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1 Introduction
It is a current working assumption in RAN2 that the mobility in LTE_ACTIVE state is network controlled and UE controlled mobility is performed via the LTE_IDLE state (i.e. no forward handover).
It was clarified in RAN2#56 meeting that this state transition should not lead to a call drop in application layer (e.g. VoIP/SIP). Rather, only small service interruption should be experienced by the user. In the stage-2 TS [1], the handling of radio link failure with relevant timers (T1, T2) is specified. However implications to the upper layer and overall architectural aspect has not been discussed.
In this document we discuss several issues regarding this working assumption. The purpose of this document is to consolidate RAN2’s understanding on UE controlled mobility via LTE_IDLE.
2 Discussions
2.1 Re-establishment timer expiry
When the re-establishment timer T2 expires, both the UE and the network enter LTE_IDLE state without explicit signalling between them. The corresponding application will be informed of the connection drop at the lower layer.
The following figure shows the case where re-establishment timer T2 expires after the detection of radio link failure. It is assumed that the detection of radio link failure in the network side is not accurate due to the nature of scheduler-based traffic or possible DTX/DRX operation. This is depicted by the re-establishment timer in the network that is slightly longer than T2, which is referred to as T2’ in this document.
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Figure-1: Re-establishment timer expiry
After the indication of the lower layer release, the re-establishment of the service needs to be initiated by the application layer. The application layer may de-activate the service for a service like VoIP. In that case the service drop will be experienced by the user.
2.2 UE controlled mobility before timer expiry
The current working assumption is that the UE controlled mobility can be performed via LTE_IDLE without causing a service drop in the application layer.
As shown in the figure-2 below, the protocol layer should not indicate the connection release to the application layer at UE controlled mobility. This can be achieved by the protocol layer having the concept of “re-establishment sub-state” in LTE_IDLE state. The RRC context is not relocated in the UE controlled mobility, thus the RRC enters RRC_IDLE state during this sub-state and NAS layer would have to manage this sub-state.

In the re-establishment sub-state the NAS layer in the UE keeps the current status for the service. Also the MME/UPE does not release the context of the UE so that the service and corresponding SAE access bearer are continuous after the temporary LTE_IDLE state. SAE bearer re-establishment in this sub-state is discussed in the following section.
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Figure-2: UE controlled mobility via LTE_IDLE
2.3 SAE Access Bearer re-establishment
If the MME/UPE receives a connection request from the UE for which LTE_ACTIVE state is maintained, it enters LTE_IDLE state/re-establishment sub-state where it does not release the UE context from the previous connection. Then the MME/UPE re-establishes the SAE access bearer that has been active in the previous LTE_ACTIVE state, in addition to the default IP access service.
How long the NAS layer should remain in re-establishment sub-state would depend on service type. One can even say that the default IP access service is always in the re-establishment sub-state when the protocol state is in LTE_IDLE and it is always re-established at the state transition from LTE_IDLE to LTE_ACTIVE state.
The following figure shows the state transition at SAE Access Bearer re-establishment. In the example, service A is active before radio link failure is detected and during the re-establishment sub-state the service A is not released.
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Figure-3: SAE Access Bearer re-establishment
2.4 State de-synchronization between network and UE
The detection of radio link failure in the network side may not be accurate in the network side due to bursty nature of uplink traffic. Thus, there will be cases where the UE is actually in “normal” LTE_IDLE (not re-establishment sub-state) and the network is in LTE_ACTIVE when the Connection Request is transmitted.
Without any method to detect the state de-synchronization, the network will enter the re-establishment sub-state at the reception of the Connection Request message from the UE. While the UE only requires the default IP access bearer, the network tries to re-establish SAE access bearer for the service non-existent in the UE. This may lead to unnecessary resource usage (e.g. due to provisioning of persistent grant to the UE).

3 Conclusion
While the purpose of not having forward handover is to simplify the mobility procedure, UE controlled mobility over temporary LTE_IDLE creates several issues that need to be addressed. It was shown in this document that the “simple mobility in LTE_ACTIVE” requires architectural complexities mainly in LTE_ILDE that span over RAN and core network.
The biggest motivation for eliminating UE controlled mobility in LTE_ACTIVE was to avoid complexities for UE context fetch from source eNB. Looking at the issues discussed in this document however, we don’t find a strong justification for the current working assumption. We should also remind the fact that our experience shows that an issue across different network/protocol layers often become a big mess and is difficult to resolve.
We propose that RAN2 discuss whether the understanding of this document is correct. We also think that the benefit of the current working assumption should be carefully assessed among relevant working groups, taking into account the simplicity and complexity that it would bring.
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