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1
Introduction
At RAN3#74, RAN3 had discussed all potential inter-RAT MRO scenarios and drafted a prioritisation table. It is highlighted that use-cases, i.e. LTE-> GERAN/UTRAN HO too late and GERAN/UTRAN ->LTE HO too early are of high priority.
In this contribution, we will make some analysis of the UTRAN->LTE HO too early and give a proposal for how to solve this. 
2
Discussion
Based on the discussion at RAN3#74 meeting, the LTE network will be deployed for capacity coverage in most scenarios while the legacy network (UTRAN) is for full coverage, and LTE network is more capable to offer better QoS and higher speed data transmission for UEs. It is considered that handover should be performed as soon as possible to the preferred RAT (LTE) while still not causing too many failures. Thereby, for this handover direction the detection of "Too early handover" is the main and higher priority failure event. In this section, it is described the two typical cases of Too early HO from UMTS to LTE according to current mechanism. 

2.1
HOF - UE cannot synchronize with the target E-UTRAN cell.
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Figure 1 Failure occurs before UE synchronizes with the E-UTRAN cell

This procedure occurs when UE receives the Handover Command from UTRAN network but cannot synchronize with the E-UTRAN cell. The UE will try to revert back to old configuration and if this succeeds, UE sends Reconfiguration Failure to the source RNC. If UE fails to return to old configuration, UE sends Cell Update according to the reselected cell. 
As discussed above, the handover procedure is uncompleted. The RNC will not receive the Iu release message from the core network, so the UE context with IMSI information will still be available in the source RNC. The RNC can recognize the reconnected UE and consider the scenario as “Too early handover” for IRAT MRO, without any impact to the current specification. 

Proposal 1: When HOF occurs during handover from UMTS to LTE, the RNC can detect “Too Early Handover” from UMTS to LTE by using UE IMSI information.
2.2
RLF - Failure occurs after successful synchronization with target E-UTRAN cell.
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Figure 2 Failure after handover procedure

This scenario occurs after RACC is successful, for example when UE cannot receive L2 ACK of reconfiguration complete message in LTE cell or when RLF occurs within a short time after the UE successfully handover to LTE cell. Then, the UE performs cell reselection to the source RNC.
There are four possible methods to identify the situation, presented in detail as follows:
Option 1: RLF reported in E-UTRAN

When UE reconnects to UMTS cell after failure, it stores the RLF information until it returns to the LTE network. Then, UE sends the RLF Info Available indicator to the eNodeB; the acquisition and analysis procedure of the RLF information is basically the same as intra-LTE MRO. The eNodeB then determines that the failure is due to the handover parameters of the source RNC. Thus RIM or OAM information exchange is required to transfer the RLF information back to the source RNC.
The option will mainly need to enhance the corresponding logging IE in current LTE RLF Report, e.g. cell identity of the cell that served the UE at the last handover initialisation and the cell identity of the cell that the re-establishment attempt was made at to enable the reporting of UTRAN cell identities and will have no impact on UMTS interface specification.

Option 2: Time-Based solution

Similar to proposal 1, RNC still uses the UE IMSI information to detect the failure case. No matter if the Iu Release message is received by source RNC or not, the RNC will keep the UE context with IMSI information for a short period of time. However, it would be difficult for RNC to tell whether the RLF in LTE cell occours. Any case where the UE transit to idle state and return to UTRAN shortly after an inter RAT handover would be interpreted as a mobility failure. The UE may for example be re-directed back by the E-UTRAN cell due to CSFB. 
This is solution would be simple and in line with scenario 1. So if the group believe the redirection case would rarely happen shortly after an inter RAT handover, this mechnism could be feasible.
Option 3: RLF reported in UTRAN

When failure occurs, the UE sends RLF information to the UTRAN after it returns to the source network. In this scenario, the RLF Report mechanism needs to be introduced in UTRAN, similarly with LTE MRO mechanism. After receiving RLF Report from UE, the UTRAN RNC would detect the last serving cell and send RLF Report to the corresponding node.

This solution would heavily impact to current UTRAN Uu and Iur interface, for example by requiring the introduction of RLF available indicator, RLF report, UE capability indication, and information exchange between different RNCs etc. 
Option 4: detected with RLF indicator

Another option, to mitigate the shortcomings of option 2 above is to use a one bit RLF indicator in UTRAN. After the failure, UE returns to the source RNC. The RNC may recognize the UE according to the IMSI information together with a new defined RLF indicator. 
Note that there has been a discussion of including a CSFB redirection indicator. In case this solution is accepted, it might be possible to use this indicator to exclude the redirections due to CSFB.
Proposal 2: In case the group thinks it is beneficial to solve the case when RLF happens in LTE cell after handover from UTRAN to LTE, we prefer option 1 or 2.

2.3
Impacts on the LTE RLF report

As stated above, option 1 requires that the LTE RLF report is modified to include information about the inter RAT handover. 

But option 2-4 also requires some mechanism to prevent that failures due to inter RAT mobility is interpreted as intra-LTE mobility problems. Consider the following example scenario: UE is connected to cell A (UTRAN), successfully hand over to cell B (E-UTRAN) and encounter a failure shortly after hand over. If this inter RAT mobility is disregarded, this will be interpreted as an intra LTE too late MRO failure. 

This may not be a problem for detection based on RRC re-establishment, since the eNB receiving the RLF indication typically has access to UE specific information and can know that the incoming HO was from another RAT. 

But in case the RLF indication is triggered at RRC connection setup, a solution is needed and there are at least two options: 

a) Letting the RNC explicitly signal to the UE to discard the pending RLF report, 

b) By including the time between the reception of the last handover command and the failure in the RLF report also for inter RAT mobility. Thereby, the eNB receiving the RLF indication will understand that the failure was preceded by a mobility event.
Note that even if we decide to not prioritize this use case (RLF) we would probably still need to include a solution (b) in LTE to avoid that this event triggers an intra LTE too late MRO failure event detection. 
Proposal 3: We suggest that the LTE RLF report is extended to include the time between the reception of the last handover command and the failure in the RLF report also for inter RAT mobility 
3
Conclusion

We have provided the following proposal for Rel-11 MRO enhancements:
Proposal 1: When HOF occurs during handover from UMTS to LTE, the RNC can detect “Too Early Handover” from UMTS to LTE by using UE IMSI information.

Proposal 2: In case the group thinks it is beneficial to solve the case when RLF happens in LTE cell after handover from UTRAN to LTE, we prefer option 1 or 2.
Proposal 3: We suggest that the LTE RLF report is extended to include the time between the reception of the last handover command and the failure in the RLF report also for inter RAT mobility
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