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Connection failures due to intra-LTE mobility can be detected with MRO in case the UE attempts to re-establish the radio link connection, regardless of the failure of the RRC re-establishment attempt [1]. This paper deals with the uncovered area of intra-LTE MRO; detection of failure without the RRC re-establishment attempt.
Discussion
The current detection mechanisms for Too Late Handover, Too Early Handover, and Handover to Wrong Cell can be carried out as follows [1]:
Detection of the failure after RRC re-establishment attempt:
-	[Too Late Handover]
If the UE attempts to re-establish the radio link connection in a cell that belongs to eNB B, indicating as the last serving cell a cell belonging to eNB A, different from eNB B, then eNB B may report this event to eNB A by means of the RLF Indication Procedure. eNB A may then use information in the RLF INDICATION message to determine whether the failure occurred in the serving cell.
-	[Too Early Handover]
If the target cell belongs to an eNB B different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a Too Early Handover event to eNB A upon eNB B receives an RLF INDICATION message from eNB A and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming handover for the same UE within the last Tstore_UE_cntxt seconds or there exists a prepared handover for the same UE in eNB B.
-	[Handover to Wrong Cell]
If the type of the failure is Radio Link Failure and the target cell belongs to eNB B that is different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a Handover To Wrong Cell event to eNB A upon eNB B receives an RLF INDICATION message from eNB C, and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming handover for the same UE within the last Tstore_UE_cntxt seconds or there exists a prepared handover for the same UE in eNB B. This also applies when eNB A and eNB C are the same. The HANDOVER REPORT message may also be sent if eNB B and eNB C are the same and the RLF Indication is internal to this eNB. 
Detection of the failure after RRC connection setup:
-	[Too Late Handover]
There is no recent handover for the UE prior to the connection failure i.e. the UE reported timer is absent or larger than the configured threshold, e.g. Tstore_UE_cntxt.
-	[Too Early Handover]
There is a recent handover for the UE prior to the connection failure i.e. the UE reported timer is smaller than the configured threshold, e.g. Tstore_UE_cntxt, and the first re-establishment attempt cell is the cell that served the UE at the last handover initialisation.
-	[Handover to Wrong Cell]
There is a recent handover for the UE prior to the connection failure i.e. the UE reported timer is smaller than the configured threshold, e.g. Tstore_UE_cntxt, and the first re-establishment attempt cell is neither the cell that served the UE at the last handover initialisation nor the cell that served the UE where the RLF happened or the cell that the handover was initialised toward.


Figure 1	Current connection failure detection mechanism
As specified, it is out of consideration to detect the failure in case the UE does not attempt to re-establish the radio link connection after the connection failure (at least for Too Early Handover and Handover to Wrong Cell). Figure 1 shows the outline of the current detection mechanism. The RLF Report contains information to detect the connection failure, which is necessary for the detection of failure in case of the re-establishment failure, whereas rather optional for the detection of failure in case of the re-establishment success.
	Even though the UE does not perform any re-establishment, the UE may render the RLF Report available to the eNB after reconnecting from idle mode [1], [2]. The clear difference between RLF Reports of UEs with and without the re-establishment attempt is that the RLF Report of the UE without the re-establishment attempt does not contain the reestablismentCellId [2], which is an important element to detect the connection failure; note that the reestablismentCellId indicates the ECGI of the cell where the UE made the first RRC re-establishment attempt after the connection failure (i.e. Cell B in Figure 1). Hence, even if the RLF Report is available, the current connection mechanism does not allow the network to detect the connection failure without the RRC re-establishment attempt.
	The key problem in the detection of the failure without the RRC re-establishment attempt is that “a suitable cell at the moment near the connection failure” is not explicitly known (for more information about a suitable cell, refer to subclause 5). It is noteworthy that if the re-establishment attempt were made, the ECGI of “a suitable cell at the moment near the connection failure” is the reestablismentCellId. There are, however, clues in the RLF Report to infer a suitable cell; e.g. measResultNeighCells, which includes the best measured cells, other than the PCell, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected radio link failure. Therefore, based on the RLF Report and the knowledge in the network, a suitable cell can be successfully inferred. Figure 2 depicts the modified detection mechanism. If needed, the RLF Report may be adapted to include additional information.
	The modified mechanism has following benefits:
· Detection of the connection failure after RRC connection setup without the RRC re-establishment attempt becomes feasible;
· Impact on the stage 3 text may not exist, or may be insignificant; and
· The RLF Report transferred from the UE after RRC connection setup without the re-establishment attempt, can be fully exploited, whereas the current mechanism may make the RLF Report of no use.


Figure 2	Modified connection failure detection mechanism
Based on the above benefits, the following is proposed:
Proposal 1: RAN3 is proposed to adopt the modified connection failure detection mechanism and agree R3-121762 [3].
Conclusion
In this paper, an enhanced detection mechanism, which covers the case when the UE does not make RRC re-establishment attempt, is illustrated and its benefits are demonstrated. As a result, the following proposal is made:
Proposal 1: RAN3 is proposed to adopt the modified connection failure detection mechanism and agree R3-121762 [3].
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Annex
A suitable cell is a cell on which the UE may camp on to obtain normal service, which shall fulfil all the following requirements [4].
-	The cell is part of either: 
-	the selected PLMN, or: 
-	the registered PLMN, or:
-	a PLMN of the Equivalent PLMN list
-	For a CSG cell, the CSG ID broadcast by the cell is present in the CSG whitelist associated with the PLMN for which the above condition is satisfied;
According to the latest information provided by NAS:
-	The cell is not barred;
-	The cell is part of at least one TA that is not part of the list of “forbidden tracking areas for roaming,” which belongs to a PLMN that fulfils the first bullet above;
-	The cell selection criteria are fulfilled;
If more than one PLMN identity is broadcast in the cell, the cell is considered to be part of all TAs with TAIs constructed from the PLMN identities and the TAC broadcast in the cell [4].
The cell selection criterion S is fulfilled when [4]:
	Srxlev > 0  AND  Squal > 0


where: 
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation
Squal = Qqualmeas – (Qqualmin + Qqualminoffset)


where:
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN

	Pcompensation 
	max(PEMAX –PPowerClass, 0) (dB)

	PEMAX
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in [TS 36.101]

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in [TS 36.101]



The signalled values Qrxlevminoffset and Qqualminoffset are only applied when a cell is evaluated for cell selection as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN. During this periodic search for higher priority PLMN the UE may check the S criteria of a cell using parameter values stored from a different cell of this higher priority PLMN [4].
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