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1 Introduction
LTE has introduced RLF report to report the measurement during the radio link failure. Per TS 36.331, the LTE UE RLF report contains two parts in the UEInformationResponse message, which are RLF-Report-r9 IE and RLF-Report-v9e0 IE. The contribution [1] proposed to include RLF-Report-v9e0 IE in the LTE RLF report to extend the band and frequency range. In Rel-16, SON/MDT has introduced the LTE RLF report to support the inter-system handover between LTE and NR, as shown below [2]. 
	Agreements: 	
1	The UE shall include the LTE RLF report in the UEInformationResponse message to NR node.


However, according to TS 38.331, the RLF-Report-v9e0 IE is missing in the LTE UE RLF report. Therefore, the contribution proposes to add it in the UEInformationResponse message to support the inter-system handover between the LTE and NR. 
2 Discussion
2.1 LTE UE RLF Report in TS 36.331
[bookmark: _Hlk91080146]Per TS 36.331, the RLF-Report-r9 is used to report the measurement during radio link failure. It contains the following information:
UEInformationResponse-r9-IEs ::=		SEQUENCE {
	rlf-Report-r9							RLF-Report-r9			OPTIONAL,
}

RLF-Report-r9 ::= 					SEQUENCE {
	measResultNeighCells-r9				SEQUENCE {
		measResultListEUTRA-r9					MeasResultList2EUTRA-r9		OPTIONAL,
		measResultListUTRA-r9					MeasResultList2UTRA-r9		OPTIONAL,
	}																OPTIONAL,
	...
}
MeasResult2EUTRA-r9 ::=				SEQUENCE {
	carrierFreq-r9						ARFCN-ValueEUTRA,
	measResultList-r9					MeasResultListEUTRA
}

[bookmark: _Hlk91080418]The measurement results of the neighbor LTE cells MeasResultList2EUTRA-r9 is an optional IE in RLF report. As we know, the carrier frequency range of ARFCN-ValueEUTRA cannot cover all bands defined in TS 36.101. To this end, the RLF-Report-v9e0 is introduced to extend the supported carrier frequency range in release 9. The definition of RLF-Report-v9e0 is shown as follow. 
UEInformationResponse-r9-IEs ::=		SEQUENCE {
	rach-Report-r9							RACH-Report-r16		OPTIONAL,
	rlf-Report-r9							RLF-Report-r9			OPTIONAL,
	nonCriticalExtension					UEInformationResponse-v930-IEs			OPTIONAL
}

-- Late non critical extensions
UEInformationResponse-v9e0-IEs ::= SEQUENCE {
	rlf-Report-v9e0						RLF-Report-v9e0					OPTIONAL,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

-- Regular non critical extensions
UEInformationResponse-v930-IEs ::=	SEQUENCE {
	lateNonCriticalExtension			OCTET STRING (CONTAINING UEInformationResponse-v9e0-IEs)	OPTIONAL,
	nonCriticalExtension				UEInformationResponse-v1020-IEs		OPTIONAL
}

RLF-Report-v9e0 ::=				SEQUENCE {
[bookmark: _Hlk91081807]	measResultListEUTRA-v9e0			MeasResultList2EUTRA-v9e0
}
MeasResultList2EUTRA-v9e0 ::=			SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2EUTRA-v9e0
MeasResult2EUTRA-v9e0 ::=			SEQUENCE {
	carrierFreq-v9e0					ARFCN-ValueEUTRA-v9e0		OPTIONAL
}

ARFCN-ValueEUTRA information element
[bookmark: _Hlk91082005]ARFCN-ValueEUTRA ::=				INTEGER (0..maxEARFCN)

[bookmark: _Hlk91081934][bookmark: _Hlk91082071]ARFCN-ValueEUTRA-v9e0 ::=			INTEGER (maxEARFCN-Plus1..maxEARFCN2)
[bookmark: _Hlk91081716]The RLF-Report-v9e0 contains the measurements results MeasResult2EUTRA-v9e0. And the ARFCN-ValueEUTRA-v9e0 is an extension value for IE ARFCN-ValueEUTRA to indicate the ARFCN applicable for a downlink, uplink or bi-directional (TDD) E-UTRA carrier frequency, as defined in TS 36.101. Additionally, the measResultListEUTRA-v9e0 shall has the same number of entries, and listed in the same order as in measResultListEUTRA-r9.
On this point, the rlf-Report-v9e0 can be regarded as the extension of the rlf-Report-r9 in the UE information response message to indicate the extended measurement results. However, the rlf-Report-v9e0 is contained in the late NCE part (highlighted in green) and shown as an independent branch. So, it was lost during the extension of the RLF report from r9 to r16.   
[bookmark: _Hlk92355312]Observation: The rlf-Report-v9e0 is an extension of the rlf-Report-r9. However, since the rlf-Report-v9e0 is in the late NCE part, it was lost during the extension of the RLF report from r9 to r16.
2.2 LTE UE RLF Report in TS 38.331
In Rel-16, SON/MDT proposed to include the LTE RLF report in the UEInformationResponse message to support the inter-system handover between LTE and NR. Specifically, once the UE has RLF in LTE, it can handover to NR to recovery connection. After connection, the UE can send the LTE UE RLF report in UEInformationResponse to the network. 
However, per TS 38.331, the LTE UE RLF report in UEInfomationResponse only includes the E-UTRA RLF-Report-r9 IE as specified in TS 36.331. As we know, only the RLF-Report-r9 IE cannot cover all bands defined in TS36.101.  Therefore, in TS 38.331, the RLF-Report-v9e0 IE should be added in the LTE RLF report to indicate the measurements results on the extended carrier frequency. 
Additionally, introducing the RLF-Report-v9e0 IE in the LTE UE RLF report may has some impact on RAN3. So, it is better to send an LS to RAN3 to indicate it. 
UEInformationResponse-r16-IEs ::=    SEQUENCE {
    rlf-Report-r16                       RLF-Report-r16                      OPTIONAL,
    
}
RLF-Report-r16 ::=                   CHOICE {
    nr-RLF-Report-r16                    SEQUENCE {
        measResultLastServCell-r16           MeasResultRLFNR-r16,
        measResultNeighCells-r16             SEQUENCE {
            measResultListNR-r16                 MeasResultList2NR-r16       OPTIONAL,
            measResultListEUTRA-r16              MeasResultList2EUTRA-r16    OPTIONAL
        }                                                OPTIONAL,
    eutra-RLF-Report-r16                 SEQUENCE {
        failedPCellId-EUTRA                  CGI-InfoEUTRALogging,
        measResult-RLF-Report-EUTRA-r16      OCTET STRING
    }
}
[bookmark: _Hlk91077270]Proposal 1: In TS 38.331, it is proposed to add the RLF-Report-v9e0 IE in the LTE UE RLF report. And it is better to send an LS to RAN3 to indicate it as the inter-node interfaces need to carry this additional information.
The corresponding CRs can be seen in [5] and [6].
Proposal 2: To approve the corresponding CRs for Rel-16 and Rel-17.
3 	Conclusions
The paper analyses the issues regarding LTE UE RLF report in the inter-system handover, and concludes the following observation and proposal:
Observation: The rlf-Report-v9e0 is an extension of the rlf-Report-r9. However, since the rlf-Report-v9e0 is in the late NCE part, it was lost during the extension of the RLF report from r9 to r16.
Proposal 1: In TS 38.331, it is proposed to add the RLF-Report-v9e0 IE in the LTE UE RLF report. And it is better to send an LS to RAN3 to indicate it as the inter-node interfaces need to carry this additional information. 
Proposal 2: To approve the corresponding CRs for Rel-16 and Rel-17.
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