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1   Introduction
In X2AP and S1AP we refer to the RLF report container in TS 36.331. The RLF report is included in TS 36.331 since Rel9. 

However, in RAN2#81, it was agreed [2] to support extend EARFCN, by adding a new IE (rlf-Report-v9e0) inside the UEinformationResponse for Rel-9. This means that there are two IEs with similar names inside the UEinformationResponse. In X2AP, we only refer to the RLF report container in the semantic description as “RLF report contained in the UEInformationResponse message” which makes us believe that there is an ambiguity on how this octet string shall be encoded.  
In this document we present further details of the problem, analyze possible solutions and present a preferred way to resolve the ambiguity.
2   Background
In this section we look at three agreed changes to 36.331 and 36.423 that caused the ambiguity problem. The CRs are presented in chronological order.
2.1   TS 36.331 Rel10 
In RAN2#73 (February 2011) it was agreed [3] for Rel-10 that the naming of the rlfReport-r9 IE was changed to rlf-Report-r9.

UEInformationResponse-r9-IEs ::=

SEQUENCE {


rach-Report-r9






SEQUENCE {



numberOfPreamblesSent-r9



INTEGER (1..200),



contentionDetected-r9




BOOLEAN


}















OPTIONAL,


rlf-Report-r9






RLF-Report-r9


OPTIONAL,

nonCriticalExtension




UEInformationResponse-v930-IEs



OPTIONAL

}

Observation 1: The result from this change is that in TS 36.331 from Rel-10 the name of the RLF report container changed. 

2.2   TS 36.423 Rel10

In RAN3#72 (May 2011), there is an editorial cleanup agreed in [4] for Rel-10 where it is said that “in the semantics description of UE RLF Report container, rlfreport should be spelled out as ‘RLF report’, as anyway rlfreport is not the IE in RRC and it is already clear to which information this IE refers to.”. This change made sense based on the previous agreed CR in TS 36.331 above.
Observation 2: From Rel-10 and onwards in TS 36.423, the reference is changed from rlfReport to the more generic RLF Report. 
2.3   TS 36.331 Rel-9 
In RAN2#81 (January 2013) it was agreed [2] from Rel-9 to support extended EARFCN, by adding a new IE in the UEinformationResponse. A more detailed description of the changes in [2] can be found in Annex A. The result is highlighted below (from TS 36.331 V9.18.0):
UEInformationResponse-r9-IEs ::=

SEQUENCE {


rach-Report-r9






SEQUENCE {



numberOfPreamblesSent-r9



INTEGER (1..200),



contentionDetected-r9




BOOLEAN


}















OPTIONAL,


rlfReport-r9






RLF-Report-r9


OPTIONAL,

nonCriticalExtension




UEInformationResponse-v930-IEs



OPTIONAL

}

UEInformationResponse-v930-IEs ::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING UEInformationResponse-v9e0-IEs)

OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

UEInformationResponse-v9e0-IEs ::= SEQUENCE {


rlf-Report-v9e0





RLF-Report-v9e0




OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

The result from this change is that in TS 36.331 Rel-9 there are two IEs with similar names, one named rlfReport-r9 and one named rlf-Report-v9e0. And as stated in observation 1, the names became even more similar in Rel10, only differentiated by the suffix: rlf-Report-r9 and rlf-Report-v9e0.
This change of TS 36.331 caused an ambiguity in TS36.423 from Rel-10 and onward, since the X2AP refers to the general RLF report (as described in observation 2) and TS 36.331 contains two IEs named rlf-Report only differentiated by the suffix.

Observation 3: There is an ambiguity in TS 36.423 from Rel-10 and onward.

3   Discussion

In this section we discuss the problem in more detail and also present possible solutions to the ambiguity.
3.1   Ambiguity of the RLF report
Based on the discussion in the previous section, we believe that there is an ambiguity in the definition of the container used in X2AP and S1AP since an IE with similar name is added to TS 36.331. An overview can be seen in the table below.

	Release
	RLF report 
	Extended EARFCN
	Semantics in X2AP
	Semantics in S1AP

	9
	rlfReport-r9
	rlf-Report-v9e0
	rlfReport 
	-

	10
	rlf-Report-r9
	rlf-Report-v9e0
	RLF Report 
	-

	11
	rlf-Report-r9
	rlf-Report-v9e0
	RLF Report 
	-

	12
	rlf-Report-r9
	rlf-Report-v9e0
	RLF Report 
	rlfReport 


As can be seen in the table, for Rel9, the two IEs in TS 36.331 are slightly different and the X2AP is referring to a unique IE name in TS 36.331. 
But for Rel10 and onwards, there is an ambiguity, since X2AP use the more generic “RLF report” and the two IEs in TS 36.331 only differs by the suffix (r9 vs v9e0).
One straightforward way to remove this ambiguity would be to modify the reference from X2AP from Rel-10 to Rel12 to directly point at rlf-Report-r9. This IE in TS 36.331 is also the one RAN2 normally use for adding new reporting, e.g. this was used in Rel-12 when new TAC reporting is added to the RLF report. A similar change can be done in the agreed CR for S1AP in [1].
Proposal 1: Agree that there is no need to change Rel9 of TS 36.423 but that there is a need to change the reference to rlf-Report-r9 in X2AP (Rel-10 to Rel-12) and revise the agreed CR [1] for S1AP in a similar way. 
3.2   Forwarding the extended EARFCN

The contents of the RLF report containing the extended EARFCNs are further described in Annex A. 

If the extended EARFCN are not reported, it is not possible for the receiving eNB to understand for which extended EARFCN the measurements are for. The only thing the receiving eNB can understand is, with the help of the value maxEARFCN is that the measurements included in the rlfReport-r9 IE are for an extended EARFCN. 
This measurement is used by MRO to determine if there is a coverage problem of an MRO problem. For this purpose, the carrier frequency may not be needed. But in case a neighbouring carrier is reported, MRO may also use this consider this neighbour as an alternative suitable cell for handover. The question is whether MRO can identify the cells reported in the measurements results without knowing the EARFCN. 

First of all, if there are cases with only one extended EARFCN used in neighbouring cells, it would be possible for MRO to identify the EARFCN just by knowing that it is an extended EARFCN. But if there are more than one carriers using the extended EARFCN, it may be more difficult. 
The ECGI is included (optionally) in the measurement results. If this is included, there is also no need for reporting the EARFCN. But the ECGI is only included if the UE has read the SIB, which is not always be the case. It is also possible to argue that the last serving eNB would know the neighbouring cells, and the received PCI may be enough to successfully identifying the correct cell. One problem is however that the PCI may be re-used in the different frequencies and one especially problematic scenario is when the operator uses the same PCI in co-sited cells on different frequencies to simplify the PCI planning. 

Therefore, we believe that in order to continue supporting the usage of reported UE measurements in the RLF report, this list of extended EARFCN should also be forwarded. 

Next question is from which release of X2AP this should be supported. EARFCN was agreed for X2AP in [5] for Rel-11. Therefore, we believe it makes sense to also apply the required changes from Rel11 and onward.  
If we want to support the reporting of EARFCN for the extended range, we can see the following solutions:

· include the full IE (UEInformationResponse-r9-IEs)  instead of the RLF report.

· include a new optional IE containing the rlf-Report-v9e0 IE
The drawbacks of the first option are that this is not backward compatible and would include a lot of information that is not needed for MRO. Therefore, we have preference for including the rlf-Report-v9e0 IE in a new optional IE.
Then this should also be added to the agreed CR[1] for S1AP

Proposal 2: Agree to extend X2AP for Rel11 and onwards with a new optional IE containing the rlf-Report-v9e0 IE, and to make a similar change in the agreed CR [1] for S1APX2AP.
4   Conclusion / Proposals
In this contribution, we analyses the ambiguity of the RLF report container in X2AP and S1AP and propose: 
Proposal 1: Agree to change the reference to rlf-Report-r9 in X2AP (Rel-10 to Rel-12) and revise the agreed CR [1] in a similar way. 
We have provided one set of CR [6][7][8][9] in case only proposal 1 is agreed  

Proposal 2: Agree to also extend X2AP for Rel11 and onwards with a new optional IE containing the rlf-Report-v9e0 IE, and to make a similar change in the agreed CR [1] for S1APX2AP.
We have provided one set of CR [7][10][11][12] in case proposal 1 and 2 is agreed  

5   Reference

[1] R3-142592, Addition of RLF reporting over S1 (Huawei)
[2] R2-130620, Extension of FBI and EARFCN (Samsung)
[3] R2-110805, CR to 36.331 on corrections for MDT
[4] R3-111722, Rapporteur’s proposal following review of TS 36.423
[5] R3-130408, Extending maxEARFCN 
[6] R3-142680, Addition of RLF reporting over S1, Huawei, Rel-12, CatB

[7] R3-142681, Correction on RLF Report Container, Huawei, Rel-10, CatF

[8] R3-142682, Correction on RLF Report Container, Huawei, Rel-11, CatA

[9] R3-142683, Correction on RLF Report Container, Huawei, Rel-12, CatA

[10] R3-142684, Addition of RLF reporting over S1, Huawei, Rel-12, CatB

[11] R3-142685, Correction on RLF Report Container, Huawei, Rel-11, CatF

[12] R3-142686, Correction on RLF Report Container, Huawei, Rel-12, CatA

Annex A – changes in [2]

The RLF report is included in TS 36.331 since Rel9. In [2], it was agreed to support extend EARFCN, by adding a new IE in the UEinformationResponse. The result is highlighted below (from TS 36.331 V9.18.0):
UEInformationResponse-r9-IEs ::=

SEQUENCE {


rach-Report-r9






SEQUENCE {



numberOfPreamblesSent-r9



INTEGER (1..200),



contentionDetected-r9




BOOLEAN


}















OPTIONAL,


rlfReport-r9






RLF-Report-r9


OPTIONAL,

nonCriticalExtension




UEInformationResponse-v930-IEs



OPTIONAL

}

UEInformationResponse-v930-IEs ::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING UEInformationResponse-v9e0-IEs)

OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

UEInformationResponse-v9e0-IEs ::= SEQUENCE {


rlf-Report-v9e0





RLF-Report-v9e0




OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

This new IE contains a list of extended EARFCN values. 

 RLF-Report-v9e0 ::= 



SEQUENCE {


measResultListEUTRA-v9e0


MeasResultList2EUTRA-v9e0

}

MeasResultList2EUTRA-v9e0 ::=


SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2EUTRA-v9e0

MeasResult2EUTRA-v9e0 ::=



SEQUENCE {


carrierFreq-v9e0





ARFCN-ValueEUTRA-v9e0

OPTIONAL

}

The length of the new MeasResult2EUTRA-v9e0 is specified to be the same length as the measResultListEUTRA-r9 which is included in the rlfReport-r9. 

RLF-Report-r9 ::= 




SEQUENCE {


measResultLastServCell-r9



SEQUENCE {


rsrpResult-r9






RSRP-Range,



rsrqResult-r9






RSRQ-Range


OPTIONAL


},

measResultNeighCells-r9



SEQUENCE {


measResultListEUTRA-r9




MeasResultList2EUTRA-r9

OPTIONAL,



measResultListUTRA-r9




MeasResultList2UTRA-r9

OPTIONAL,



measResultListGERAN-r9




MeasResultListGERAN


OPTIONAL,



measResultsCDMA2000-r9




MeasResultList2CDMA2000-r9
OPTIONAL


}















OPTIONAL,


...

}
MeasResultList2EUTRA-r9 ::=



SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2EUTRA-r9

MeasResult2EUTRA-r9 ::=



SEQUENCE {


carrierFreq-r9





ARFCN-ValueEUTRA,


measResultList-r9




MeasResultListEUTRA

}

MeasResultListEUTRA ::=



SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA 

MeasResultEUTRA ::=
SEQUENCE {


physCellId






PhysCellId,


cgi-Info






SEQUENCE {



cellGlobalId





CellGlobalIdEUTRA,



trackingAreaCode




TrackingAreaCode,



plmn-IdentityList




PLMN-IdentityList2 



OPTIONAL


}


 











OPTIONAL,


measResult






SEQUENCE {



rsrpResult






RSRP-Range





OPTIONAL,



rsrqResult






RSRQ-Range





OPTIONAL,



...,



[[
additionalSI-Info-r9



AdditionalSI-Info-r9



OPTIONAL



]]


}

}

-- ASN1START

ARFCN-ValueEUTRA ::=



INTEGER (0..maxEARFCN)

ARFCN-ValueEUTRA-v9e0 ::=


INTEGER (maxEARFCN-Plus1..maxEARFCN2)

ARFCN-ValueEUTRA-r9 ::=



INTEGER (0..maxEARFCN2)

-- ASN1STOP

The intended usage of the different EARFCN values are specified as follows:

If an extension is signalled using the extended value range (as defined by IE ARFCN-ValueEUTRA-v9e0), the UE shall only consider this extension (and hence ignore the corresponding original field, using the value range as defined by IE ARFCN-ValueEUTRA i.e. without suffix, if signalled). 
This is further clarified in a note:

NOTE:
For fields using the original value range, as defined by IE ARFCN-ValueEUTRA i.e. without suffix, value maxEARFCN indicates that the E-UTRA carrier frequency is indicated by means of an extension. In such a case, UEs not supporting the extension consider the field to be set to a not supported value.
To summarise the above, in order to report measurements on carriers in the extended EARFCN, the UE will include an additional IE (MeasResultList2EUTRA-v9e0) for which the extended EARFCN are listed. The MeasResultList2EUTRA-r9 contains the value maxEARFCN in the corresponding locations. 
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