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1. Introduction

At the last RAN1 meeting, RAN1 made following agreements, working assumptions, and conclusions related to radio link monitoring (RLM) and radio link failure (RLF) [1].
	Agreements:

· NR supports different maximum number of configured RLM-RS for different frequency ranges

· No need to support RLM capability signalling regarding # of RLM-RS for any frequency range.

Working assumption:

· 2 port CSI-RS is not supported for RLM purposes

Agreements:

· NR support configurability of different RLM-RS types to UE for each RLM-RS

Agreements:

· For value of X:

· For below 3GHz:  X = 2

· For above 3GHz and below 6GHz: X = 4

· For above 6GHz: X = [8]

Agreements:

· RLM-SSB: value range is 0, 1, …, 63

· RLM-CSI-RS-timeConfig: 

· Periodicity, P: {5ms, 10ms, 20ms, 40ms}

· Slot offset: {0, …, Ps-1} slots

· Where Ps is number of slots within period P in the CSI-RS numerology

· RLM-CSI-RS-FreqBand

· Adopt the parameter values agreed in BM with following exception:

· Minimum number of PRB is 24.

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

Conclusion:

· RLM measurement evaluation period for RLM is up to RAN4. 

· No further discussion necessary in RAN1.

Conclusion:

· RAN1 re-confirms “UE assumes same antenna port between hypothetical PDCCH and RLM-RS”
Agreements:

· At least the following parameters CSI-RS configuration fields are not applicable to RLM-CSI-RS

· (working assumption) CDMType (cd-pattern)

· CSI-IM-RE-pattern

· CSI-IM-Resource

· CSI-IM-ResourceId

· CSI-IM-timeConfig

· CSI-IM-FreqBand

· CSI-IM-ResourceMapping

· FFS QCL-Info-CSI-RS
· The above has no RRC impact
Agreements:

· UE is not required to perform RLM measurements outside the active DL BWP

· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 

· LS to RAN4 regarding the above agreements without the note (R1-1721694) – Daewon (Intel)

· The LS is approved by removing the bullet in yellow. Final LS in R1-1721721


In this contribution, we discuss on the remaining issues on RLM-RS configuration and relationship between RLM and beam management. 
2. Discussions
Support of 2-port CSI-RS
At the last RAN1 meeting, there was a working assumption that 2 port CSI-RS is not supported for RLM purposes. Since the functionality of RLM is to monitor control channel’s quality which is transmitted by using a single antenna port, 2-port CSI-RS seems not so necessary. In case of 2 port CSI-RS for RLM, further specification is needed for the UE to compute the hypothetical PDCCH BLER, where the PDCCH is single port. UE complexity would be increased for such computation. Therefore, the working assumption can be confirmed to not support 2-port CSI-RS for RLM.
Maximum number of RLM-RS to be configured for above 6GHz
At the last RAN1 meeting, it was discussed that NR supports configuration of at most X=[8] RLM-RS resources for a UE for above 6GHz. However, we still have a concern that 8 seems too small considering the value of L for SSB and CSI-RS in high frequency band. If 8 is the maximum number of RLM-RS resources to be configured, RLM-RS resources need to be reconfigured within a cell when all original 8 beams are unavailable while there still exist other available beams for the UE within the same cell. Therefore, for above 6 GHz, larger maximum number of configured RLM-RSs can be considered. Some companies have concerns on UE complexity for monitoring a large number of beams simultaneously for RLM. At the last RAN1 meeting, UE complexity issue was discussed and RAN1 decided to follow Proposal A [2], in which UE is expected to monitor all configured RLM-RSs. However, the consensus was not captured in the agreement yet. To avoid ambiguity, it is suggested to clarify UE behaviour on whether to monitor all configured RLM-RSs or not in the specification. In addition, even though basically UE would be required to monitor all the configured RLM-RSs, there may be a way to relax UE complexity in some cases. For example, once UE detects at least one RLM-RS that satisfies IS condition, UE can stop monitoring the rest RLM-RSs. Therefore, considering the trade-off between complexity and benefit, the maximum number of RLM-RSs to be configured for above 6GHz can be a bit larger than 8, e.g., X=16 can be considered. 

Proposal 1:
· UE is expected to monitor all the configured RLM-RSs. 

· NR supports configuration of at most 16 RLM-RS resources for a UE for above 6 GHz.
RLM behaviour during RRC connection re-configuration for RLM-RS update
When RLM-RS resources for UE needs to be updated, RRC connection re-configuration is required for RLM-RS configuration. Conventionally in LTE, RRC connection re-configuration will not be initiated by RLM-RS configuration. Thus, UE RLM behavior during RRC connection re-configuration for RLM-RS configuration needs to be clarified in NR. We can consider following two options. 

Option 1: Since the change of RLM-RS has some similarity as handover, UE could apply similar behavior as reception of RRC re-configuration including mobility control information, e.g., to stop T310 if running. 
Option 2: In some cases, the updated RLM-RS configuration may be consistence with previous RLM-RS configuration, for example, the updated RLM-RS configuration may be a subset of previous RLM-RS configuration. In that sense, RLM based on previous RLM-RS resources may be still useful and UE can continue RLM based on previous configuration till RRC connection re-configuration complete. 
Considering UE energy consumption for Option 2 and potential too early RLF declaration in Option 2, it would be preferred that UE shall stop timer T310 and stop RLM during RRC re-configuration as in Option 1. 

Proposal 2:

· During RRC connection re-configuration for RLM-RS configuration, UE shall stop timer T310 if running and stop RLM on previous RLM-RS configuration till RRC connection re-configuration complete.
RLM measurements outside the active DL BWP
At the last RAN1 meeting, it was agreed that UE is not required to perform RLM measurements outside the active DL BWP. It is ambiguous and should be further clarified. At previous RAN1 meeting, it was agreed that there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell for a UE, and the active BWP can be switched by DCI dynamically. In previous agreements, it is not clear whether or not UE can be configured with DL BWP(s) that does not contain RLM-RS within its bandwidth for PCell/PSCell. Like LTE, RLM on PCell/PSCell should not be omitted. Therefore, to avoid such ambiguity, it should be clarified that PCell/PSCell cannot configure DL BWP which does not contain RLM-RS within its BW. In addition, in order to keep BWP configuration flexibility even in PCell/PSCell, RLM-RS configuration should be provided per DL BWP. When DL BWP is switched, RS resource(s) to be monitored should also be switched.
Proposal 3:
· UE is not expected to be configured with DL BWP which does not contain RLM-RS within its bandwidth on PCell/PSCell.
· RLM-RS configuration is provided per DL BWP.
Relationship between RLM and beam management (BM)
At the last RAN1 meeting, relationship between RLM and BM was discussed in [3]. Following two topics of (1) aperiodic IS/OOS reporting based on BM and (2) RLM-RS updates based on BM were discussed but no conclusion was drawn. 

(1) aperiodic IS/OOS reporting based on BM

The use of aperiodic IS/OOS indications based on beam failure recovery procedure can be considered to assist the RLF procedure. There are three sub-options for aperiodic indication(s) based on beam recovery procedure. 

In Option 1, only aperiodic IS indication is provided based on beam recovery success. The aperiodic IS indication means that there is at least one available PDCCH beam for the UE, and thus the indication would be beneficial to stop/reset T310 timer so as to avoid unnecessary RLF declaration. On the other hand, just stopping/resetting T310 timer may be too aggressive in some cases, for example, if only one narrow beam is identified in beam recovery procedure. 

In Option 2, only aperiodic OOS indication is provided based on beam recovery failure. However, it may be difficult to specify the proper UE behavior for the aperiodic OOS indication as it may not mean that there is no available PDCCH beam at all for the UE. For example, if the configured RS resource(s) for new candidate beam monitoring is a subset of all available beams for PDCCH transmission, there may still exist possible PDCCH beam for the UE even in case of beam recovery failure. 

In Option 3, both aperiodic IS and aperiodic OOS indications are provided based on beam recovery success or failure.
For the three options, as the meaning of beam recovery success/failure (especially beam recovery failure) depends on beam recovery configuration, it may be difficult to specify a single UE behavior when beam recovery success/failure happens. In order to achieve flexible beam recovery configuration, whether aperiodic IS based on beam recovery success or aperiodic OOS based on beam recovery failure is applied or not can be configurable by gNB. In addition, how to utilize the aperiodic IS/OOS indication can be also configurable if multiple UE behaviors, i.e., different implications of aperiodic IS/OOS indication in terms of RLM procedure, are defined. 

Proposal 4:
· 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.
(2) RLM-RS updates based on BM
The RLM-RS resources are UE-specifically configured by RRC signaling. In order to avoid too early RLF, a superset of beam management resources (e.g. CSI-RS resource) can be configured as RLM-RS. It was agreed that framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for beam management. In that case, additional updates of CSI-RS for RLM based on updates of CSI-RS in beam management would be necessary. The latest activated CSI-RS resource set for beam management should be used for CSI-RS for RLM. 
Proposal 5:
· If CSI-RS resource sets configured for beam management are used for RLM, CSI-RS set for RLM is updated based on the latest activated CSI-RS resource set for beam management.
3. Conclusion 

In this contribution, we discussed on the remaining issues on RLM-RS configuration and relationship between RLM and beam management.  Based on the discussion, we made following proposals. In addition, we prepared text proposal regarding UE behavior on configured RLM-RSs based on Section 5 of TS 38.213 v15.0.0, which is shown in the Annex.
Proposal 1:

· UE is expected to monitor all the configured RLM-RSs. 

· NR supports configuration of at most 16 RLM-RS resources for a UE for above 6 GHz.
Proposal 2:

· During RRC connection re-configuration for RLM-RS configuration, UE shall stop timer T310 if running and stop RLM on previous RLM-RS configuration till RRC connection re-configuration complete.
Proposal 3:

· UE is not expected to be configured with DL BWP which does not contain RLM-RS within its bandwidth on PCell/PSCell.
· RLM-RS configuration is provided per DL BWP.
Proposal 4:

· 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.
Proposal 5:

· If CSI-RS resource sets configured for beam management are used for RLM, CSI-RS set for RLM is updated based on the latest activated CSI-RS resource set for beam management.
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Annex 
***********************************Text Proposal *******************************************
5
Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. 
If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rlf-TimersAndConstantsSCG is provided by the higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG shall be monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. 
A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes per bandwidth part 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. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. The UE is expected to monitor all the configured RLM-RS resources. The UE is not expected to be configured with DL BWP which does not contain configured RLM-RS resources within the bandwidth of the DL BWP on each SpCell. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on each SpCell. When UE receives RRC connection re-configuration signalling [15, TS 38.331] from higher layer for RLM-RS configuration, UE shall stop radio link monitoring on previous RLM-RS resources till RRC connection re-configuration complete.
In non-DRX mode operation, the physical layer in the UE shall assess 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.

In DRX mode operation, the physical layer in the UE shall assess the radio link quality, evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin). 

The physical layer in the UE shall in frames where the radio link quality is assessed indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE shall in frames where the radio link quality is assessed indicate in-sync to higher layers.

