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1
Introduction 
In RAN1-90, some agreements on RLM were achieved [1]. 
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 threshold

In this paper, we discuss RLM from UE implementation point of view.
2
RLM overview
In LTE, UE shall use always-on CRS to derive radio link quality and exploit the radio link quality samples within OOS/INS period to determine whether to trigger OOS/INS indication. OOS and INS are specified in TS 36.133 based on PDCCH settings. So that known hypothetical performance BLER curves can be used to map radio link quality sample into PDCCH performance.
In NR RLM, as shown in Fig.1, RLM resources, beam recovery and management and CORESET are three key factors.
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Fig.1 RLM overview
Below, we provide a quick summary on the status and open issues in other WGs:

RLM resources: There are some RLM agreements made in RAN1-90. How to determine INS/OOS indication were agreed in R1-90. The remaining details on RLM resources including RLM resource type, RLM resource time-domain and freq-domain densities, bandwidth, how to estimate interference, and scrambling sequence are very important to RLM design. It will be extremely beneficial if these RLM resource settings can be finalized as soon as possible.  
Beam recovery and management: UE may change serving Tx beam(s) via recovery mechanism/management. After beam switching, the estimated radio link quality will react corresponding so that beam recovery/management are highly related with RLM. Although beam recovery/management is not finalized, beam recovery/management and RLM need to be jointly considered. 

CORESET: CORESET is one fundament of RLM. RAN4 will decide the PDCCH parameters for RLM, RLM test case designs and testing INS/OOS SNRs based on simulation alignment but the details of CORESET are still discussing in RAN1 including  

· REG bundle
· DMRS density
· Aggregation level and PDCCH search space 
· DCI format/DCI size 
· QCLed RS and QCLed assumption
· …
Observation 1: RLM is highly related with CORESET, beam recovery/management and RLM resources designs.
3
Discussion on RLM
In this section, as shown in RLM overview, we discuss the detailed RLM design in three aspects, RLM resources, hypothetical PDCCH performance, and interaction between beam recovery/management and RLM.
3.1 RLM resource

The symbols used for interference measurement can be same or different from the symbol from RLM-RS resource(s). It is now studying in RAN1. From UE implementation point of view, we prefer interference part and signal part are confined at the same slot. Power consumption is one key design requirement for UE implementation. Configuring RLM interference measurement resource and signal measurement resource at the same slot could reduce the number of active slots within one DRX cycle and it is beneficial for power saving.
Proposal 1: RLM Interference measurement resource and signal measurement resource are at the same slot.
In LTE, RLM is based on always-on CRS and the UE can freely choose DL subframes and derive RLM quality. In NR the always-on CRS is replaced by RLM resources. INS/OOS indication accuracy is highly dependent on the number available RLM resource subframes within the INS/OOS evaluation period. To make sure that UE can have sufficient RLM samples within INS/OOS evaluation period, the time-domain density of RLM-RS shall be dense enough. In LTE, UE shall perform radio link quality assessment once every 10ms. Therefore 10ms periodicity for RLM-RS could be a good starting point for NR. There are CSI-RS based and SSB-based RLM resource types. For SSB-based RLM resource, SSB periodicity could be configured as long as 160ms. UE may encounter the situation that none of SSB-based RLM resource is available within 100ms INS evaluation period. Extending the INS/OOS evaluation period and enlarging INS/OOS indication periodicity may be the solution. The side effect of longer latency of INS/OOS indication may emerge and RAN4 shall study whether larger time-domain periodicity of RLM resource is suitable for RLM. 
Proposal 2: 10ms periodicity for RLM-RS could be a good starting point for NR. RAN4 shall study side effects on RLM when long periodicity of RLM resource is configured.
3.2 Hypothetical BLER 
According to RAN1 agreement, RLM-RS shall be able to reflect control channel quality. LTE PDCCH performance curve is a function of cell bandwidth, aggregation level, DCI size, CRS port number and channel model. However, in NR PDCCH of CORESET is more flexible due to additional configurable parameters including PRB bundling, precoding method, CORESET-specific aggregation level, and PDCCH DMRS frequency domain density. As RAN1 allows the maximum flexibility in CORSET configuration, the combination that RAN4 needs to handle increases exponentially. Moreover, gNB may configure UE to monitor ``X’’ RLM resources, and each resource may be configured with different OOS/INS BLER thresholds. RLM resource shall be able to represent PDCCH performance. Due to many PDCCH parameter combinations, we have a concern on the complexity between RLM-RS and control channel quality mapping as well as the workload in RAN4. RAN4 shall down select the combinations of COREST and configurable BLERS when specifying core requirements.
Proposal 3: To reduce RLM complexity, RAN4 shall down select the combinations of COREST and configurable BLERS when specifying core requirement. 
In RAN1 agreement, the number of monitoring beam pair links with NR-PDCCH may depend on UE capability, as captured below:

	Agreements:
•       NR-PDCCH transmission supports robustness against beam pair link blocking

–      UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

•       M≥1. Maximum value of M may depend at least on UE capability.


From the viewpoint of specifying requirement, we should assume the maximum value RLM resource to be 1 as the baseline. 

Proposal 4: The number of RLM resource to be 1 as the baseline.
3.3 Interaction between beam recovery/management and RLM
In non-DRX mode, UE shall monitor radio link quality at least once every 10ms. The 200 ms OOS and 100 ms INS measurement period provide that there are sufficient samples to determine OOS and INS indication, respectively. When all control serving beams fail, the beam recovery mechanism triggered. Upon receiving response of beam recovery request from network, the UE can start to switch beams to candidate beams based on the response. It is expected that there is no more OOS indication due to successful beam recovery. Meanwhile, radio link quality becomes better. However, unexpected OOS indication may occur because there are large portion of radio link samples within the buffer of OOS measurement period that belong to previous serving control beams. To prevent unexpected OOS indication from L1, UE shall calculate INS/OOS indication based on the radio link quality samples of current serving beams only.
Proposal 5: UE shall calculate INS/OOS indication based on the radio link quality samples of current serving beams only.
4
Summary
In this contribution, we provided more discussion on aspects related to RLM design. Based on the discussion, the following observations and proposals are given for consideration.
Observation 1: RLM is highly related with CORESET, beam recovery/management and RLM resource.

Proposal 1: RLM Interference measurement resource and signal measurement resource are at the same slot.
Proposal 2: 10ms periodicity for RLM-RS could be a good starting point for NR. RAN4 shall study side effects on RLM when long periodicity of RLM resource is configured.
Proposal 3: To reduce RLM complexity, RAN4 shall down select the combinations of COREST and configurable BLERS when specifying core requirement.
Proposal 4: The number of RLM resource to be 1 as the baseline.

Proposal 5: UE shall calculate INS/OOS indication based on the radio link quality samples of current serving beams only.
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