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1   Introduction
In RAN3#81, a problem related to the impact of the outcome of the RRC re-establishment on MRO in TR 37.822 has been pointed in R3-131285 [1]. The problem is that the UE reports the cell ID of the cell where a re-establishment will be attempted when the suitable E-UTRA cell is selected, while the eNB will generate the RLF indication for each attempted re-establishment, independent if it is completed (succeeded or rejected) or incomplete. Thus, when the VarRLF-report reaches the eNB where the RLF has occurred (via RLF indication) this eNB cannot interpret this re-establishment properly since it could be any of the three cases: successful re-establishment, failed re-establishment (e.g. selected cell not available anymore) or rejected re-establishment.
In this paper, we argue in favour or the relevance of the problem. Then two network-based solutions are presented.
2   Summary of the previous contributions
There has been some contributions in RAN3#81bis [2] [3] and RAN#82 [4][5] about the ambiguity of the RRC re-establishment cell. In [3] and [5], the relevance of the problem has been questioned; the main argument being that RAN2 would have already decided that the problem was not relevant and the available radio measurements in the RLF report (RSRP/RSRQ) could be used to solve the ambiguity of the re-establishment cell i.e. to decide which cell would be suitable for MRO adjustments. 

The arguments presented in [2], further discussed offline and online, clarified why the available radio measurements could not be used to decide the suitable re-establishment cell. The radio measurements are logged in the VarRLF-report based on previously received measurement control information elements or from previously detected cells. Cell selection occurs after the RLF detection and T311 starts. According to TS36.304, the range of the Timer T311 is between 1 and 30 seconds. During the T311 period, the mobility of the UE may cause the measured RSRP/RSRQ of the surrounding cells to change significantly, especially in a HetNet scenario where the ISD of cells is quite small. Therefore, it is not proper to determine whether the reestablishmentCellId is a suitable re-establishment cell from the radio measurements stored in the RLF Report due to the fact such measurements are likely to be stale with respect to the time when the re-establishment cell is found.
Observation 1: The measurements in the RLF report cannot be used to deduce whether or not the re-establishment cell is a suitable cell.
In [4] it was stated that “there was not any discussion in RAN2 on the problem whether the appropriate corrective actions may differ depending on the actual outcome of the RRC re-establishment”. The latter is worth keeping as an observation. 

Observation 2: It has not been discussed in RAN2 whether the appropriate corrective actions may differ depending on the actual outcome of the RRC re-establishment in HetNet scenario.

After these clarifications, a way forward has been proposed in [4] where RAN3 should discuss solutions for the problem. In this paper we propose two different network-based solutions to the problem. 
3   Proposed Solutions
The core of the proposed solutions is the comparison of the cell X = “the cell the UE was connected at the moment the VarRLF-report is retrieved” with the cell C = “the cell set in the variable reestablishmentCellId from the VarRLF-report”. If the result of the comparison is a match, the reestablishmentCellId should be considered for MRO adjustments at the eNB where the RLF has occurred. This will happen when the RLF is followed by a successful RRC Re-establishment. Otherwise, if the result of the comparison is unmatched, it is likely that the ReestablishmentCellId in VarRLF-report is not a suitable re-establishment cell and shall be discarded by the MRO function at the eNB where the RLF has occurred, since it is likely that the first re-establishment attempt was not successful (failed or rejected). Note that it is acknowledged that a re-establishment could fail because of rejection, i.e. the re-establishment cell could be suitable but not able to admit the UE. However, these cases should not be numerous from a statistical point of view. Hence, if a high number of mismatches between ReestablishmentCellId in VarRLF-report and cell ID where the UE reported the RLF Report are monitored, the most plausible reason is that the ReestablishmentCellId in VarRLF-report points at a cell not suitable for re-establishment.
The solutions presented herein differ in two ways. In solution a) the comparison is performed by the eNB retrieving the RLF report and a new IE has to be defined as part of the RLF Indication message. In solution b) the comparison is performed by the eNB where the RLF has occurred (the one receiving the RLF Indication) and no additional IE is needed.
Solution a)
In this solution the eNB retrieving the VarRLF-report performs the comparison between cell X and cell C. A new IE called ReestablishmentStatus is added to the RLF INDICATION containing additional information about the outcome of the RRC Reestablishment and the validity of the reestablishment cell stored in the RLF report. The IE is set as follows:

· In the case of a positive result out of the matching between cell X (ReestablishmentCellId in the VarRLF-report) and cell C (cell where the UE successfully re-establishes/re-connects and conveys the RLF report), the IE gets the value=”SUCCESSFUL_ REESTABLISHMENT”.

· In the case of a negative matching, the IE gets the value=”UNSUCCESSFUL_REESTABLISHMENT”.
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By having this additional information, the eNB where the failure has occurred should be able to only consider the ReestablishmentCellId in the VarRLF-report as a candidate for MRO adjustments when the establishment has been successful. The following figures show both the successful and the rejection case (the failed re-establishment should be similar).
Figure 1
Solution a, successful case
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In the case of the IE value =”UNSUCCESSFUL_REESTABLISHMENT” , the MRO function at the node where the failure was originated can discard the reestablishmentCellId IE present in the Var-RLFReport and exclude such cell from any optimization adjustments for the handover trigger point and/or trigger MDT traces for outgoing UEs to investigate the problem in more details. The latter may be done upon triggering of the tracing function by the OAM system.
Figure 2
Solution a, unsuccessful case
Note that by adding a new IE to the RLF Indication message, it is also possible to cover cases where the re-establishment is successful (i.e. re-establishment cell is suitable) but the RLF Report was not retrieved. In fact, the UE history information would point out that the UE successfully connected to the re-establishment cell in the Var-RLFReport. Hence the eNB sending the RLF Indication message can flag that the re-establishment cell in Var-RLFReport is valid by setting the new IE to “SUCCESSFUL_ REESTABLISHMENT”.
Solution b)
In this solution the comparison between cell X and cell C is performed by the eNB where the RLF has occurred i.e. the eNB receiving the RLF Indication message. The comparison is possible thanks to an existing IE (Re-establishment cell ECGI) in the RLF Indication message whose setting is re-purposed to solve the ambiguity problem of the RRC Re-establishment cell.

The current RLF Indication message is as shown below in Figure 3 (see TS36.423v11.5.0):
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Failure cell PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier
	YES
	ignore

	Re-establishment cell ECGI
	M
	
	ECGI 

9.2.14
	
	YES
	ignore

	C-RNTI
	M
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRC Re-establishment Request message (TS 36.331 [9])
	YES
	ignore

	ShortMAC-I
	O
	
	BIT STRING (SIZE (16))
	ShortMAC-I contained in the RRC Re-establishment Request message (TS 36.331 [9])
	YES
	ignore

	UE RLF Report Container
	O
	
	OCTET STRING
	RLF Report contained in the UEInformationResponse message (TS 36.331 [9])
	YES
	ignore

	RRC Conn Setup Indicator
	O
	
	ENUMERATED(RRC Conn Setup, ...)
	Included if the RLF Report within the UE RLF Report Container IE is retrieved after an RRC connection setup or an incoming successful handover
	YES
	Reject

	RRC Conn Reestab Indicator
	O
	
	ENUMERATED(reconfigurationFailure, handoverFailure, otherFailure, ...)
	The Reestablishment Cause in RRCConnectionReestablishmentRequest message(TS 36.331 [9])
	YES
	Ignore


Figure 3
X2AP RLF INDICATION message as per TS36.423v11.5.0

As it can be seen, the RLF INDICATION message contains a Re-establishment cell ECGI IE, which is present since the introduction of the RLF INDICATION message. However, since the RLF Report from the UE was enhanced as per Release 10, the Re-establishment Cell information is also provided in the RLF Report. This is shown below in Figure 4, which shows an excerpt from RRC UEInformationResponse IE, which contains the RLF Report.
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,


...,


[[
locationInfo-r10



LocationInfo-r10

OPTIONAL,



failedPCellId-r10





CHOICE {




cellGlobalId-r10





CellGlobalIdEUTRA,




pci-arfcn-r10






SEQUENCE {





physCellId-r10






PhysCellId,





carrierFreq-r10






ARFCN-ValueEUTRA




}



}















OPTIONAL,



reestablishmentCellId-r10

CellGlobalIdEUTRA



OPTIONAL,



timeConnFailure-r10



INTEGER (0..1023)



OPTIONAL,



connectionFailureType-r10

ENUMERATED {rlf, hof}


OPTIONAL,



previousPCellId-r10



CellGlobalIdEUTRA



OPTIONAL


]],


[[
failedPCellId-v1090



SEQUENCE {




carrierFreq-v1090



ARFCN-ValueEUTRA-v9e0



}















OPTIONAL


]],


[[
basicFields-r11




SEQUENCE {




c-RNTI-r11





C-RNTI,




rlf-Cause-r11




ENUMERATED {













t310-Expiry, randomAccessProblem,













rlc-MaxNumRetx, spare1},




timeSinceFailure-r11


TimeSinceFailure-r11



}















OPTIONAL,



previousUTRA-CellId-r11


SEQUENCE {




carrierFreq-r11




ARFCN-ValueUTRA,




physCellId-r11




CHOICE {





fdd-r11






PhysCellIdUTRA-FDD,





tdd-r11






PhysCellIdUTRA-TDD




},




cellGlobalId-r11



CellGlobalIdUTRA


OPTIONAL



}















OPTIONAL,



selectedUTRA-CellId-r11


SEQUENCE {




carrierFreq-r11




ARFCN-ValueUTRA,




physCellId-r11




CHOICE {





fdd-r11






PhysCellIdUTRA-FDD,





tdd-r11






PhysCellIdUTRA-TDD




}



}















OPTIONAL


]]

}
Figure 4
RLF Report contained in RRC: UEInformationResponse message as per TS 36.331v11.4.0

Moreover, the Re-establishment cell ECGI IE shall be deliberately ignored when the conditions below, specified in TS36.423v11.5.0, are satisfied:

“If the RRC Conn Setup Indicator IE is present in the RLF INDICATION message, the eNB1 shall ignore the values in the Failure cell PCI IE, Re-establishment cell ECGI IE, C-RNTI IE and ShortMAC-I IE.”

The latter implies that the eNB receiving the RLF INDICATION message (eNB1) shall ignore the Re-establishment cell ECGI IE if the RRC Conn Setup Indicator IE is present, i.e. if the UE reconnects from Idle after the failure. Consequently, the eNB sending the RLF INDICATION message does not have any specified rule on how to set the Re-establishment cell ECGI IE in the latter case. 
Indeed, the specifications do not detail at all how the Re-establishment cell ECGI IE shall be set in case a Release 10 RLF Report is available from the UE and it includes the E-CGI of a re-establishment cell.
In this solution, the eNB receiving a Release 10 RLF Report from the UE shall set the Re-establishment cell ECGI IE to the E-CGI of the cell where the UE has established connection (under the eNB). If this cell is the same as the one pointed by the reestablishmentCellId IE present in the RLF Report, then the first re-establishment attempt the UE made was successful, if the two cells are different, the first re-establishment attempt made by the UE was not successful, i.e. it was either rejected due to problems at the re-establishment eNB or it was never carried out, e.g. due to re-establishment cell becoming unsuitable or due to first re-establishment request from the UE not being received by re-establishment eNB.
By setting this IE as specified above, the task of analyzing whether the first re-establishment was successful or not is performed by the eNB where the failure has occurred thanks to the additional information sent via the RLF Indication.
4   Handling duplicated RLF Indication messages
In some failure cases, a UE can, after the failure, attempt to re-establish to a cell but be rejected by the re-establishment eNB, namely the RRC Re-establishment Request from the UE is received by the eNB, but the response is an RRC Reestablishment Reject message. In this case the UE may select a new cell for re-establishment and connect to it or it might move to Idle and re-connect at a later stage to a different cell. The eNB where re-establishment was attempted may send an X2: RLF INDICATION message to the eNB serving the UE before failure. This RLF INDICATION will not contain the RLF Report as the UE did not have the opportunity to signal the RRC:UEInformationResponse message to the re-establishment eNB. However, this first RLF INDICATION message may contain the C-RNTI and the ShortMac-I IEs, which are identifiers for the UE in the eNB serving it before the failure. 
The eNB receiving this first RLF INDICATION can store it together with failed UE context information. If the UE successfully re-establishes connection in a different cell and signals the RLF Report to the re-establishment eNB, a new RLF INDICATION message will be generated by the successful re-establishment eNB to the eNB serving the UE before the failure occurred. This message will also contain the C-RNTI and ShortMAC-I assigned to the UE before the failure occurred. Therefore the eNB receiving multiple RLF NDICATION messages can store them all with the UE context by means of the C-RNTI and/or ShortMAC-I received in these messages. 

If the analysis of the information in the RLF Indication message containing the RLF Report reveals that the Re-establishment cell ECGI IE in the RLF Indication message is not equal to the reestablishmentCellId IE present in the Var-RLFReport, then the receiving eNB should disregard any previous RLF Indication messages relative to the same UE with regards to MRO statistics. Namely, adjustments towards the E-CGI of the reestablishmentCellId IE may be applied on the basis of correct statistics. 
5   Conclusion 

Two solutions have been presented to solve the ambiguity of the outcome of the RRC procedure i.e. whether the ReestablishmentCellId at the VarRLF-report shall be considered for MRO adjustments or not. 

The solutions we have presented differ in two ways. In solution a) the comparison is performed by the eNB retrieving the RLF report and a new IE is defined to the RLF Indication. In solution b) the comparison is performed by the eNB where the RLF has occurred (the one receiving the RLF Indication) and no additional IE is needed.
It is proposed that these two solutions, as described in section 2, are evaluated together with the ones proposed in [1]. Thus, it is proposed that the TP in annex is included in the TR.37822.
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Annex – Text proposal
4.3.1
Taking the outcome of the RRC re-establishment into account for MRO

Problem description:

The UE is currently only reporting which cell it will attempt to re-establish after a failure in the RLF report. The actual outcome of the re-establishment is currently not available for the MRO analysis. The reported re-establishment cell is used to diagnose the failure by MRO and may lead to a corrective action by MRO. The appropriate corrective actions may differ depending on the actual outcome of the RRC re-establishment.
Solutions:
The problem may be solved by one of two network-based solutions. Both rely on the comparison between cell X = “the cell the UE was connected at the moment the report was retrieved” and cell C = “the re-establishment cell indicated at the RLF report”. If these cells are matched, the re-establishment cell should be considered for MRO adjustments at the eNB where the failure has occurred. The solutions differ in two aspects. In one solution the comparison is performed at the eNB retrieving the RLF report and a new IE is added to the RLF indication to identify the matched and unmatched cases. In another solution, the comparison is performed by the eNB where the RLF has occurred (the one receiving the RLF Indication) and no additional IE is needed, instead the existing IE called Re-establishment cell ECGI in the RLF Indication can be used to signal the cell where the RLF report has been retrieved i.e. a cell where a successful RRC re-establishment has occurred. 
3GPP


