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1 Introduction

In [1], we presented a solution for inter RAT MRO in LTE using the RLF report. Since then, the evolved RLF report for intra-LTE MRO was agreed for Rel10. In this document, we highlight the remaining changes needed to support a solution for IRAT too Late using the RLF report. 
2 Background

The RLF report is currently defined in section 22.4.5 of [2] as: 

The UE stores the latest RLF or handover failure related information, and indicates RLF report availability at each subsequent LTE RRC connection (re-)establishment and handover to an LTE cell until the RLF report is fetched by the network or for 48 hours after the RLF or handover failure is detected.

The UE keeps the information during state transitions and RAT changes, and indicates RLF report availability again after it returns to the LTE RAT.

This means that a large part of the previously identified required functionality in [1] is already covered by the RLF report in Rel10. In the following section, we outline the required remaining functionality.
3 Discussion

3.1 Current contents of the RLF report

The content of the RLF report is currently defined as:

-
The E-CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure). If the E-CGI is not known, the PCI and frequency information are used instead.

-
E-CGI of the cell that the re-establishment attempt was made at.

-
E-CGI of the cell that served the UE at the last handover initialisation, i.e. when message 7 (RRC Conn. Reconf.) was received by the UE, as presented in Figure 10.1.2.1.1-1.

-
Time elapsed since the last handover initialisation until connection failure. 

-
An indication whether the connection failure was due to RLF or handover failure. 

-
The radio measurements.

3.2 Failure cases

The intention is to capture failure cases where problems occur in the source cell since the inter RAT handover is performed too late. This basically means that an RLF occurs in an E-UTRAN cell and the UE re-connects in a cell of a different RAT. 

Scenario 1: UE is connected to cell B in E-UTRAN for a long time, encounter RLF and re-establishes in a cell in UTRAN or GERAN.

Since we are only considering problems in the source cell (B), other alternatives such as HOF in the target are not to be considered. But there may also be events occurring prior to the RLF that may affect the analysis.

Scenario 2: UE is connected to cell A in E-UTRAN, is handed over to cell B in E-UTRAN and very shortly after the handover encounter RLF and re-establishes in a cell in UTRAN or GERAN.

Scenario 3: UE is connected to cell A in UTRAN, or GERAN, is handed over to cell B in E-UTRAN and very shortly after the handover encounter RLF and re-establishes in a cell in UTRAN or GERAN.

It is beneficial to distinguish between these scenarios. If the UE experience RLF shortly after HO it may not be possible for the eNB to adjust the inter RAT MRO parameters. So it makes sense to enable the separation of these problems for eNB handling cell B.

It may also be beneficial to allow the correction of the mobility parameters, at least in scenario 2. One simple solution could be to signal this event as a too early handover, thereby causing the handover from A to B to be delayed. Doing the same for scenario 3 would require RIM signalling.

Proposal 1: We suggest enabling the detection and correction of Scenario 1 and 2 in the inter RAT too late failure event problem. Scenario 3 should be possible to detect. The possibility to correct scenario 3 may be considered but with lower priority.

3.3 Cell identities in the RLF report

The cell where the UE establishes a connection after the failure may or may not be known by the source cell. Further, the frequency and RAT type of this neighbour cell may or may not be configured for mobility measurements in the source cell.

To identify the cell, we suggest using the physical cell identity. For the inter RAT too late scenarios this cell can be either a UTRAN or GERAN cell. By also including the frequency and RAT information in the RLF report, we enable the source eNB to configure ANR measurements to identify the neighbour cell.
Proposal 2: Add the physical identity, frequency and RAT type of the UTRAN or GERAN cell where the UE attempts to reconnects in another RAT.

Note that in case we choose to support correction of scenario 3we also need to extend the possibility to report the UTRAN or GERAN cell identity of the cell that served the UE at the last handover initialisation. 

3.4 Usage of time in the RLF report

The current definition of the reported time (time elapsed since the last handover initialisation until connection failure) in 36.331 is as follows: 

“set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo”
This time can be sued to distinguish between Scenario 1 and 2 (discussed above).

This time should therefore also cover the cases when the last hand over is from a cell of a different RAT. This way, the eNB receiving the RLF indication can distinguish between scenario 1 and 3 (discussed above).

Proposal 3: Report the time between reception of HO command and failure also for handovers from other RATs.

3.5 Impact on the RLF indication message
When possible, we suggest to re-use the X2AP message RLF indication and extend it with inter RAT information. This is possible by introducing new information into the RLF report container. 
In the inter RAT case, the RLF report may however be received in a cell far away from the last serving LTE ll. This may also happen in intra-LTE MRO scenarios, but for that case, the usage of the information for MRO purposes is limited, since if the UE is unable to report back immediately, there is probably a lack of LTE coverage and hence the problem is not intra-LTE mobility related. 
For inter RAT mobility however, this is a very important use case. Therefore, a S1 solution is crucial and we suggest a S1 solution for the cases where the eNB receiving the RLF report does not have an X2 connection to the source cell. 

Proposal 4: Extend SON Information for carrying the RLF indication

For routing purposes, we need to include the TAI of the last cell that served the UE before the failure to route the message to the correct eNB in case the eNBs are not connected to the same MME. 

Proposal 5: Include TAI of the cell that last served the UE in the RLF report to enable routing in case eNBs are not served by the same MME.

4 Conclusions

In this paper, we have discussed the remaining requirements for the solution for Inter RAT too late detection. We propose the following:
Proposal 1:
We suggest enabling the detection and correction of Scenario 1 and 2 in the inter RAT too late failure event problem. Scenario 3 should be possible to detect. The possibility to correct scenario 3 may be considered but with lower priority.
Proposal 2:
Add the physical identity, frequency and RAT type of the UTRAN or GERAN cell where the UE attempts to reconnects in another RAT.
Proposal 3:
Report the time between reception of HO command and failure also for handovers from other RATs.
Proposal 4:
Extend SON information transfer for carrying the RLF indication
Proposal 5:
Include TAI of the cell that last served the UE in the RLF report to enable routing in case eNBs are not served by the same MME.
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