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1. Introduction
In current RRC specification [1], the maximum number of failure detection resource is 10 as below:
maxNrofFailureDetectionResources

INTEGER ::= 10

-- Maximum number of failure detection resources


But actually, this maximum number should be 8 from RAN1 point of view. 
This paper will provide some analysis on this issue. 
2. Discussion
2.1. Area specific SIB

According to latest version of 38.331 [1], there are at most 10 RadioLinkMonitoringRS for failure detection, which includes both beam failure and RLF. Each RadioLinkMonitoringRS can be configured with the purpose of beamFailure, RLF, or Both. 
RadioLinkMonitoringConfig ::=

SEQUENCE {


failureDetectionResourcesToAddModList
SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS
OPTIONAL, 
-- Need N

failureDetectionResourcesToReleaseList
SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS-Id
OPTIONAL,-- Need N


beamFailureInstanceMaxCount



ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10}








OPTIONAL,
-- Need S


beamFailureDetectionTimer      


ENUMERATED {pbfd1, pbfd2, pbfd3, pbfd4, pbfd5, pbfd6, pbfd8, pbfd10}


OPTIONAL,
-- Need R


...

}

RadioLinkMonitoringRS ::=


SEQUENCE {


radioLinkMonitoringRS-Id



RadioLinkMonitoringRS-Id,


purpose







ENUMERATED {beamFailure, rlf, both},

detectionResource




CHOICE {



ssb-Index






SSB-Index,



csi-RS-Index





NZP-CSI-RS-ResourceId


},

In RAN1 specification 38.213 section 5 [2], it is stated that :
The UE can be configured with up to [image: image1.wmf]RLM
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 RadioLinkMonitoringRS for link recovery procedures, as decribed in Subclause 6, and radio link monitoring. From the [image: image2.wmf]RLM
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 RadioLinkMonitoringRS, up to [image: image3.wmf]RLM
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 RadioLinkMonitoringRS can be used for radio link monitoring depending on a maximum number [image: image4.wmf]L

 of candidate SS/PBCH blocks per half frame as described in Subclause 4.1, and up to two RadioLinkMonitoringRS can be used for link recovery procedures.
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It seems that RadioLinkMonitoringRS used for both RLF and beam failure detection should be restricted to NLR-RLM, which is at most 8. 
The reason to introduce the parameter NLR-RLM in RAN1 is to restrict the maximum number of monitoring RSs. If the number of RSs for RLM is 8, while the number of RSs for BFD is 2, these 2 RSs for BFD must be a subset of 8 RSs for RLM. This is the third case in the above table. 
We understand that based on the LS from RAN1 in RAN2#101 meeting as below, the RS resource for BFD and RLM should be orthogonal. 
Question 2: Can the RS resources for BFD and RLM be completely orthogonal?  
Answer 2:

Yes. They can be completely orthogonal, depending on NW configuration.
But this is only for the case that the number of RSs for RLM+BFD is less than the maximum number of NLR-RLM. In general, the UE capability is restricted to support at most 8 monitoring RSs for both RLM and BFD.
Proposal 1: The maxNrofFailureDetectionResources for RLM and BFD should be 8, instead of 10. 
2.2. Text Proposal
For this issue, there are several approaches to fix the RRC specification:
1) Non-backward compatible change: Change the current value of maxNrofFailureDetectionResources from 10 to 8. As shown in Annex A.
2) Backward compatible change: Add a new version of maxNrofFailureDetectionResources with the value of 8. 
3) Keep the current RRC specification with no change.
For Alt3), since the current 38.213 specification only define the number of NLR-RLM, it does not exclude the case to configure two additional orthogonal RS resource for link recovery procedure. In this case, the maximum number of RS resource to be monitored for RLM and BFD will exceed the UE capability. From UE point of view, the UE behavior can be left to UE implementation, i.e. the UE can monitor any number of RS for RLM and link recovery procedure.

Thus, if we go to Alt3), it is better to clarify the UE behavior in RAN2, or ask RAN1 to make the restriction for the total number of radio link monitor and link recovery procedure.
Observation 1: if RAN2 goes to Alt3), it is better to clarify the UE behavior in RAN2, or ask RAN1 to make the explicit restriction for the total number of radio link monitor and link recovery procedure.
Proposal 2: Kindly ask RAN2 to discuss the backward compatible change or non-backward compatible change, and choose one to specify. 
3. Conclusion
In this contribution, we analysis the maximum number of failure detection resource. Based on the discussion, we have the following proposal:

Proposal 1: The maxNrofFailureDetectionResources for RLM and BFD should be 8, instead of 10. 

Proposal 2: Kindly ask RAN2 to discuss the backward compatible change or non-backward compatible change, and choose one to specify. 
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Annex A – Non-backward Compatible change
*** Start of change ***

6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

maxNrofFailureDetectionResources

INTEGER ::= 8

-- Maximum number of failure detection resources


maxNrofFailureDetectionResources-1

INTEGER ::= 7

-- Maximum number of failure detection resources minus 1

*** End of change ***

Annex B – Backward Compatible change
*** Start of 1st change ***

6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

maxNrofFailureDetectionResources

INTEGER ::= 10

-- Maximum number of failure detection resources


maxNrofFailureDetectionResources-1

INTEGER ::= 9

-- Maximum number of failure detection resources minus 1

maxNrofFailureDetectionResources-v1510

INTEGER ::= 8

-- Maximum number of failure detection resources
for radio link monitor and link recovery procedures.
maxNrofFailureDetectionResources-v1510-1

INTEGER ::= 7

-- Maximum number of failure detection resources for radio link monitor and link recovery procedures minus 1
*** End of 1st change ***

*** Start of 2nd change ***

–
RadioLinkMonitoringConfig
The RadioLinkMonitoringConfig IE is used to configure radio link monitoring for detection of beam- and/or cell radio link failure. See also 38.321, section 5.1.1.

RadioLinkMonitoringConfig information element

-- ASN1START

-- TAG-RADIOLINKMONITORINGCONFIG-START

RadioLinkMonitoringConfig ::=

SEQUENCE {


failureDetectionResourcesToAddModList
SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS
OPTIONAL, 
-- Need N


failureDetectionResourcesToReleaseList
SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS-Id
OPTIONAL,-- Need N


beamFailureInstanceMaxCount



ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10}








OPTIONAL,
-- Need S


beamFailureDetectionTimer      


ENUMERATED {pbfd1, pbfd2, pbfd3, pbfd4, pbfd5, pbfd6, pbfd8, pbfd10}


OPTIONAL,
-- Need R


...

[[
failureDetectionResourcesToAddModList-v1510 
SEQUENCE (SIZE(1..maxNrofFailureDetectionResources-v1510)) OF RadioLinkMonitoringRS
OPTIONAL, 
-- Need N

]],

[[
failureDetectionResourcesToReleaseList-v1510 
SEQUENCE (SIZE(1..maxNrofFailureDetectionResources-v1510)) OF RadioLinkMonitoringRS-Id
OPTIONAL, 
-- Need N

]],
}

*** End of 2nd change ***
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