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1. Introduction

In this contribution we provide our considerations on radio link monitoring in NR.
2. Discussion
Currently, the following agreements were made for radio link monitoring in RAN1 [1-2].

	Agreements: (RAN1#NR AH2 meeting)
· 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: (RAN1#NR AH2 meeting)
· 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
Agreements: (RAN1#90 meeting)

· 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: (RAN1#90 meeting)

· Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time
Agreements: (RAN1#90 meeting)

· 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: (RAN1#90 meeting)

· 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: (RAN1#90 meeting)

· 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: (RAN1#90 meeting)

· 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



Based on the above agreements, it can be seen that there are two types of radio link quality estimation. One is to evaluate the radio link quality according to periodic in-sync/out-of-sync indications, the other is to evaluate the radio link quality according to aperiodic indication(s) based on beam failure recovery procedure.
· Periodic In-sync/Out-of-sync Indications
UE perform measurements on RLM-RS to derive a hypothetical PDCCH BLER in order to evaluate the radio link quality of serving cell/TRP. In order to provide long-term cell-level link quality information, the estimated PDCCH BLER should be measured over a certain evaluation period. Obviously, the evaluation period shall be long enough to provide sufficient measurement samples in order to obtain an accurately estimated PDCCH BLER. However, too long evaluation period might not reflect the change of control channel quality timely. Hence, the proper evaluation period should be investigated for RLM requirements.

The estimated PDCCH BLER measured on RLM-RS resource(s) should represent control channel quality. Both CSI-RS and SS block can be used for RLM-RS. The control channel quality could be estimated based on SS block or based on CSI-RS. According to RAN1 design, SS block is quite different with CSI-RS (e.g., RS density, RS transmission periodicity, RS transmission bandwidth), which might lead to different evaluation period. RAN4 shall investigate the evaluation period for both SS block and CSI-RS.
Proposal 1: It is suggested to investigate the RLM evaluation periods separately for SS block based and CSI-RS based.
The estimated PDCCH BLER will be compared to the threshold Q_in and Q_out for determining in-sync and out-of-sync indication. The threshold Q_out corresponds to the link quality level below which the NR-PDCCH transmission cannot be reliably received, which is called as out-of-sync state. The threshold Q_in corresponds to the link quality level above which the NR-PDCCH transmission can be significantly reliably received, which is called as in-sync state. In NR, the thresholds Q_in and Q_out are defined as the hypothetical NR-PDCCH BLER. RAN4 needs to study the hypothetical NR-PDCCH transmission parameters (DCI format, aggregation level, PDCCH power boost value etc.) for in-sync/out-of-sync. The hypothetical transmission parameters are suggest to be typical NR-PDCCH configurations when UE in in-sync state or in out-of-sync state.
Proposal 2: RAN4 shall study the hypothetical NR-PDCCH transmission parameters for in-sync/out-of-sync, which needs RAN1 inputs on NR-PDCCH.
In LTE, the threshold Q_in is pre-defined as 2% BLER of a hypothetical PDCCH transmission, while the threshold Q_out is pre-defined as 10% BLER of a hypothetical PDCCH transmission. However, NR supports the threshold of Q_in/Q_out corresponding to several in-sync/out-of-sync BLER values. At most three in-sync/out-of-sync BLER values can be configured as Q_in/Q_out threshold. If UE do not receive such configuration, the default in-sync/out-of-sync BLER values may need to be defined.
According to current RAN1 conclusion, there may be multiple combinations of Q_out and Q_in. It should be considered that the corresponding SINR difference between Q_out and Q_in shall cover the propagation attenuation changing within a small range so that UE will not frequently report in-sync or out-of-sync indication due to small propagation attenuation changing. In LTE, The SINR level difference between Qout and Qin is about 4~5dB, which can be used as starting points.
Proposal 3: The difference between threshold Qout and threshold Qin should be large enough to cover a certain propagations attenuation changing.
· Aperiodic indication
According to RAN1 agreements on RLM, the aperiodic indication(s) based on beam failure recovery procedure is defined to assist radio link failure (RLF) procedure. However, RAN1/RAN2 has not defined the condition(s) of triggering aperiodic indication and decide how to use aperiodic indication. Currently, it is difficult to analyze the impacts of such aperiodic indication on RLM requirements.
3. Conclusions

This contribution provides some analysis on radio link monitoring requirements in NR. The following proposals are given: 
Proposal 1: It is suggested to investigate the RLM evaluation periods separately for SS block based and CSI-RS based.
Proposal 2: RAN4 shall study the hypothetical NR-PDCCH transmission parameters for in-sync/out-of-sync, which needs RAN1 inputs on NR-PDCCH.
Proposal 3: The difference between threshold Qout and threshold Qin should be large enough to cover a certain propagations attenuation changing.
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