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1	Introduction
RAN#80 plenary approved a Work Item (WI) entitled “Even further Mobility enhancement in E-UTRAN” to address mobility optimizations that were not included in Release 15 [1]. One of the objectives of the WI is to:
· 	Specify further enhancements to achieve following targets, [RAN2/3]
· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
· improve the robustness during handover
Having optimizations that minimize the number of handover and radio link failures should be given the highest priority. However, such failures cannot be avoided for all UE speeds and use cases. As such, it is also important to optimize failure recovery to minimize user data interruption time.
2	Overview of failure recovery mechanisms
In [2], we discussed factors that affect failure recovery latency and potential mechanisms to minimize the latency. These discussions focus on failure due to strong interference, which occurs in cell boundaries and is basically a Handover failure if the Radio Link Failure (RLF) is declared while Time to Trigger (TTT) is running. Some of the mechanisms to minimize failure recovery latency are:
· Avoiding failure recovery through NAS signalling as long as a recovery through AS signalling is possible, and when the recovery through AS signalling fails, initiating the NAS recovery as quickly as possible. To achieve this, the target cell for recovery should initiate context fetching procedure if UE context is not proactively provided to the target cell. This implies, recovery through NAS signalling is needed only in the rare cases where UE context cannot be retrieved by the source cell. Even in such a case, RRC Setup can be sent instead of RRC Reestablishment Reject to save a round-trip latency during the failure recovery through NAS signalling [3].
· Early activation of SRB1 during RRC Reestablishment procedure [4][5]. Similar to RRC Resume procedure, SRB1 can be activated early such that the RRC Reestablishment message from the network to the UE can be sent using SRB1 during RA message 4. This further implies the RRC Reconfiguration message can also be sent to the UE in RA message 4, either multiplexed with the RRC Reestablishment message or separately. This saves a round trip latency of the air interface, compared to activating SRB1 after RRC Reestablishment Complete is received from UE by the network in RA message 5. 
· Proactive provisioning of System Information (SI) of the potential target cells to UE. This reduces the failure recovery latency as system information acquisition of the target cell can be done in a shorter time span, for example, compared to accessing the target through a contention based random access procedure. However, blindly providing the system information of all the neighbouring cells of the serving cell to the UE leads to significant wastage of resources such as RACH resources and signalling overhead to acquire the SI of the neighbour cells. Therefore, it is important to provide only the SI of a selected set of cells to the UE. Such selection might require optimizations to minimize its impact on the network, for example, with the assistance of MRO.
· Availability of the UE AS context in the target cell for recovery. This reduces the time required to fetch UE context from the source cell. As such, if there are cells that have UE AS context and the UE is aware of them, they should be prioritised over cells with no UE AS context. For example, in conditional handover, the UE is provided with the list of candidate cells which have UE AS context received during HO preparation, and it can prioritise such cells for RRC Reestablishment during recovery from a failure.
· Early RLF/HOF declaration to quickly initiate RRC Reestablishment procedure. This is important in situations where the link to the source cell is poor and there is also a target cell for recovery with good signal quality. In fact, timer T312 is introduced for this purpose, where it is started if a measurement report is triggered for measurement identity for which T312 is configured (i.e. there is at a target cell with good cell quality) while T310 is running (i.e. the radio link to the source cell is poor). However, T312 may still need further enhancements as it will be discussed in the next section.
Considering the above discussions on different mechanisms to minimize failure recovery latency, the following observations and proposals are made:
Proposal 1: Failure recovery using NAS signalling should be avoided if the recovery can be achieved using RRC signalling. When the recovery through AS signalling fails, the recovery through NAS signalling should be initiated as quickly as possible, e.g. the network sending RRC Setup message to the UE instead of RRC Reestablishment Reject message.
Observation 1: Enhancement for early activation of SRB1 is beneficial to speed up failure recovery.
Proposal 2: The network may provide SI of potential target cells for failure recovery to reduce failure recovery latency. However, optimizations to minimize its impact on the network, for example with the assistance of MRO, should be considered.
Proposal 3: UE should prioritise re-establishment towards cells with proactively prepared UE AS context. It is FFS if different T312 timer values can be used for different cells to prioritise and speed up re-establishment towards cells with UE context.
3	Timer T312 enhancements
The timer T312 is introduced to enable early RLF declaration, instead of waiting for timer T310 to expire to declare an RLF. The rationale behind the need for an early declaration of RLF is that if the link to the source cell is poor and there is a target cell with good enough signal quality to trigger a measurement report, the link to the source cell is unlikely to be recovered and the RRC Reestablishment to the target cell is likely to succeed [6]. Therefore, for an early declaration of RLF, at least the following conditions should be fulfilled:
1. The radio link to the source cell is poor. In [7], this condition is fulfilled if timer T310 is running, i.e. radio link problem is detected towards the source cell.
2. There is a neighbour cell with good signal quality. In [7], this condition is fulfilled upon triggering a measurement report for a measurement identity for which T312 has been configured.
In current spec [7], timer T312 is started if condition 2 is fulfilled after condition 1, see Figure 1, and while condition 1 still holds. If condition 2 is fulfilled while T310 is running, it implies that condition 1 is fulfilled before condition 2 and condition 1 holds when condition 2 is fulfilled. In other words, condition 2 should be fulfilled before timer T310 expires, i.e. T2-T1 should be less than timer T310 value, or before T310 is aborted if the link to the source cell improves. Notice that, if by the time condition 2 is fulfilled the remaining running time of T310 is less than timer T312 value, the RLF can only be declared after T310 expires as T312 would be still running when T310 expires.


[bookmark: _Ref4536240]Figure 1:When condition 1 is fulfilled before condition 2, e.g. UE triggers a measurement report for a measurement identity associated with timer T312 after a radio link problem is detected towards the source cell, i.e. while timer T310 is running.
It would also be important to enhance timer T312 to enable the possibility of early RLF declaration when condition 2 is met before condition 1, e.g. in a case as shown in Figure 2 [6]. This scenario is particularly relevant to conditional handover, as measurement report to prepare candidate cells, which can also be associated with timer T312, is likely to be triggered before radio link problem is detected towards the source cell. However, it should be ensured that condition 2 still holds when condition 1 is fulfilled, e.g. before starting timer T312. 


[bookmark: _Ref4536262]Figure 2:When condition 1 is fulfilled after condition 2, e.g. UE triggers a measurement report for a measurement identity associated with timer T312 before a radio link problem is detected towards the source cell, i.e. while timer T310 is running.
The UE can verify directly or indirectly whether condition 2 (e.g. the condition that triggered a measurement report for a measurement identity which is associated with timer T312 is still valid) holds when condition 1 (e.g. Timer T310 is running) is fulfilled before starting timer T312. It is especially important to directly check if condition 2 still holds when condition 1 is fulfilled when the time elapsed starting from the fulfilment of condition 2 until condition 1 is fulfilled is large, for example larger than a suitably selected parameter T, T2-T1 >= T. However, the UE might assume that condition 2 still holds when condition 1 is fulfilled if the time elapsed starting from the fulfilment of condition 2 until condition 1 is fulfilled is relatively small, for example less than parameter T, i.e. T2-T1 <= T.
Proposal 4: Timer T312 should be enhanced to include the case where UE triggers a measurement report for a measurement identity which is associated with T312 before a radio link problem towards the source cell is detected, i.e. T310 starts running.
Proposal 5: Timer T312 can be started as early as when T310 starts running if measurement report has already been triggered and the condition for triggering the measurement report still holds at the start of T310.
4	Conclusion
The contribution discussed failure recovery for LTE. Several factors that might impact the recovery process are discussed, and the following observations and proposal are made.
Observation 1: Enhancement for early activation of SRB1 is beneficial to speed up failure recovery.
Proposal 1: Failure recovery using NAS signalling should be avoided if the recovery can be achieved using RRC signalling. When the recovery through AS signalling fails, the recovery through NAS signalling should be initiated as quickly as possible, e.g. the network sending RRC Setup message to the UE instead of RRC Reestablishment Reject message.
Proposal 2: The network may provide SI of potential target cells for failure recovery to reduce failure recovery latency. However, optimizations to minimize its impact on the network, for example with the assistance of MRO, should be considered.
Proposal 3: UE should prioritise re-establishment towards cells with proactively prepared UE AS context. It is FFS if different T312 timer values can be used for different cells to prioritise and speed up re-establishment towards cells with UE context.
Proposal 4: Timer T312 should be enhanced to include the case where UE triggers a measurement report for a measurement identity which is associated with T312 before a radio link problem towards the source cell is detected, i.e. T310 starts running.
Proposal 5: Timer T312 can be started as early as when T310 starts running if measurement report has already been triggered and the condition for triggering the measurement report still holds at the start of T310.
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