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[bookmark: OLE_LINK272][bookmark: OLE_LINK273]Introduction
In the last meeting, following agreements were made related to NR Radio Link Monitoring [1]:

	
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



In this contribution, we provide discussion on the remaining issues of RLM, e.g. the properties of RLM-RS resource, configuration for IS/OOS BLER, and the relationship between RLM and beam failure recovery (BFR).
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Discussion
Properties of RLM-RS resource
There are two types of RS can be configured as RLM-RS, SS block or CSI-RS, and the RLM-RS is undefined until explicitly/implicitly configured. It was agreed that UE assumes same antenna port between hypothetical PDCCH and RLM-RS, but some mismatch could still happen for SSB based RLM. One mismatch is the frequency location, because the frequency location of SSB is likely static in a frequency range but the frequency location of configured CORESET could be dynamic. Therefore, SSB and CORESET could locate at different frequencies, so SSB based RLM may not accurately represent the NR PDCCH performance. 
[bookmark: _Ref494725059]Observation 1: SSB and CORESET could locate at different frequencies, so channel quality based on SSB may not accurately represent NR PDCCH performance. 

One open issue is how to indicate the interference measurement resource for RLM, and the options could be:
· Option 1: the same resources as RLM-RS
· Option 2: predefined resources within CORESET
· Option 3: configurable
· Option 4: up to UE implementation
It’s natural to measure the interference level on the RLM-RS (option 1). One possible concern could be the interference observed in SSB is relatively deterministic, which could be different from the interference observed in control channel. Nevertheless, for CSI-RS based RLM, the interference observed on CSI-RS can be relatively random, and the same frequency location of CSI-RS can be configured as the same as CORESET, so it could better estimate the NR PDCCH performance.
[bookmark: _Ref494741629]Observation 2: The interference observed on CSI-RS can be relatively random, and the same frequency location of CSI-RS can be configured as the same as CORESET.

One concern on Option 2 is the configured CORESET could include DMRSs configured for other UEs. The DMRSs for other UEs may be regarded as interference when performing the interference measurement, but it will not degrade the NR PDCCH performance, so the interference level could be over-estimated.
[bookmark: _Ref494725065]Observation 3: CORESET may include DMRSs configured for other UEs, and it may over-estimate interference level.
Option 3 and Option 4 could provide more flexibility to improve estimation accuracy of NR PDCCH performance. However, power consumption is one key design requirement for UE implementation, and minimizing the number of active slots within one DRX cycle is beneficial for power saving. Therefore we prefer interference measurement resource and signal measurement resource are in the same slot.
[bookmark: _Ref494485477]Proposal 1: Interference measurement resource and signal measurement resource are at least at the same slot.

In case of CSI-RS based RLM, we prefer the CSI-RS for beam management rather than the CSI-RS for L3 mobility. Because the former one could have shorter periodicity, and it can be QCLed to control channel to represent its actual quality while the latter one may be with wider beam to provide better cell coverage. Furthermore, control channel is one port, so RLM should be based one of CSI-RS ports for beam management. CSI-RS for P1 BM is periodic, and once it is configured, UE is able to perform RLM based on it, and it saves RS overhead by avoiding additional configured CSI-RS.  
[bookmark: _Ref494485488]Observation 4: CSI-RS for beam management could have short periodicity than CSI-RS for L3 mobility.
[bookmark: _Ref494485494]Proposal 2: A subset of CSI-RS resources configured for P1 BM is configured as RLM-RS. 

One other open issue is the number of RLM-RS that UE should monitor. The motivation to support the multiple PDCCH monitoring was improving the robustness in multi-beam scenario, and it may require only small number of RLM-RS. Monitoring on large number of RLM-RS will significantly increase UE complexcity, and it shows no strong motivation to do so. 
[bookmark: _Ref494726233]Proposal 3: The maximum number of RLM-RS that UE should monitor is small, e.g. 2~3. 

It also has been discussed whether configured RLM-RS resource(s) and RS(s) used for beam failure detection (BFD-RS) are same or different set. In the case of different sets of RS, there could be 3 cases: 
· Case 1: The set of RLM-RS is a subset of the set of BFD-RS
· Case 2: The set of BFD-RS is a subset of the set of RLM-RS
· Case 3: The set of RLM-RS and the set of BFD-RS are partially overlapped
In the case 2 and 3, the set of BFD-RS will not link to the quality of all RLM-RS resources, so it could unnecessarily trigger beam failure recover (BFR) procedure (e.g. RLM-RS resources could be good and not detected by BFD-RS), and it is not desirable. For the case 1, RLF could come early than the triggering of beam failure recovery procedure when all RLM-RS with bad quality, because some BFD-RSs could be good and prevent the triggering of BFR procedure. Therefore, to have a consistent behavior of RLM and BFR to avoid unnecessary BFR and to properly trigger BFR process, it prefers the same set of RSs are used for RLM and BFD.
[bookmark: _Ref494485481]Proposal 4: The configured RLM-RS resource(s) and RS(s) used for beam failure detection (BFD-RS) should be the same set.

Configuration for IS/OOS BLER
It agreed one pair from two pairs of BLERs will be configured to UE. One open issue is how to indicate/configure this one pair of BLERs. However, it has not seen strong motivation to implicitly derive BLER, and how to implicitly derive it not clear. Besides, RLM is performed in CONNECTED mode and the explicit RRC configuration is available. Therefore, explicit RRC configuration is preferred.
[bookmark: _Ref494485512]Proposal 5: BLER for RLM should be explicit configured to UE via RRC signaling.

The use case discussed for this two pairs of IS/OOS BLER was for VOIP vs. eMBB. Regarding support of URLL and mMTC, it may introduce more pairs of BLERs for IS/OOS. However, not all UEs will support URLLC/mMTC/eMBB simultaneously, so it should at least depend on UE capability to support more pairs of IS/OOS BLERs for mMTC and URLLC.
[bookmark: _Ref494485519]Observation 5: Not all UEs will support URLLC/mMTC/eMBB simultaneously, 
[bookmark: _Ref494485529]Proposal 6: It should at least depend on UE capability to support more pairs of IS/OOS BLERs for mMTC and URLLC

Relationship between RLM and beam failure recovery (BFR)
Based on RAN1 agreement, both non-contention based PRACH and PUCCH can be used to transmit the beam failure recovery (BFR) request. Which channel to use can be configured by gNB. The BFR procedure is considered as unsuccessful if no response is received after the BFR request, and UE will sends an indication of unsuccessful BFR to higher layers, refraining from further BFR procedure. 
It is possible to determine unsuccessful BFR based on NW configured parameters such as maximum number of transmissions of BFR request, solely based on timer, or their combination. For example, the BFR procedure is considered as unsuccessful if the number of transmissions of BFR request exceeds the configured maximum value or if no response is received before the expiry of the configured timer. Additionally, the timer or the counter can be set to infinity to disable the indication of successful/unsuccessful BFR, and RLF still runs based on the OOS indications.
However, no matter which criterion is used for unsuccessful BFR determination, it means there is no beam available for UE to recover the radio link with the network within a configured period, so RLF should be declared. Early RLF declaration before T310 expiry can limit UL interference and expedite beam recovery procedure. 
[bookmark: _Ref494485564]Observation 6: The indication of unsuccessful beam failure recovery means there is no beam available for UE to recover the radio link with the network within a configured period. 
[bookmark: _Ref494485571]Proposal 7: RLF is declared when the unsuccessful beam failure recovery indication is received from lower layer. 

Nevertheless, there is a risk that RLF declares even if beam recovery succeeds. Because IS/OOS is generated based on a number of historic measurement samples in a long evaluation period (e.g. 100/200 ms), the IS could not be sent out even when beam recovery succeeds. If the consecutive IS indications don’t reach the required number of N311 before T310 expiry, the RLF will be unnecessarily declared.
However, when beam recovery success indication is received from lower layer, the radio link with the network is available to continue the data transmission, so T310 should be stopped. Therefore, it is beneficial to support the indication of successful BFR to avoid false alarm of RLF.  Successful BFR means a response from gNB is received by UE. 
[bookmark: _Ref494485574]Proposal 8: Indication of successful beam failure recovery is sent to RRC. 
[bookmark: _Ref494485578]Proposal 9: The timer (e.g. T310) is stopped upon reception of the indication of successful beam failure recovery.

Conclusion
In this contribution, we provided more discussion on aspects related to radio link monitoring. Based on the discussion, the following proposals are given for consideration.
Observation 1: SSB and CORESET could locate at different frequencies, so channel quality based on SSB may not accurately represent NR PDCCH performance.
Observation 2: The interference observed on CSI-RS can be relatively random, and the same frequency location of CSI-RS can be configured as the same as CORESET.
Observation 3: CORESET may include DMRSs configured for other UEs, and it may over-estimate interference level.
Proposal 1: Interference measurement resource and signal measurement resource are at least at the same slot.
Observation 4: CSI-RS for beam management could have short periodicity than CSI-RS for L3 mobility.
Proposal 2: A subset of CSI-RS resources configured for P1 BM is configured as RLM-RS. 
Proposal 3: The maximum number of RLM-RS that UE should monitor is small, e.g. 2~3.
Proposal 4: The configured RLM-RS resource(s) and RS(s) used for beam failure detection (BFD-RS) should be the same set.
Proposal 5: BLER for RLM should be explicit configured to UE via RRC signaling.
Observation 5: Not all UEs will support URLLC/mMTC/eMBB simultaneously,
Proposal 6: It should at least depend on UE capability to support more pairs of IS/OOS BLERs for mMTC and URLLC
Observation 6: The indication of unsuccessful beam failure recovery means there is no beam available for UE to recover the radio link with the network within a configured period.
Proposal 7: RLF is declared when the unsuccessful beam failure recovery indication is received from lower layer.
Proposal 8: Indication of successful beam failure recovery is sent to RRC.
Proposal 9: The timer (e.g. T310) is stopped upon reception of the indication of successful beam failure recovery.
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