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1. Introduction
This contribution summarizes discussion aspects of NR RLM with updates based on offline discussions that took place on Thursday of the RAN1 #92 meeting week.
The GREY highlighted sections are issues that has been resolved in RAN1 #92.
The BLUE highlights are issues that contain suggested conclusion/proposal.
The YELLOW highlights are issue that require discussion.

2.  Summary of Key Issues for RLM

2.1 IMR for RLM [1][3]
	Agreements on IMR for RLM have been made, where the interference and noise measurement were left up to UE implementation. The following is the agreement from RAN1 #91.
	Agreements:
· In Rel-15, no explicit resources are defined and indicated to the UE for Interference and noise Measurement Resource (IMR) for RLM, and it is up to UE implementation on how interference and noise measurement can be performed. 
· It is understood that the UE may perform interference measurements on any resource (excluding SS/PBCH resource) with a known signal, i.e., a known reference signal, a transmission the UE can decode, or a resource element the UE knows is empty



It was mentioned by companies that this should be captured in the specification.
Following proposals were discussed, however it was noted by Chairman that UE implementation aspect do not need to get described in specification and therefore it is suggested to conclude this issues as it is. 
· Capture the following TP into RLM section of TS38.213. (Huawei, HiSilicon)
· It is up to UE implementation on how interference and noise measurement can be performed. UE may perform interference measurements on any resource with a known signal.
· The exclusion of SS/PBCH block resource used as IMR for radio link monitoring should be explicitly captured in the specification. (Vivo)
· The UE shall not perform interference and noise measurement on REs corresponding to the SS/PBCH blocks for radio link monitoring.



2.2 Relationship between RLF and BFD and BFR [1][2][3][5][6][8][11][13][14] 
The relationship between RLM and beam management has been discussed in previously meeting. No conclusions has been made due to de-prioritization of the issue. However, beam failure detection and RLM are based on the same fundamental measurement and could be potentially measured from the same set of RSs. There are several discussion aspects on this issue from several contributions.

Continue further discussion in next meeting on the following proposals. Please note there are RAN2 agreements that may affect RAN1 discussion, and therefore would suggest to also check relevant RAN2 agreements:
· NR support UE to deliver an indication from beam failure recovery procedure to high layers to assist the RLF procedure. (Huawei, HiSilicon)
· Establish coupling relationship between RLM-RS transmission period (or measurement period) and the number of configured RLM-RS resources to reduce the UE measurement complexity and power consumption, especially when more RLM-RS resources are configured. (ZTE, Sanechip)
· Discard some invalid measurement samples for IS/OOS evaluation to improve evaluation result accuracy and avoid unnecessary OOS when beam failure is recovered successfully. (ZTE, Sanechip)
· If an RLM-RS has been reconfigured during the previous time period defined in [10, TS 38.133], the UE shall only include measurement samples corresponding to the most recent RLM-RS configuration in the radio link quality assessment.
· If beam failure recovery succeeded or failed, an aperiodic indication can be sent to RRC layer to assist radio link monitoring procedure. (Vivo)
· For Rel-15, avoid using too complicated architecture to deal with the interaction between the BM and RLM. Either of the following options may be used to deal with the interactions between BM and RLM: (CATT)
· Alt. 1: up to UE’s implementation 
· Alt. 2: define a simple logic table to handle the interaction between the BM and the RLM. 
	Current RLM Status
	BM Event
	RLM Decision 

	IS
	Beam failure takes place
	IS IS

	OOS
	Beam failure takes place
	OOS OOS

	IS
	Beam recovery fails
	ISOOS

	OOS
	Beam recovery fails
	OOSOOS

	IS
	Beam recovery succeeds
	ISIS

	OOS
	Beam recovery succeeds
	OOSIS


· As periodic IS indication is applicable in case of successful beam recovery, the use case of the additional aperiodic IS indication is limited. (Samsung)
· When the PRACH is used for beam recovery, additional aperiodic indication of beam recovery failure to declare RLF is not necessary, since the beam recovery failure will result in random access failure detection, and, hence, UE will declare RLF accordingly. (Samsung)
· Additional condition for radio link problem indication is defined : When the beam recovery procedure is failed (e.g. new beam is not detected, the channel quality of the new best beam is worse than the pre-defined or pre-configured threshold after beam failure or network does not respond to beam recovery operation). (LGE)
· The use of aperiodic out-of-sync and in-sync indications based on beam failure recovery procedure should be supported to assist the RLF procedure. (AT&T)
· The use of aperiodic out-of-sync indications based on a beam failure recovery procedure (using the same or different RS as used for RLM) to assist the RLF procedure should be configurable for a UE. (AT&T)
· NR supports to configure whether aperiodic IS indication based on beam recovery success and/or aperiodic OOS indication based on beam recovery failure is/are applied to RLM procedure or not. (NTT Docomo)
· Aperiodic in-sync indication is provided to the higher layer, if UE receives configuration for a new set of RLM RS resources and at least one OOS indication was reported based on the previous RLM RS resources. (Motorola, Lenovo)
· Support of aperiodic OOS indication should be configurable by gNB. If configured, UE should be able to send to a higher layer an aperiodic OOS indication as soon as it initiates beam recovery procedure (i.e. beam failure detection).  (Motorola, Lenovo)
· NR shall support aperiodic IS indication based on failure of beam failure recovery procedure to assist radio link failure procedure. (Qualcomm)
· NR shall support aperiodic OOS indication based on failure of beam failure recovery procedure to assist radio link failure procedure. (Qualcomm)
· In a well-configured system, the indications based on the potentially reconfigured RLM-RS should stop indicating radio link problems after successful beam recovery. Explicit indications from successful beam recovery are thus unnecessary. (Ericsson)
· Unsuccessful beam recovery should not have any explicit impact on the RLM/RLF procedure. (Ericsson)



2.3 Relationship between RLM-RS and serving PDCCH monitoring [1][4][10]
If configured RLM-RS do not reflect Tx beam that could be potentially used by transmitting control and data signals, it can potentially cause fail to activate RLF in a proper manner.
Continue further discussion in next meeting on the following proposals. Please note there are RAN2 agreements that may affect RAN1 discussion, and therefore would suggest to also check relevant RAN2 agreements:
· UE is not expected to monitor a PDCCH whose DMRS is not QCL-ed with any of the configured RLM-RS resources (Huawei, HiSilicon)
· A set of RS can reflect the configured PDCCH shall be a subset of RLM-RS. UE is not expected to monitor a PDCCH of which the DMRS is not QCL-ed to any RLM RS. (Mediatek)
· RLM-RS configuration should be updated based on the latest activated TCI state indicated SSB/CSI-RS resource for PDCCH monitoring. (NTT Docomo)


2.4 Minimum number of RLM-RS configuration per BWP [7]
	During last RAN1 ad-hoc meeting, it has been agreed that at most X RLM RS resources can be configured per each BWP in order to facilitate the UE to perform RLM measurement within the activated BWP. However, it is still not concluded whether at least one RLM-RS resource is configured.
Continue discussion on the following proposals: 
· At least 1 RLM RS resources shall be configured per each BWP (OPPO)

Similar discussion took place in RAN1 2018 Ad-hoc #1, and it was clear that there was no consensus to define a minimal value for the number of configured RLM RS. Therefore, it is suggested to conclude this issue with defining additional requirements on the number of configured RLM RS..


2.5 QCL configuration for RLM-RS [7][12]
	According to the offline discussion in the last RAN1 meeting, QCL parameter could be potentially configured for RLM-RS. A company requested to further clarify the QCL parameter configuration, especially the QCL configuration between RLM-RS that belong to different BWPs.
Following proposals were discussed:
· QCL of RLM-RSs in different BWPs of the Pcell/PScell can be configured for the UE (OPPO)
· gNB can indicate spatial QCL relationship among RLM-RS resources of different BWPs. (Motorola, Lenevo)

Conclusions:
· No RRC configuration involvement in determining whether or not QCL of RLM-RSs in two or more different BWPs of the Pcell/PScell is assumed by the UE
· Discuss further offline whehther QCL is always assumed or no-QCL is always assumed

Suggested Conclusion:
· Given that QCL signaling is optionally signaled by network, no-QCL assumption should be baseline.

[bookmark: _GoBack]
2.6 RLM procedure and configuration related to multiple BWP [7][12]
	Some question on the RLM procedure and configuration related to multiple BWP configuration has been raised by companies. 
One of the potential issue isWhen RLM-RS for different BWP are configured with potentially different periodicity and time offset, UE may not be able to measure certain RLM-RS during dynamic switching of BWPs. A company has proposed some restriction on the configuration of the RLM-RS for different BWP to align the RLM-RS for all configured BWPs.
Conclusion (from Chairman):
· The following operation is clear from current specification:
· RLM IS or OOS status should be assessed based on the RLM resource set for the current active BWP.

Suggested Conclusion:
· Counter related aspects of RLM is RAN2 specification and therefore should be discussed in RAN2. Propose to skip the discussion regarding the following proposal:
· UE maintains one IS counter and one OOS counter per RLM cell for radio link failure related procedure.

Continue further discussion in next meeting on the following proposals:
· Proposes to configure the RLM-RSs for a beam with same periodicity & time offset in different BWPs. (OPPO)



2.7 Correction to configuration for RLM-RS [9][13]
In RAN1 2018 Adhoc #1 and RAN1 #91 meeting, it was agreed that CDMtype pattern related parameter is not applicable for CSI-RS configuration for RLM. The intent behind this decision was that only No CDM type should be used for the CDMtype. This description is missing from the current 38213 specification and may require an update. Additionally, RAN1 agreed that two-port CSI-RS configuration is not supported for RLM. As a result, only single port CSI-RS configuration is supported, which should be clearly captured in TS 38.213.

The following proposals was discussed in offline: 
· For CSI-RS configuration for RLM, only no CDM configuration is allowed for CDMtype. For CSI-RS configuration for RLM, either 1 or 3 density values is allowed. For CSI-RS configuration for RLM, only 1 port configuration is allowed. (Intel)

Suggested proposal for agreement:
· Note that In RAN1 2018 Ad-hoc#1, Pc-PDCCH parameter was removed (see agreement below). Therefore, Pc parameter could be remove the exclusion list for RLM RS.

RAN1 #92 Agreements:
· Agree the following TP:
========== Start of Text proposal for TS38.213 section 5 =========
A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, CDM-pattern, Pc, and Pc_SS in the CSI-RS configuration are not applicable. A two port CSI-RS configuration is not applicable for RLM. In CSI-RS resource configuration, only ‘No CDM’ is allowed for higher layer parameter CDM-Type, only ‘1’ and ‘3’ are allowed for higher layer parameter density, and only ‘1 port’ is allowed for higher layer parameter nrofPorts.  For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. 
========== End of Text proposal  =========



2.8 Fast configuration of RLM-RS [14]
	RRC based signaling of RLM-RS may not be fast enough to adapt to beam changes given that the number of RLM-RSs is limited. Support of faster configuration of RLM-RS would mitigate some of this issue.

Continue further discussion in next meeting on the following proposals:
· Introduce the possibility to activate RLM-RS resources using MAC CE. The UE is only required to monitor up to X activated RLM-RS resources. Increase the maximum number of configured RLM-RS resources to be equal to the maximum number of SS/PBCH blocks per cell. (Ericsson)



2.9 Smallest Periodicity of RLM reports [14]
	In RAN1 2018 ad-hoc #1, it was agreed that smallest RLM reporting would be 10 msec. The selection of the 10 msec stems from LTE and may require verification on whether this is periodicity is needed for NR. To reduce the complexity in computing the RLM metric, a company suggested to revisit the smallest periodicity for RLM reports.
Continue further discussion in next meeting on the following proposals:
· [bookmark: _Toc506470606]Increase the minimum periodicity of RLM indications to 20ms.


2.10 C-DRX and RLM-RS transmission [14]
	A company suggested we should have similar discussion as for transmission of CSI-RS for L3 mobility and its relationship with C-DRX. 

Continue further discussion in next meeting on the following proposals:
· A UE in DRX may NOT assume that a CSI-RS resource used for radio link monitoring is present outside the active time.


2.11 RLM evaluation period 
Consider the following example scenario in FR2 (illustrated in the below figure):
· Serving cell SSB periodicity is 20ms, so based on the current 38.213 Section 5, UE needs to monitor RLM once every 20ms 
· SMTC is configured every 40ms for supporting SSB-based RRM
· SSB for RLM/RRM is transmitted over the same sync raster
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In this case, UE shall use the serving Rx beam to monitor the SSB configured for RLM (RLM-SSB). If some neighbor cells are also seen in that SSB but with a different Rx beam, then UE shall not have opportunity to measure those neighbor cells (i.e., no SSB-based RRM measurements for those neighbor cell). 
As a result, it is proposed that the RLM evaluation period is relaxed for FR2 while meeting RAN4 RLM requirements.

Continue further discussion in next meeting on the following proposals:
========== Start of Text proposal for TS38.213 Section 5 =========
In non-DRX mode operation, the physical layer in the UE shall assess once per indication period for FR1 and once per N indication periods for FR2 the radio link quality, evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qout and Qin) configured by higher layer parameter RLM-IS-OOS-thresholdConfig. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec. It is up to UE implementation to select the value of N as long as the RLM requirements are satisfied. 
========== End of Text proposal for TS38.213 section 5 =========
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