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1   Introduction
In the previous meeting, it was agreed to capture the problem related to the impact of the outcome of the RRC re-establishment on MRO in TR 37.822. In this document, we describe the background of the problem more thoroughly and also discuss different solutions that can solve this problem. We also provide a text proposal to be included in the TR 37.822.  
2   Background

2.1   RRC re-establishment

The RRC connection re-establishment procedure, including both success and failure cases, is described in section 5.3.7 of TS 36.331( as depicted in Annex A for your convenience).
In general, the RRC connection re-establishment can be either successful or failed. One of the failure cases is that the procedure is rejected in case the eNB is not prepared (i.e. it does not have the UE context).
2.2   UE behavior for the RLF report
The UE behavior related to the RRC connection re-establishment, especially the functionality of storing and reporting the re-establishment cell (reestablishmentCellId) for the RLF report, is also defined in Section 5.3.7 of TS 36.331 (as listed in Annex A) and can be summarized in Figure 1.
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Figure 1: UE behaviour in RRC connection re-establishment
As specified in sections 5.3.7.3 and 5.3.7.4 the ReestablishmentCellId is stored in the VarRLF-Report when the suitable E-UTRA cell is selected. The timer T301runs between the transmission of the RRCConnectionReestabilshmentRequest until the reception of RRCConnectionReestablishment or the RRCConnectionReestablishmentReject message, as specified in sections 5.3.7.5 and 5.3.7.7.
As can be seen, there are three outcomes of the RRC re-establishment from the UE point of view after transmission of RRCConnectionReestablishmentRequest message:
a) Reception of the RRCConnectionReestablishment
b) T301 expiry or selected cell no longer suitable
c) Reception of RRCConnectionReestablishmentReject
The first case (a) is a successful re-establishment whereas (b) and (c) are failed RRC re-establishment. But in (c) the failure is due to the re-establishment cell is not prepared by the source cell (no UE context) whereas the failure for (b) is related to problems connecting to the re-establishment cell. In all these cases, the ReestablishmentCellId is stored in the VarRLF-Report. 
2.3   ENB retrieval of the RLF report

The RLF report is stored in the UE up to 48 hours. As indicated in sections 5.3.7.5, 5.4.2.3 and 5.3.3.4 of TS36.331 (listed in Annex A), the UE will notify the network that a stored RLF report is available by using the rlf-InfoAvailable in either the RRCConnectionReestablishmentComplete message, or the RRCConnectionReconfigurationComplete message, or the RRCConnectionSetupComplete message.

The eNB may then request the information stored in RLF report using UEInformationRequest message (as specified in section 5.6.5.3 of TS36.331). After the message is received by the eNB, the UE will discard the VarRLF-Report. 
2.4   eNB behavior for the RLF indication

Radio Link Failure Indication procedure is defined in section 20.2.2.12 of TS 36.300 as follows:
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It is further specified in section 8.3.9 of TS 36.423 (as listed in Annex A).It should be noted that the RLF indication can be triggered following a re-establishment attempt, i.e. when “a re-establishment request is received”. In this case it does not neccesarily require that the re-establishment is succesful or failed, or rejected. One example as described in the previous section, would be the case where after transmission of RRCConnectionReestablishmentRequest message timer T301 expires or selected cell is no longer suitable, the UE will return to idle mode. If this happens after the RRCConnectionReestablishmentRequest is received by the eNB, this will be perceived as an incomplete re-establishment.
Hence, there are three outcomes of the RRC re-establishment from the eNB point of view:

a) Reception of the RRCConnectionReestablishmentComplete
b) Succesful transmission of RRCConnectionReestablishmentReject

c) Incomplete, i.e. the RRCConnectionReestablishmentRequest is received by the eNB, but the UE returns to idle mode. 
2.5   Duplicated RLF indications

As the RLF indication can be triggered both by receiving a re-establishment request or when a connection failure is reported (when receiving the RLF report), this may result in that one failure triggers the transmission of two RLF indications. 
One example of this is if the re-establishment of a Rel10 UE is rejected. The last serving eNB may receive a first RLF indication from the cell where the re-establishment is rejected and a second RLF indication from the cell where the RLF report is uploaded. This duplication of RLF indication messages was discussed during Rel10. The second RLF indication includes the RLF report which provides additional information to the eNB analyzing the failure event. There is no way for the eNB to avoid sending these two RLF indications. The eNB receiving the re-establishment request cannot know whether the UE is capable of sending an RLF report from idle, and should therefore send the first RLF indication. Therefore one proposed solution is to send both RLF indications but on the receiver side either disregards the first RLF indication (for Rel10 UEs which is likely to send a trigger a second RLF indication, including the RLF report) or try to combine the information from the two RLF indications.

Another example is if the RRC re-establishment is successful, but the eNB does not request the UE to upload the RLF report before the UE is handed over to another cell. The eNB that decided not to upload the RLF knows that the UE is able to send the RLF report, but for some reason he is choosing not to upload this. This may be for example due to lack of resources (radio or hardware) or because the eNB is not supporting the usage of the RLF report. In this case, the eNB may trigger the RLF indication based on the information in the RRC re-establishment and a neighbor eNB may trigger the RLF indication based on the RLF report.
Yet another example would be if the RRC re-establishment fails in the middle of the procedure, for example if the UE does not receive the RRCConnectionReestablishment or the RRCConnectionReestablishmentReject before T301 expires due to DL problems or if there is UL problems causing the transmission of the RCConnectionReestablishmentComplete to fail. In this case, the eNB may trigger the RLF indication based on the information in the RRC re-establishment and a neighbor eNB may trigger the RLF indication based on the RLF report.
3   Problem

As pointed out above, 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. In some cases when the re-establishment fails during the procedure due to radio problems and the UE will abort the procedure and return to idle. Some scenarios where this may occur are:

· Although the measured DL is good, the UL is not good enough. This may be due to:

· A pico cell located close to an area where there is typically a large UL traffic from UEs connected to a macro. 

· Scenarios with UL/DL imbalance (one example of this is discussed in R2-131266)
· Although the measured DL at the time of failure is good, the DL quality during the actual re-establishment is poor. This may be due to: 

· The smaller size of the cells and the steeper variation of path loss in pico cells, making any irregularities (overshoot) smaller. 

· Larger volume of small HetNet cells deployed with relaxed planning.

This indicates that this re-establishment cell shall not be considered as suitable for mobility and should not be considered in the MRO analysis. Some examples are as follow:
In the HO too late case, the re-establishment cell is typically used to validate that the failure is not caused by a coverage hole and also indicates to which cell a handover should have been triggered earlier. But if the re-establishment fails during the procedure due to radio problem it will not be beneficial to adjust the mobility parameters for the re-establishment cell. 
In the HO to wrong cell case, the cell selected for the failed handover is typically adjusted to occur later. But it is also possible to trigger future handovers to the re-establishment cell earlier. But if the re-establishment fails during the procedure due to radio problem it will not be beneficial to adjust the mobility parameters. 
In the HO too early case, the re-establishment cell can be the same as the source cell in case of HOF. In this case, the problem does not exist, since the analysis is performed in the same eNB where the UE attempts to re-establish. But if the RLF occurs after staying a short time in the target cell after a successful handover, the re-establishment cell (source) will trigger an RLF indication to the target cell which may respond with a HO report back to the source cell. If the re-establishment fails during the procedure due to radio problem, adjusting the handover to take place later will not help to resolve the situation, since the UE was not able to re-establish back to the last serving cell.
In conclusion, the problem that has been identified 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, but in some cases when the re-establishment fails during the procedure due to radio problems and this re-establishment cell shall not be considered as suitable for mobility and should not be considered in the MRO analysis. 
4   Possible solutions
The proposed solution provides additional information to the eNB receiving the RLF indication. This could be done in (at least) two ways. One way is a UE based solution where the outcome of the re-establishment is included in the RLF report. The other way is a network based solution where this information is included in the RLF indication. 
4.1   UE based solution
In these solutions, the RLF report is modified to either:

· Include an indicator in the RLF report to indicate whether the re-establishment was succesful or rejected, or incomplete;
· Only include re-establishment cell ID if the re-establishment was either successful or rejected;

· Include the causes of the failed re-establishment in the RLF report, such as no suitable cell can be selected, the selected cell is no longer suitable, the RRC re-establishment request is rejected, etc.
· Only send RLF Report when the re-establishment was either successful or rejected.
This solution is quite straightforward but would require that the UE behaviour is modified. Hence, this will only improve the reporting for Rel12 UEs (and not legacy UEs). 
4.2   Network based solution

The basic idea in this solution is to add a flag into the first RLF indication (triggered by the re-establishment). This information can be stored in the receiving eNB and combined with a second RLF indication (triggered by the RLF report). This is possible since Rel11, because the C-RNTI is added to the RLF report. This enables the eNB receiving the two RLF indications to match the RLF indications from the same event. 

· At re-establishment, the eNB sending the RLF indication would include the outcome of the re-establishment.

· The eNB receiving this RLF indication would store 

· the C-RNTI, 
· the time the RLF indication was received,

· and the reported outcome of the re-establishment
· When the eNB receives an RLF indication triggered by the reception of an RLF report, the eNB can use the reported C-RNTI and timer value (the time between failure and reporting) to retrieve the previously stored information.

· The eNB may also include this information in the HO report (if sent) 
This solution would be a bit more complicated for the eNB. It would require storing the C-RNTI, the time the RLF indication was received and the reported outcome of the re-establishment for up to 48 hours, in order to possibly combine with a second RLF indication. The advantage of this solution is that it requires no modification of the UE, and that this would be supported for UEs from Rel-11. 
5   Summary

We propose that the TP in Annex B is agreed to be included in the TR.
Annex A – Related sections in specifications  

TS36.331
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TS36.423
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Annex B – Text proposal

4.3.x
Scenario x – Taking the outcome of the RRC re-establishment into account for MRO 

The UE is currently only reporting which cell it will attempt to re-establish after a failure in the RLF report. It does not report whether the re-establishment was completed (successfully or rejected) or incomplete. The actual outcome of the re-establishment is therefore 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 MROand the appropriate corrective actions may differ depending on the actual outcome of the RRC re-establishment.
Solutions
This may be solved either by the UE or by the network. 

The RLF reporting in the UE may be modified to either:

· Include an indicator in the RLF report to indicate whether the re-establishment was succesful or rejected, or incomplete;

· Only include re-establishment cell ID if the re-establishment was either successful or rejected;

· Include the causes of the failed re-establishment in the RLF report, such as no suitable cell can be selected, the selected cell is no longer suitable, the RRC re-establishment request is rejected, etc.
· Only send RLF Report when the re-establishment was either successful or rejected.

The network based solution would be to include a new indicator in RLF indication triggered at RRC re-establishments, where this indicator reflects whether the RRC re-establishment is completed (successfully or rejected) or incomplete. This information is later combined with the RLF indication generated when the UE is returning from idle mode. 






























The purpose of the Radio Link Failure Indication procedure is to enable mobility robustness improvement in E-UTRAN by passing information about a failure event over the X2 interface.


When a re-establishment request is received or a connection failure reported after RRC connection setup, the eNB uses the cell identifiers provided by the UE to identify the potentially previous serving cell/eNB. The eNB that received the information about the failure sends a RLF INDICATION message to the concerned eNB(s). The previously serving eNB may then match the correct context, or use the information available in the RLF Report, if included in the RLF INDICATION message, to analyze the possible root cause of the failure.











5.3.7	RRC connection re-establishment


5.3.7.1	General
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Figure 5.3.7.1-1: RRC connection re-establishment, successful
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Figure 5.3.7.1-2: RRC connection re-establishment, failure





5.3.7.3	Actions following cell selection while T311 is running


Upon selecting a suitable E-UTRA cell, the UE shall:


1>	stop timer T311;


1>	start timer T301;


1>	apply the timeAlignmentTimerCommon included in SystemInformationBlockType2;


1>	initiate transmission of the RRCConnectionReestablishmentRequest message in accordance with 5.3.7.4;


…





5.3.7.4	Actions related to transmission of RRCConnectionReestablishmentRequest message


If the procedure was initiated due to radio link failure or handover failure, the UE shall:


1>	set the reestablishmentCellId in the VarRLF-Report to the global cell identity of the selected cell;





5.3.7.5	Reception of the RRCConnectionReestablishment by the UE


NOTE 1:	Prior to this, lower layer signalling is used to allocate a C-RNTI. For further details see TS 36.321 [6];


The UE shall:


1>	stop timer T301;


1>	consider the current cell to be the PCell;


…





5.3.7.7	T301 expiry or selected cell no longer suitable


The UE shall:


1>	if timer T301 expires; or


1>	if the selected cell becomes no longer suitable according to the cell selection criteria as specified in TS 36.304 [4]:


2>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'RRC connection failure';





5.3.7.8	Reception of RRCConnectionReestablishmentReject by the UE


Upon receiving the RRCConnectionReestablishmentReject message, the UE shall:


1>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'RRC connection failure';





5.3.7.5	Reception of the RRCConnectionReestablishment by the UE


….


1>	set the content of RRCConnectionReestablishmentComplete message as follows:


2>	if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:


3>	include the rlf-InfoAvailable;





5.4.2.3	Reception of the RRCConnectionReconfiguration by the UE


….


1>	set the content of RRCConnectionReconfigurationComplete message as follows:


2>	if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:


3>	include rlf-InfoAvailable;





5.3.3.4	Reception of the RRCConnectionSetup by the UE


….


1>	set the content of RRCConnectionSetupComplete message as follows:


2>	if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:


3>	include rlf-InfoAvailable;





5.6.5.3	Reception of the UEInformationRequest message


….


1>	if rlf-ReportReq is set to true and the UE has radio link failure information or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:


2>	set timeSinceFailure in VarRLF-Report to the time that elapsed since the last radio link or handover failure in E-UTRA;


2>	set the rlf-Report in the UEInformationResponse message to the value of rlf-Report in VarRLF-Report;


2>	discard the rlf-Report from VarRLF-Report upon successful delivery of the UEInformationResponse message confirmed by lower layers;





8.3.9	Radio Link Failure Indication


8.3.9.1	General


The purpose of the Radio Link Failure Indication procedure is to transfer information regarding RRC re-establishment attempts, or received RLF Reports, between eNBs. The signalling takes place from the eNB at which a re-establishment attempt is made, or an RLF Report is received, to an eNB to which the UE concerned may have previously been attached prior to the connection failure. This may aid the detection of radio link failure and handover failure cases (TS 36.300 [15]). 


The procedure uses non UE-associated signalling.





8.3.9.2	Successful Operation
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Figure 8.3.9.2-1: Radio Link Failure Indication, successful operation


eNB2 initiates the procedure by sending the RLF INDICATION message to eNB1 following a re-establishment attempt or an RLF Report reception from a UE at eNB2, when eNB2 considers that the UE may have previously suffered a connection failure at a cell controlled by eNB1.
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