agreements (RLM):
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.
RAN1 NR AH#2:

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
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
Agreements:
· 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
In this contribution, we further discuss RLM framework in RAN4.
2 Discussion
In NR, RLM and RLF are to be specified for PCell (SA NR operation) and PSCell (NSA and SA NR operation), supporting a single- and multi-beam operations.

2.1 RS for RLM

In RAN1 NR AH#2 was agreed that both CSI-RS based RLM and SS block based RLM are supported, but with FFS on whether or not only a single type of RS is configured to UE for RLM at a time. However, in RAN1#90 it was agreed that for RLM the NR supports to configure a single type of RS for a CORESET for a UE at a time. It is therefore reasonable to assume that a single RLM-RS is used during an evaluation period of a single radio link quality. 
· Observation 1: A single RLM-RS is used during an evaluation period (in-sync or out-of-sync) of a single radio link quality.
· Observation 2: Multi-beam RLM operation may be handled by configuring different RLM-RS resources of the same or different types, evaluated in parallel.
· Observation 3: Evaluation period based on SS block and evaluation period based on CSI-RS may be different.
2.2 Evaluation periodicity
In LTE, radio link quality is evaluated by the UE every radio frame when not in DRX or when configured with a short DRX, while the evaluation periods are generally scaled with the DRX cycle length for longer DRX cycles. The RLM requirements exist also for UE configured with eDRX cycles which can be up to 10.24 seconds in RRC_CONNECTED.
The major difference with NR is that the availability of signals used for RLM (RLM resources) is configurable, in addition to that RLM may further be configured to be based on different types of signals (SS blocks or CSI-RS). According to RAN1, one of the properties for the RSs used for RLM is that they provide “periodic transmission with short enough periodicity”, which determines the shortest possible RLM evaluation periodicity. The currently agreed periodicities for SS blocks in general are: 5, 10, 20, 40, 80, and 160 ms. The currently agreed periodicities for CSI-RS in general are: 5, 10, 20, 40, [80], [160] ms. The longest periodicity for SS blocks is still shorter than some LTE DRX cycle lengths, so all SS block periodicities should be acceptable for RLM. For CSI-RS, some more analysis may be needed to account e.g. for the CSI-RS density, etc.
· Proposal 1: RAN4 will specify SS block based RLM requirements for all SS block periodicities.
· Proposal 2: RAN4 will further discuss CSI-RS periodicities to be covered by RAN4 requirements, while accounting for e.g. CSI-RS density.
· Observation 2: Usage of measurement gaps for RLM may further impact RLM evaluation periods, in addition to DRX cycle lengths.
2.3 Single-beam operation vs. multi-beam operation
By RAN1 agreement, RLM in NR shall support both single- and multi-beam operation. For SS block based RLM, multi-beam operation would imply that a UE is configured with multiple (X) RLM-RS resources, i.e., to evaluate for RLM SS blocks with different indexes. The UE will then report out-of-sync the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold, but for this the UE would need to monitor the link quality on X RLM-RS resources in parallel to make the multi-beam RLM operation meaningful. And periodic in-sync 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 (Y can be smaller than X, e.g., Y=1). At least for out-of-sync it makes sense to assume parallel evaluation of the multiple radio links. However, since the UE performs essentially the same measurement for both out-of-sync and in-sync, it is also reasonable to assume the same in-sync evaluation period for a single- and multi-beam operations.
· Proposal 3: The out-of-sync evaluation period can be the same at least for a single- and two-beam RLM operations (i.e., based on one and two RLM-RSs such as a single SS block index and two different SS block indexes), at least when no additional BW retuning is necessary for multi-beam operation compared to the single-beam operation and the same RLM-RS type is configured. 
· Proposal 4: The in-sync evaluation period can be the same at least for a single- and two-beam RLM operations (i.e., based on one and two RLM-RSs such as a single SS block index and two different SS block indexes), at least when no additional BW retuning is necessary for multi-beam operation compared to the single-beam operation and the same RLM-RS type is configured.
2.4 Numerology impact
Numerology may have impact at least on the control channel configuration and performance and thus map to a different radio link quality depending on whether the control channel and RLM-RS have the same or different numerologies. It is thus not justified to always assume that the numerologies of RLM-RS and hypothetical control channel are the same.
· Proposal 5: RLM requirements shall support both scenarios:
· RLM-RS and hypothetical control channel have the same numerology
· RLM-RS and hypothetical control channel have the different numerologies
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