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Introduction
The function of radio link monitoring (RLM) is to monitor the downlink signal quality of the primary serving cell/TRP for the purpose of indicating out-of-sync or in-sync status to higher layers. NR RLM for NR was discussed in previous meetings with the following agreements:
	RAN1#NR_AH03
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 (DCM) in R1-1716862, which is agreed in R1-1716917

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

Agreements:
· 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



	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



This contribution is an updated version of 	R1-1712362[8], continuing the discussion of the remaining issues in NR RLM after RAN1#NR_AH3.
NR RLM Design
The function of RLM is to monitor the DL signal quality of the primary cell (PCell and PSCell) for the purpose of determining UE out-of-sync or in-sync status. The RLM design should consider the following aspects:
· Criterion (metric) for the determination of the UE’s RLM status: in-sync or out-of-sync;
· Downlink reference signals for getting RLM measurement;
· RLM evaluation approach or procedure.



Figure 1. Illustration of LTE RLM Design

 

QCL relationship between PDCCH and CSI-RS
In RAN1#90, it was agreed that hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM, and 
· 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

In our view, whether there is the assumption of the QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters may have significant impact for the UE to determine internally the Qin/Qout thresholds with given BLERs of a hypothetical PDCCH. It requires to have the correct assumption in the determination of the Qin/Qout thresholds. False assumption either PDCCH and RLM-RS in a CORESET have  QCL relationship, but UE does not make such assumption, or PDCCH and RLM-RS in a CORESET don’t not have  QCL relationship, but UE makes such an assumption, will leads to the incorrect determination of the Qin/Qout thresholds, and makes the RLM procedure unreliable. In a real system design, it is clearly beneficial to have RRM reference signals (CSI-RS or SSB) be transmitted with the QCL relationship with the PDCCH/PDSCH. Thus, in our view, for RRM/RLM measurements, the UE may assume QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET.
Proposal 1: 
· 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.

Configuration of RLM-RS resources
In RAN1#90, it was agreed that NR supports to configure X RLM-RS resource(s), each RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port, and the RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM. The following issues are left as FFS: 
· how to configure RLM-RS resources in case of SS/PBCH block based RLM
· whether/which the default RLM-RS resource(s) is defined
· whether configured RLM-RS resource(s) and RS(s) used for beam failure detection are same or different set in case of CSI-RS based RLM, which CSI-RS is used, beam management CSI-RS or L3 mobility CSI-RS
· 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)

In RAN1#NR_AH03, it was agree to use RRC to configure RLM-RS resources in case of SS/PBCH block based RLM, and no default RLM-RS is defined. When CSI-RS is used as RLM-RS, a set of CSI-RS resources are explicitly configured as RLM RS by RRC.
It is still FFS whether a subset of CSI-RS resources configured for P1 BM is configured as RLM-RS

In our view, NR should avoid mixing the RLM-RS and beam management procedures due to different design targets, although the two procedures may have impact on each other. RLM-RS resources and beam management RS resources should be configured independently. However, it should not prevent the network to configure the same or different resources for both purposes.  Thus, the RLM-RS resources should be L3 mobility CSI-RS, although the network may configure the same or different CSI-RS resources for both purposes.

Configuration of interference measurement resources for RLM

For SS/PBCH-based RLM, we don’t see the need to configure the interference measurement resources for RLM. The UE can use the measurements based on SS/PBCH blocks, such as SS-RSRQ and/or SS-SINR for the SS/PBCH-based RLM.

For CSI-RS based RLM, we believe there is a need to have a careful simulation evaluation on if there is a need to configure the interference measurement resources for RLM. The configuration of interference measurement resources special for  RLM obvious takes more resource from the network, and also complicate the RLM procedure. Thus, it would be better to investigate the benefits and necessity before making the decision.

In summary, we have the following proposals for the configuration of RLM-RS resources:
Proposal 2:
·  RLM-RS resource(s) for RLM and RS(s) for beam failure detection should be configured independently, although they could be configured as the same or different sets.
· CSI-RS based RLM should be based on CSI-RS or L3 mobility.
· No need to configure interference management resources for SS/PBCH based RLM. 
· Further investigation is needed to decide whether to configure interference management resources for CSI-RS based RLM. 

Periodic and Aperiodic OOS Indications
In RAN1#90, it was agreed that 
· 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
· 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
In RAN1#NR_AH03, it was agreed that 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.

In our view, if X RLM-RS resources are configured for a CORESET of a UE, it implies that the network wants to let the UE to make RLM based on the monitoring of these RLM-RS resources. In general, the In-synch decision can be as long as the measurement from one of RLM-RS resources is above Q_in threshold considering the evaluation will be made during a period specified in RAN4 as agreed in RAN1#NR_AH03. For OOS eveluation, our preference is to have the seperate procedures for the RLM and beam failure recovery procedure, and thus the evalution of the OOS does not need to take beam failure recovery procedure into account. Also, since there is periodic OOS, we don’t see the need to have additional aperiodic OOS.

Proposal 3:
· The evaluation of OOS procedure should be seperate from that of the beam failure recovery procedure.
· No need to have aperiodic OOS indication.

RLM Thresholds
In LTE, the specification defines RLM Qout and Qin thresholds corresponding to 10% and 2% BLER of hypothetical PDCCH, but it does not directly define the Qout and Qin thresholds. In RLM design, the mapping of the 10% and 2% hypothetical PDCCH BLER to the Qout and Qin thresholds is UE purely implementation dependent. Given the facts that the hypothetical PDCCH is fixed in the specification, and the BLER values of the hypothetical PDCCH corresponding to the in-sync and out-of-sync are also fixed, LTE RLM design does not provide the flexibility in supporting different services. Although RLM Qout and Qin thresholds are set corresponding to 10% and 2% BLER of hypothetical PDCCH, the network has actually no control on how the UE gets/sets the thresholds and UE enters/exists in-synch or out-of-synch status independent of the real control channel configuration and performance. 

In order to provide the certain degree of the flexibility for NR RLM to support different types of services with different configurations of the control channel, it was agreed in RAN1#90 that NR supports x in-sync BLERs and x out-of-sync BLERs for a hypothetical PDCCH, and the number of different BLER values x in the range of [1 < x <= 3]. 
In RAN1#NR_AH03, the following agreements were made:
· 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 configuration or implicitly derived from other parameter
· FFS the case of URLLC & mMTC

About whether the configuration is an explicit RRC configuration or implicitly derived from other parameter, the advantage of implicitly derived from other parameter is the reducing the RRC overhead. However, at this moment, it is unclear what parameter is used to derive the configuration. With the introducing of more and more advanced features, it may become complicated on how to derive the configuration and under which scenarios. It may also cause potential inconsistence between the IS/OOS BLER values derived at UE and the values derived at the BS.  To avoid all these potential issues, our suggestion is to use explicit RRC configuration. With proper design of the RRC signaling, the additional signaling overhead may only be 1 bit.
For the cases of URLLC & mMTC, our understanding is that RAN4 may need to develop hypothetical PDCCHs corresponding to URLLC and mMTC scenarios, similar with the cases of LTE eMTC and NB-IoT, where RAN4 developed hypothetical PDCCHs corresponding to eMTC and NB-IoT. Based on the hypothetical PDCCHs corresponding to URLLC and mMTC, RAN4 can further define corresponding IS/OOS BLERs.  
Proposal 4:
· In-synch and out-of-synch BLERs  should be explicitly RRC configured

Proposal 5:
· The agreements reached in about the IS/OOS configuration and thresholds can be extended to support other scenarios of URLLC and mMTC.  

Conclusion
In this paper, we discussed the remaining NR RLM issues and made the following proposals:
Proposal 1: 
· UE assumes QCL relationship between PDCCH transmitted in a CORESET and RLM-RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters.

Proposal 2:
·  RS resource(s) for RLM (RLM-RS) and RS(s) for beam failure detection should be configured independently, although the configured resources are allowed to be the overlapped.
· CSI-RS based RLM should be based on CSI-RS or L3 mobility.
· No need to configure interference management resources for SS/PBCH based RLM. 
· Further investigation is needed to decide whether to configure interference management resources for CSI-RS based RLM. 

Proposal 3:
· The evaluation of OOS procedure should be seperate from that of the beam failure recovery procedure.
· No need to have aperiodic OOS indication.

Proposal 4:
· In-synch and out-of-synch BLERs  should be explicitly RRC configured
Proposal 5:
· The agreements reached in about the IS/OOS configuration and thresholds for eMBB can be extended to support URLLC and mMTC.
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