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1 Introduction

The basic operation of RLF in EN-DC is almost same as LTE induced from the agreements so far, except the introduction of configured RS for RLM. Now we have to consider signaling aspects of RLM for NR RRC TS 38.331. 
2 RLM signaling in ASN.1 

Please refer the some related agreements in RAN1 in Appendix A.

2.1 location of RLM configuration 

RAN2 agreed RLM and RLF parameters are configured in SpCell configuration as following:
Agreements

1
RLM configuration and RLF related timers and constants are located as part of the SpCell configuration information (therefore a separate configuration from RRM)

FFS  Value range for T310/T313
2.2 RS for RLM
For RLM, RAN1 introduced RLM-RS as the reference signal for radio link monitoring usage. Each RLM-RS can be either one SSB or one CSI-RS resource [A90-1]. And RLM-RS is configured UE specifically for both SSB and CSI-RS based [A90-2] [A90b-3].  For SSB based RLM, there is no restriction on which SSB is used for RLM. For CSI-RS based RLM, the CSI resource which was configured for beam management in that SpCell through CSI-MeasConfig IE would be used [A90b-6].
2.3 signaling for RLM
NR support configurability of different RLM-RS types to UE for each RLM-RS [A91-1]. And for SSB based RLM, SSB index is used for indication [A91-2]. For CSI-RS based RLM, part of CSI-RS resources which was already configured for beam management in that SpCell is configured by referring index used in CSI-MeasConfig e.g., NZP-CSI-RS-ResourceId. [A90b-5]. Regarding the total number of RLM-RS is different per serving frequency range. Total 8 of RLM-RS can be configured with each RLM-RS having its own type. [A91-3]. For CSI-RS indication, there might be further information necessary like CSI-RS timeConfig and FreqBand after L1 parameter flushing [A91-4], [A91-5]. We can keep these as FFS.
2.4 New threshold for making IS/OOS indication
And there is new threshold pair indication for IS/OOS determination [A90b-1]. This is only indicating the index which is the one of two possible pair threshold values. The index means the pair BLER threshold for making OOS and IS indication and this values will be fixed in the specification, so there is no need of direct indication of the BLER value. 
Table 1: Out-of-sync and in-sync block error rates from RAN4
	Configuration
	BLERout
	BLERin

	0
	[10%]
	[2%]

	1
	TBD
	TBD


The motivation of new threshold value is from RAN1, and seems for more delay sensitive service like VoIP. Intended network operation would configure UE based on its service situation, like Index 0 is for normal service case (this values are the same as LTE ones) while index 1 is for sort of VoIP service. RAN4 will progress on TBD values. 
Based on the above agreements from RAN1, RAN2 can make signaling structure as following:

Proposal 1. Network configures RLM-RS parameters UE specifically.
Proposal 2. RLM-RS list has maximum 8 of RLM-RS’s.

Proposal 3. RLM-RS can be either SSB or CSI-RS

Proposal 4. For RLM, SSB can be indicated using SSB index configured for that SpCell

Proposal 5. For RLM, CSI-RS can be indicated using CSI-RS resource index configured for beam management in that SpCell.

Proposal 6. One of two threshold pair indices can be indicated for making IS/OOS indication.

Proposal 7. Abovementioned indications should be included in SpCell config IE.

Proposal 8. The signaling of further parameters for CSI-RS configuration is FFS.

3 Conclusion 
This documents are summarized with the following proposals:

Proposal 1. Network configures RLM-RS parameters UE specifically.
Proposal 2. RLM-RS list has maximum 8 of RLM-RS’s.

Proposal 3. RLM-RS can be either SSB or CSI-RS

Proposal 4. For RLM, SSB can be indicated using SSB index configured for that SpCell

Proposal 5. For RLM, CSI-RS can be indicated using CSI-RS resource index configured for beam management in that SpCell.

Proposal 6. One of two threshold pair indices can be indicated for making IS/OOS indication.

Proposal 7. Abovementioned indications should be included in SpCell config IE.

Proposal 8. The signaling of further parameters for CSI-RS configuration is FFS.

4 Appendix A: Related agreements in RAN1 so far.
<RAN1#90>
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 [A90-1]
· The RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM[A90-2]
· 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
<RAN1#90b>

Agreements:

· The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC [A90b-1]
· IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)

· FFS on default IS/OOS threshold pair index
Agreements:

· At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM [A90b-2]
· FFS configuration details, especially w.r.t. interaction with those configured for BM

Agreements:

· Discuss further offline on the maximum # of indicated CSI-RS resources & SS blocks to be used for RLM 

· In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured, where among L SS Blocks for a given frequency band, each SS block to be used for RLM can be individually indicated [A90b-3]
· FFS signalling details (e.g., via bitmap, via SS block index)

· Note: this depends on the max # of SS blocks for RLM

Agreements:

· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.[A90b-4]
· Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM. [A90b-5]
· FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM

· Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM. [A90b-6]
<RAN1#91>

Agreements:

· NR support configurability of different RLM-RS types to UE for each RLM-RS[A91-1]
Agreements:

· For value of X: [A91-3]
· 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 [A91-2]
· RLM-CSI-RS-timeConfig: [A91-4]
· 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 [A91-5]
· Adopt the parameter values agreed in BM with following exception:

· Minimum number of PRB is 24.

5 Appendix B: Text Proposal for TS 38.331
<Start of modification >
–
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 entites 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 {


cellGroupId








CellGroupId,


-- Logical Channel configuration and association with radio bearers:


rlc-BearerToAddModList 





SEQUENCE (SIZE(1..maxLCH)) OF LCH-Config





OPTIONAL,


rlc-BearerToReleaseList





SEQUENCE (SIZE(1..maxLCH)) OF LogicalChannelIdentity


OPTIONAL,


-- Parameters applicable for the entire cell group:


mac-CellGroupConfig






MAC-CellGroupConfig











OPTIONAL,
-- Need M


rlf-TimersAndConstants





RLF-TimersAndConstants










OPTIONAL,
-- Need M


physical-CellGroupConfig




PhysicalCellGroupConfig










OPTIONAL,
-- Need M


-- Serving Cell specific parameters (PCell and SCells)


spCellConfig







SpCellConfig












OPTIONAL, 
-- Need M


sCellToAddModList






SCellToAddModList











OPTIONAL,
-- Need M


sCellToReleaseList






SCellToReleaseList











OPTIONAL
-- Need M

}

CellGroupId ::=







INTEGER (1.. maxSCellGroups)

-- Configuration of one logical channel:

LCH-Config ::=







SEQUENCE {


logicalChannelIdentity





LogicalChannelIdentity,


-- Associate the logical channel with an SRB or a DRB:


servedRadioBearer






INTEGER (1..32)












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..ffsValue)

-- 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-Spatial-BundlingPUCCH



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-Spatial-BundlingPUSCH



ENUMERATED {true}











OPTIONAL
-- Need R

}

-- Serving cell specific MAC and PHY parameters for a SpCell:

SpCellConfig ::=





SEQUENCE {


-- 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-v1310},



rach-ConfigDedicated



RACH-ConfigDedicated











OPTIONAL
-- Need M


}


























OPTIONAL,
-- Cond SpCellChange


rlm-config






RLM-RSConfig    





OPTIONAL,       -- Need M

spCellConfigDedicated



ServingCellConfigDedicated











OPTIONAL
-- Need M

}

SCellToReleaseList ::=



SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellIndex

SCellToAddModList ::=



SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellConfig

SCellConfig ::=





SEQUENCE {


sCellIndex






SCellIndex,


sCellConfigCommon




ServingCellConfigCommon












OPTIONAL,
-- Cond SCellAdd


sCellConfigDedicated



ServingCellConfigDedicated











OPTIONAL
-- Cond SCellAddMod

}
RLM-RSConfig ::=                 SEQUENCE {


rlmInSyncOutOfSyncThrehold           INTEGER (0..1)                         OPTIONAL,  -- Need M  


rlmRSList    

                    SEQUENCE (SIZE (1..8)) OF RLM-RS 

}

RLM-RS ::=                       CHOICE { 

    RLM-SSB                             INTEGER (0..63)

    RLM-CSIRS                       
INTEGER (0.. maxNrofNZP-CSI-RS-Resources – 1)
}
-- TAG-CELL-GROUP-CONFIG-STOP 

-- ASN1STOP

<End of modification >
