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1. Introduction

In RAN2#53 meeting (Shanghai), RAN2 discussed radio link failure and concluded that a working assumption is no forward handover. That is, UE needs to go RRC_IDLE state after radio link failure. However, it was also stated that forward handover could be considered, if RAN2 recognises the necessity.
This document analyses necessity of forward handover for radio link failure from following two aspects.
· Radio link failure scenarios in LTE

· UE and aGW behaviour in case of not to have forward handover

2. Discussion
2.1.  Radio link failure scenarios in LTE
We discuss frequency of radio link failure in LTE in this section. Firstly, we summarise scenarios which might lead radio link failure and frequency of radio link failure for each scenario roughly. Then, we analyse the frequency of radio link failure for most frequent scenario in detail.
Many situations could be considered for radio link failure occasion. In our understanding, those situations could be classified into following three scenarios.
· Scenario1: Handover failure
· Handover procedure is started, and UE tries to establish connection with target eNB which is indicated by "Handover Command message". However, UE fails to establish connection with target eNB, and reconnection procedure for source eNB is also failed.
· Scenario2: Active UE leaves service area of serving cell suddenly
· UE which exchanges data/signalling with eNB enters out-of service area suddenly.
· Scenario3: DRX/DTX UE leaves service area of serving cell during DRX/DTX interval
· UE which uses relatively long DRX/DTX interval leaves service area of serving cell.
Frequency of scenario1 should be rare and it’s not necessary to consider this scenario. Scenario2 might not be so rare, but this scenario could be ignored since this should be optimised by cell design. On the other hand, scenario3 described above won’t be so rare from consideration of measurement interval during DRX/DTX mode. We think that measurement interval could be changed based on DRX/DTX interval to save battery consumption, since we already agreed that battery saving efficiency in DRX/DTX mode of LTE_ACTIVE UE should be same level as LTE_IDLE UE. From this reason, measurement interval might be long in some scenario. If relatively long measurement interval is used in long DRX/DTX interval case, UE might leave serving area of serving cell in case of high UE mobility. We think that this situation won’t occur often in normal case. However, we also think that relatively long measurement interval might be used for some scenario, even though those scenarios might not be so typical case.
Conclusion1:  Frequency of radio link failure is not so rare especially for DRX/DTX UE, if long measurement interval is required to save battery power consumption
2.2.  UE behaviour in case of no forward handover
In UMTS, UE has following two steps, after a radio link failure occurs.
· Cell update phase
· UE stays in RRC_CONNECTED, and service continuously is not affected
· Lower layer context are released
· T314/315 expire phase
· UE goes to RRC_IDLE, and service continuously is affected.
· RRC context are almost released
If no forward handover is supported in LTE, UE goes to RRC_IDLE and UE releases context which won’t be maintained in RRC_IDLE after radio link failure. Currently, although it’s not clear what kinds of information are maintained in RRC_IDLE, some contexts will be released in RRC_IDLE. If release of context in state transition to RRC_IDLE means service continuity is affected, no specific additional function is not necessary for radio link failure but the user experience is not good to compare with UMTS. Therefore we think service continuity should be kept from the user experience perspective. But such service continuity would require additional function or additional sub-state. We think additional complexity by introducing forward handover is relatively small as described in Annex. Therefore, we propose to have forward handover also should be considered. 
Conclusion2:  UE behaviour after radio link failure depends on definition of RRC_IDLE. If additional function or sub-state is required for UE after radio link failure for service continuously, forward handover should be considered since introduction of forward handover requires only small complexity
2.3.  aGW behaviour in case of no forward handover
In case of forward handover procedure (Figure A in Annex), aGW is only involved for path switching and doesn’t need to differentiate forward handover and backward handover. In no forward handover case, following two situations should be considered to specify aGW behaviour.

Case1: aGW receives "Service Request message", after aGW recognises UE in RRC_IDLE

Case2: aGW receives "Service Request message", before aGW recognises UE in RRC_IDLE

Case1 is normal situation in UMTS. So, this won’t be problem. However, in case2, aGW might need to know whether this message is for new service or for on-going service. To solve this situation, additional flag could be introduced. However, this also requires additional complexity in LTE. So, if additional functionality is required in aGW to support case2, we think that the complexity should be compared with introduction of forward handover.
Conclusion3:  aGW behaviour for case2 should be clarified, and the complexity should be compared with complexity for introduction of forward handover
3. Conclusion

In this contribution, we discussed radio link failure scenario and behaviour of UE and aGW, and concluded as follows.
· Frequency of radio link failure is not so rare especially for DRX/DTX UE, if long measurement interval is required to save battery power consumption
· UE behaviour after radio link failure depends on definition of RRC_IDLE. If additional function or sub-state is required for UE after radio link failure, introduction of forward handover also should be considered

· aGW behaviour for case2 should be clarified, and the complexity should be compared with complexity for introduction of forward handover

We propose that RAN2 takes account of these conclusions and discuss necessity of forward handover.
Annex: Procedure after radio link failure
Possible forward handover procedure is illustrated in Figure A. Following functionalities is required to support forward handover.
eNB

· New eNB function to treat "Handover Request message" from UE, and configure UE by "Handover Setup message".
· New eNB function to give a trigger of context transfer and data transfer to source eNB in new eNB
· Source eNB function to transfer context and data to new eNB based on trigger from new eNB 
UE

· Function to initiate "Handover Request message" to new eNB after radio link failure
New message "Handover Request message" needs to be defined, but functions which are required in eNB are not so much different from functions in backward handover. So, we think that additional complexity by support of forward handover is relatively small for eNB. We also think that complexity of UE is also limited.
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Figure A: Forward handover procedure
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