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1	Introduction
Beam Failure Recovery related configuration was discussed during RAN2 NR ad hoc 1801 meeting:
	R2-1801198	ASN.1 for beam failure recovery	Huawei, HiSilicon	discussion	Rel-15	NR_newRAT-Core	Late

=>	RLM related parameters (DL related) are separate from beam failure recovery related parameters (UL+DL related). Beam failure recovery related parameters may be located close to the RACH parameters or in a single.
[bookmark: _Toc504743850]=>	Progress the detailed structure for the beam failure recovery related parameters offline. (Offline discussion #02, Huawei). Outcome in R2-1801588

R2-1801588	ASN.1 for beam failure recovery	Huawei, HiSilicon	discussion	Rel-15	NR_newRAT-Core
=>	Change are agreed to be included in the rapporteur CR
=>	Check next meeting based on latest RAN1 agreements.



The structure agreed in [1] has now been incorporated into the rapporteur CR and one issue to be still discussed was the relation between the reference signals used for RLM and the ones used for beam failure detection. Also, it is still unclear where to place RLM related configuration as indicated by the following FFS in the rapporteur RRC CR:
	Editor’s Note: FFS where to add RLM related parameters: rlm-ResourceConfigCSI-RS, rlm-ResourceConfigSS



In this contribution we discuss the relation between BFR RS and RLM RS and how this affects RRC configuration.
2	RLM and Beam Failure detection Reference Signals
RAN1# has made the following agreement on the type and maximum number of the RLM-RS:
Agreements in RAN1#91:
 - NR support configurability of different RLM-RS types to UE for each RLM-RS
	-  For value of X:
		For below 3GHz:  X = 2
		For above 3GHz and below 6GHz: X = 4
		For above 6GHz: X = [8]

Agreements: in RAN1 AH-1801:
- Confirm working assumption of maximum of 8 RLM-RSs for FR2 that can be configured for a UE
- At most X RLM RS resources can be configured per each BWP.
		Note: X is the maximum number of RLM-RS resources and RAN1 has already agreed on this value.
Additionally, RAN1 informed RAN2 about the “granularity” of the RLM and BFR related configurations in the LS in [2]:General parameter
RAN2 parameter name
RAN1 feature
Guidance

CA
Per UE

CSI/SRS/PTRS Resource Configuration
Per BWP

Configured UL grant
Per BWP

CSI & beam management framework
Per BWP

DL SPS
Per BWP

TPC-SRS-RNTI
FFS

SRS carrier switching
FFS

SUO
FFS

P_NR
Per UE
(…)
Initial access/RACH/Mobility
Group name
RAN1 parameter name
Guidance
Initial access
MIB
SIB1
ServingCellConfigCommon
Ssb-PositionInBurst
osi-SearchSpace
Per UE
RACH
RACH-ConfigCommonDL
RACH-ConfigCommonUL
prach-Msg1SubcarrierSpacing
prach-FDM
prach-frequency-start
CSI-RS-threshold
ra-PreambleIndex
ra-SearchSpace
CSI-RS-PRACH-association
CB-preambles-per-SSB
SSB-per-rach-occasion
SS-B-PRACH-CFRA-association
PACH-config-dedicated
Per Cell & Per BWP
RRM
RRM-MeasurementConfig
SMTC-Config
SMTC-Config-Idle
SSB-MeasurementTimingConfiguration
csi-rs-ResourceConfig-Mobility
ReferenceSignalConfig
SS-RSSI-MeasurementConfig
SS-RSSI-MeasurementSlotConfig
SS-RSSI-MeasurementSymbolConfig
FFS
RLM
RLM-RS-List
Per BWP

rlmInSyncOutOfSyncThreshold
Per UE
UL frequency shift 7.5KHz
FrequencyInfoUL
Per Cell


It can be seen that CSI and beam management related parameters should be configured per BWP and it should be noted that BFR related configuration is part of this framework. Similarly, RLM RS list is to be provided per BWP while IS and OOS thresholds are signalled per UE and applied on all cells and BWPs configured in the UE.
Observation 1: Reference signals for both beam failure detection and RLM should be configured per BWP. 
Observation 2: rlmInSyncOutOfSyncThreshold should be configured per UE.
As per RAN1 agreement both RLM and beam failure monitoring may rely on a set of reference signals and each of the RSes in this set may either be SS/PBCH Block (SSB) or CSI-RS. RLM-RS would be considered to be undefined before the network provides a dedicated configuration to the UE via RRC signaling. On the other hand, TS 38.213 clearly specifies UE’s behaviour in case the network does not provide explicit configuration of beam failure detection RS(s):
	
If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines  to include SS/PBCH blocks and periodic CSI-RS configurations with same values for higher layer parameter TCI-StatesPDCCH as for control resource sets that the UE is configured for monitoring PDCCH as described in Subclause 10.1.     



The above means that the indicated RS corresponding to the beam for PDCCH reception is also used for beam failure detection in case network does not explicitly configure any explicit resources, which gives the network additional flexibility and reduces signalling overhead if the network has preference to rely on beam failure monitoring on always active PDCCH beam. Similarly, as both beam failure detection RS and radio link monitoring RS are concerned with the control channel quality, and it was agreed in RAN1#91 to use the default BLER threshold of OOS of RLM for beam failure detection, it would be beneficial and more signaling efficient if the RLM-RS could be configured to be the same as the one used for beam monitoring/beam failure detection. What is more, RAN1 clearly considered this as one of the configuration options, which can be deduced from, e.g. the agreements they had, e.g. on aperiodic indications, which they also informed RAN2 about some time ago:
	Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used



Observation 3: For RLM and beam failure recovery RAN1 considered both the case where the same RS(s) are used and when the RS(s) are different.
Based on the above considerations it is required for the RRC signalling to support both these cases. The “same RS” case could be supported by simply having the network configure the same RSes with RRC signalling, but this would incur unnecessary signalling overhead. Therefore, it would be beneficial if the network could simply omit RLM-RS configuration, which would implicitly indicate that UE should assume RS(s) configured for beam failure detection as the RS(s) to be used for RLM as well. 
Proposal 1: RLM RS configuration should be optional and if not present, UE should use RS(s) used for beam failure detection for RLM as well. 
The proposal can be either achieved by using “Need S” code or by introducing a separate configuration option of “assume beam failure detection RS for RLM” in RLM configuration. The latter way seems to be clearer and allows for “Need M” code usage to enable delta signalling and would be preferred. We provide a relevant RRC TP in the Annex section of this contribution.
Proposal 2: Adopt the Text Proposal for RLM configuration as provided in Annex.
Although in our understanding the proposed configuration is aligned with RAN1 requirements, it might be worth informing RAN1 about the decision for them to have an opportunity to react in case that is not the case.
Proposal 3: Inform RAN1 about the decision regarding beam detection RS(s) and RLM RS(s) configuration options supported by RAN2 (as in Proposal 1).
3	Summary
In this paper we discussed the requirements with regards to beam detection RS(s) and RLM RS(s) and the interaction between them. It is observed that:
Observation 1: Reference signals for both beam failure detection and RLM should be configured per BWP. 
Observation 2: rlmInSyncOutOfSyncThreshold should be configured per UE.
Observation 3: For RLM and beam failure recovery RAN1 considered both the case where the same RS(s) are used and when the RS(s) are different.
Based on these observations and considerations outlined in the contribution it is proposed to agree on the following:
Proposal 1: RLM RS configuration should be optional and if not present, UE should use RS(s) used for beam failure detection for RLM as well. 
Proposal 2: Adopt the Text Proposal for RLM configuration as provided in Annex.
Proposal 3: Inform RAN1 about the decision regarding beam detection RS(s) and RLM RS(s) configuration options supported by RAN2 (as in Proposal 1).
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[1] R2-1801588, ASN.1 for beam failure recovery,	Huawei, HiSilicon
[2] [bookmark: _Hlk506195996]R1-1801281, LS on correction to RRC parameters for NR, Source: RAN1


Annex – Text Proposal for 38.331 on RLM configuration
[bookmark: _Toc505697534]–	BandwidthPart-Config
The BandwidthPart-Config IE is used to configure a bandwidth part as defined in 38.211, section 4.2.2. 
For each serving cell the network configures at least an initial bandwidth part comprising of at least a downlink bandwidth part and one (if the serving cell is configured with an uplink) or two (if using supplementary uplink (SUL)) uplink bandwidth parts. Furthermore, the network may configure additional uplink and downlink bandwidth parts for a serving cell. 
The bandwidth configuration is split into uplink and downlink parameters and into common and dedicated parameters. Common parameters (in UplinkBWP-Common and DownlinkBWPCommon) are ”cell specific” and the network ensures the necessary alignment with corresponding parameters of other UEs. The common parameters of the initial bandwidth part of the PCell are also provided via system information. For all other serving cells, the network provides the common parameters via dedicated signalling.
BandwidthPart-Config information element
-- ASN1START
-- TAG-BANDWIDTH-PART-START


[bookmark: _Hlk493885487]-- Generic parameters used in Uplink- and Downlink bandwidth parts
BWP ::= 					SEQUENCE {
	-- An identifier for this bandwidth part. 
	-- Corresponds to L1 parameter 'UL-BWP-index'. (see 38.211, 38.213, section 12)
	bwp-Id							BWP-Id,
	-- Frequency domain location and bandwidth of this bandwidth part defined commonly in a table (FFS_Section). The location is given as 
	-- distance (in number of PRBs) in relation to the lowest usable subcarrier defined by the SCS-SpecificVirtualCarrier
	-- with the same subcarrier spacing as this BWP. 
	-- Corresponds to L1 parameter 'DL-BWP-loc'. (see 38.211, section FFS_Section).		
	-- In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same location (see 38.211, section REF)
	-- FFS_Value: RAN1 seems to discuss the final range.  
	locationAndBandwidth			INTEGER (1..65536),
	-- Subcarrier spacing to be used in this BWP. It is applied to at least PDCCH, PDSCH and corresponding DMRS.
	-- The values provided here are converted into a subcarrier spacing as indicated in 38.211, Table 4.2-1. 
	subcarrierSpacing				ENUMERATED {n0, n1, n2, n3, n4, n5},
[bookmark: _Hlk503891113]	-- Indicates whether to use the extended cyclic prefix for this bandwidth part. If not set, the UE uses the normal cyclic prefix. 
	-- Normal CP is supported for all numerologies and slot formats. Extended CP is supported only for 60 kHz subcarrier spacing. 
	-- (see 38.211, section 4.2.2)
	cyclicPrefix					ENUMERATED { extended }														OPTIONAL
}

UUplinkBWP ::= 			SEQUENCE {
	-- An identifier for this bandwidth part. BWP ID=0 is used for the initial BWP and may hence not be used here.
	-- Corresponds to L1 parameter 'UL-BWP-index'. (see 38.211, 38.213, section 12)
	bwp-Id								BWP-Id,
	bwp-Common							UplinkBWP-Common														OPTIONAL,	-- Need M
	bwp-Dedicated						UplinkBWP-Dedicated														OPTIONAL,	-- Need M
	...
}

UplinkBWP-Common ::=				SEQUENCE {
	genericParameters					BWP,
	-- FFS: Consider adding conditions for the following fields:
	rach-ConfigCommon					SetupRelease { RACH-ConfigCommon }										OPTIONAL, 	-- Need M
	pusch-ConfigCommon					SetupRelease { PUSCH-ConfigCommon }										OPTIONAL, 	-- Need M
		
	pucch-ConfigCommon					SetupRelease { PUCCH-ConfigCommon }										OPTIONAL, 	-- Need M
	...
}

UplinkBWP-Dedicated ::= 	SEQUENCE {
	-- PUCCH configuration for one BWP of the regular UL or SUL of a serving cell. If the UE is configured with SUL, the network 
	-- configures PUCCH only on one of the uplinks (UL or SUL).
	pucch-Config						SetupRelease { PUCCH-Config }											OPTIONAL, 	-- Need M
	-- PUSCH configuration for one BWP of the regular UL or SUL of a serving cell. If the UE is configured with SUL and
	-- if it has a PUSCH-Config for both UL and SUL, a carrier indicator field in DCI indicates for which of the two to use an UL grant.
	-- See also L1 parameter 'dynamicPUSCHSUL' (see 38.213, section FFS_Section)
	pusch-Config						SetupRelease { PUSCH-Config }											OPTIONAL, 	-- Need M
	-- A Configured-Grant of typ1 or type2. It may be configured for Ul or SUL but not for both at a time.
	configuredGrantConfig				SetupRelease { ConfiguredGrantConfig }									OPTIONAL, 	-- Need M
	srs-Config							SetupRelease { SRS-Config }												OPTIONAL, 	-- Need M
	...
}


DownlinkBWP ::= 					SEQUENCE {
	-- An identifier for this bandwidth part. BWP ID=0 is used for the initial BWP and may hence not be used here.
	-- Corresponds to L1 parameter 'DL-BWP-index'. (see 38.211, 38.213, section 12)
	bwp-Id								BWP-Id,
	bwp-Common							DownlinkBWP-Common												OPTIONAL,	-- Need M
	bwp-Dedicated						DownlinkBWP-Dedicated											OPTIONAL,	-- Need M
	...
}


DownlinkBWP-Common ::=				SEQUENCE {
	genericParameters					BWP,
	pdcch-ConfigCommon					SetupRelease { PDCCH-ConfigCommon }										OPTIONAL,	-- Need M
	...
}

DownlinkBWP-Dedicated ::= 			SEQUENCE {
	pdcch-Config						SetupRelease { PDCCH-Config }											OPTIONAL,	-- Need M
	pdsch-Config						SetupRelease { PDSCH-Config }											OPTIONAL,	-- Need M 
	sps-Config							SetupRelease { SPS-Config }												OPTIONAL, 	-- Need M
	beamFailureDetectionConfig			SetupRelease { BeamFailureDetectionConfig }								OPTIONAL,	-- Need M
	rlm-RS-Config						SetupRelease { RLM-RS-Config }											OPTIONAL,	-- Need M
	...
}

BWP-Id ::=					INTEGER (0..maxNrofBandwidthParts-1)

-- TAG-BANDWIDTH-PART-STOP 
-- ASN1STOP


–	RLM-RS-Config
The RLM-ConfigBWP IE is used to configure reference signals to be used by the UE for radio link monitoring (RLM).
RLM-RS-Config information element
-- ASN1START
-- TAG-RLM-RS-CONFIG-START

RLM-RS-Config ::=						CHOICE {
	rlm-RS-List								SEQUENCE (SIZE(1..maxNrofRLM-RS-Resources)) OF CHOICE {
		ssb-Index								SSB-Index,
		csi-RS-Index							NZP-CSI-RS-ResourceId
	}
	useBeamFailureDetectionRS				NULL
}

-- TAG-RLM-RS-CONFIG-STOP
-- ASN1STOP


[bookmark: _Toc505697537][bookmark: _Hlk504051480]–	CellGroupConfig
The CellGroupConfig IE is used to configure a master cell group (MCG) or secondary cell group (SCG). A cell group comprises of one MAC entity, a set of logical channels with associated RLC entities and of a primary cell (SpCell) and one or more secondary cells (SCells).
CellGroupConfig information element
-- ASN1START
-- TAG-CELL-GROUP-CONFIG-START

-- Configuration of one Cell-Group:
CellGroupConfig	::= 						SEQUENCE {
[bookmark: _Hlk505373452]	cellGroupId									CellGroupId,

[bookmark: _Hlk505373313]	-- Logical Channel configuration and association with radio bearers:
	rlc-BearerToAddModList 						SEQUENCE (SIZE(1..maxLCH)) OF RLC-Bearer-Config					OPTIONAL,   -- Need N
	rlc-BearerToReleaseList						SEQUENCE (SIZE(1..maxLCH)) OF LogicalChannelIdentity			OPTIONAL,   -- Need N

	-- Parameters applicable for the entire cell group:
	mac-CellGroupConfig							MAC-CellGroupConfig												OPTIONAL,	-- Need M
	physicalCellGroupConfig						PhysicalCellGroupConfig											OPTIONAL,	-- Need M

	-- Serving Cell specific parameters (SpCell and SCells)
	spCellConfig									SpCellConfig														OPTIONAL, 	-- Need M
[bookmark: _Hlk505373532]	sCellToAddModList								SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellConfig				OPTIONAL,	-- Need N
	-- List of seconary serving cells to be released (not applicable for SpCells)
	sCellToReleaseList								SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellIndex					OPTIONAL,	-- Need N
	...
}

-- The ID of a cell group. 0 identifies the master cell group. Other values identify secondary cell groups.
-- In this version of the specification only values 0 and 1 are supported.
-- FFS: Should the constant anyway account for larger values? Extending it in the future will otherwise become very difficult. 
[bookmark: _Hlk504051597]CellGroupId ::=								INTEGER (0.. maxSecondaryCellGroups)


[bookmark: _Hlk505675945][bookmark: _Hlk505677247]RLC-Bearer-Config ::=								SEQUENCE {
	-- ID used commonly for the MAC logical channel and for the RLC bearer.
	logicalChannelIdentity						LogicalChannelIdentity,

	-- Associates the RLC Bearer with an SRB or a DRB. The UE shall deliver DL RLC SDUs received via the RLC entity of this
	-- RLC bearer to the PDCP entity of the servedRadioBearer. Furthermore, the UE shall advertise and deliver uplink PDCP PDUs of the 
	-- uplink PDCP entity of the servedRadioBearer to the uplink RLC entity of this RLC bearer unless the uplink scheduling 
	-- restrictions ('moreThanOneRLC' in PDCP-Config and the restrictions in LogicalChannelConfig) forbid it to do so.
	servedRadioBearer							CHOICE {
		srb-Identity                           SRB-Identity,
		drb-Identity                           DRB-Identity
	}																											OPTIONAL,	-- Cond LCH-SetupOnly

	reestablishRLC								ENUMERATED {true}												OPTIONAL, 	-- Need N
	rlc-Config									RLC-Config														OPTIONAL,	-- Cond LCH-Setup

	mac-LogicalChannelConfig					LogicalChannelConfig											OPTIONAL	-- Cond LCH-Setup	
}

LogicalChannelIdentity ::= 					INTEGER (1..maxLC-ID)

-- Cell-Group specific L1 parameters
PhysicalCellGroupConfig ::=					SEQUENCE {
	-- Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUCCH 
	-- reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule.
	-- Corresponds to L1 parameter 'HARQ-ACK-spatial-bundling' (see 38.213, section FFS_Section)
	-- Absence indicates that spatial bundling is disabled.
	harq-ACK-SpatialBundlingPUCCH				ENUMERATED {true}												OPTIONAL,	-- Need R

	-- Enables spatial bundling of HARQ ACKs. It is configured per cell group (i.e. for all the cells within the cell group) for PUSCH 
	-- reporting of HARQ-ACK. It is only applicable when more than 4 layers are possible to schedule.
	-- Corresponds to L1 parameter 'HARQ-ACK-spatial-bundling' (see 38.213, section FFS_Section)
	-- Absence indicates that spatial bundling is disabled.
	harq-ACK-SpatialBundlingPUSCH				ENUMERATED {true}												OPTIONAL,	-- Need R
	p-NR									P-Max					OPTIONAL,
	nonCriticalExtension					SEQUENCE{}															OPTIONAL
}


-- Serving cell specific MAC and PHY parameters for a SpCell:
SpCellConfig ::=						SEQUENCE {
	-- Serving cell ID of a PSCell (the PCell of the Master Cell Group uses ID = 0)
	servCellIndex						ServCellIndex															OPTIONAL,	-- Cond SCG
	-- Parameters for the synchronous reconfiguration to the target SpCell:
	reconfigurationWithSync 			SEQUENCE {
		spCellConfigCommon					ServingCellConfigCommon,
		newUE-Identity						RNTI-Value,
		t304								ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
		rach-ConfigDedicated				CHOICE {
			uplink								RACH-ConfigDedicated,
			supllementaryUplink					RACH-ConfigDedicated
		}																										OPTIONAL	-- Need N
	}																											OPTIONAL,	-- Cond ReconfWithSync

	rlf-TimersAndConstants				RLF-TimersAndConstants													OPTIONAL,	-- Need M
	-- Index corresponds to one of the two IS/OOS threshold pair for RLM. 
	-- Corresponds to L1 parameter ‘rlmInSyncOutOfSyncThrehold’ (see 38.213, section FFS_Section)
	rlm-IS-OOS-Threholds				ENUMERATED {0, 1}												OPTIONAL,	-- Need M
	spCellConfigDedicated				ServingCellConfig												OPTIONAL	-- Need M
}

SCellConfig ::=						SEQUENCE {
	sCellIndex							SCellIndex,
	sCellConfigCommon					ServingCellConfigCommon													OPTIONAL,	-- Cond SCellAdd
	sCellConfigDedicated				ServingCellConfig												OPTIONAL	-- Cond SCellAddMod
}

-- TAG-CELL-GROUP-CONFIG-STOP 
-- ASN1STOP
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