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1 Introduction
It has been discussed in RAN2 previously whether the EUTRA RRC protocol should support a handover failure procedure similar to that of UTRAN.  In the UTRAN procedure, the UE reverts back to the source cell if it fails in the synchronization to the target cell.  With a belief that it is not always the best choice to go back to the source cell, the possibility of using Radio Link Failure Recovery procedure in case of handover failure was also discussed.

In this document, we propose to use the RLF recovery procedure for handover failure recovery.
2 Discussion
2.1
eNB preparation at handover
Although the standard will not specify when the serving eNB initiates the eNB preparation procedure, discussions so far in RAN2 seem to indicate that it can happen at handover time.
In the case that the source eNB performs the eNB preparation, the UE context transferred to other eNBs is based on the configuration before the handover command is taken into account. This is unavoidable, because the source eNB does not try to understand the contents of a handover command built by the target eNB.

It may also be possible that the target (rather than the source) eNB prepares other eNBs. In this case, however, the failure mode where radio link failure occurs before the UE has received the handover command can not be solved. Since our main concern is to address this failure mode, we only consider the case of eNB preparation by the source eNB.

It should be noted that the target eNB can also be considered as a part of a “prepared set”, in the sense that it is aware of the UE context before the application of configurations in the handover command.
A message flow for this case is shown in Figure 1 (overleaf).
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Figure 1: Message flow for handover with preparation by source eNB
2.2 UE behaviour after handover failure
The analysis in the previous section shows that it would make sense for the UE to revert back to the old configuration (i.e., to “undo” the handover command) and try to access the network. This is the same as in the UTRAN case, where the UE behaves “as if the reconfiguration message has not been received”.
The next question is whether the UE should go back to the source cell, as in the UTRAN case. While we believe it is beneficial purely from the connection continuation point of view (since the UE context is certain to be available there), we also think that it is important that we respect the principle that the UE should access the best cell in terms of radio quality (within the serving frequency).
It can be argued that there would be network deployment scenarios in which the source cell will generally remain as the best cell, e.g., inter-frequency handover due to load balancing, or a system with frequency reuse greater than one ([1]).

Therefore we propose that the UE should revert back to the previous frequency in case of handover failure (in the case of intra-frequency handover, the “previous” frequency is understood to be the same frequency). The UE further selects the best cell in that frequency, so that it will not create undesirable interference in the system.  This behaviour should give the desired results in the cases where returning to the source cell would be preferable: If, for example, an inter-frequency handover happens because of load balancing, with the (original) serving cell remaining as the best cell on the (source) frequency, the UE would select the source cell after handover failure.

Proposal 1: In case of handover failure, the UE reverts back to the frequency of the previous serving cell.
Proposal 2: After reverting to the source frequency, the UE selects the best cell in the frequency.
2.3 Handover failure signalling
Assuming the UE behaviour proposed in the previous section, we do not see a clear benefit of having a specific procedure for the case that the UE goes back to the source cell. Our proposal is to utilize the RLF recovery procedure regardless of whether the cell the UE happened to select is the source cell.

It should be noted that the source eNB does not have to distinguish the following two cases, since in both cases the configuration in the handover command is not used by the UE:
· UE detected RLF before receiving the handover command and came back in the same cell;
· UE received the handover command,  failed in the handover process, and came back to the source cell.
Proposal 3:
RLF recovery procedure is used for handover failure recovery (with no specific handling for the case that the UE goes back to the source cell).
2.4 Network control for the UE behaviour

The UE behaviour proposed in section 2.2 can be controlled by the network, since the network is in a better position to know the network deployment and policies (in terms of mobility especially).

This can be achieved by simply having a flag indicating whether the UE should or should not perform the action in the section 2.2. The flag can be provided either in dedicated signalling (e.g. handover command) or in the system information broadcast.

 Proposal 4:
The network can control UE behaviour after handover failure. A flag set by the network in dedicated signalling or in the system information broadcast is used for this purpose. 
2.5 RLF failure after the completion of handover
We would like to highlight the fact that there is not ambiguity, from the network point of view, in whether the UE has finalised handover before performing RLF recovery procedure (e.g. due to Handover Confirm message is sent, but not received by the target cell).

This is because the RRC Connection Re-establishment Request message from the UE includes the old physical cell identity and the old C-RNTI from the serving cell.
Conclusion

We proposed a handover failure handling that maximize the reliability for connection continuation, by allowing the UE goes back to the source cell when the network deployment scenarios allow it. We also proposed a simplification of the protocol to have a single procedure for the recovery after handover failure.

Proposal 1: In case of handover failure, the UE reverts back to the frequency of the previous serving cell;
Proposal 2: After reverting to the source frequency, the UE selects the best cell in the frequency;
Proposal 3:
RLF recovery procedure is used for handover failure recovery (with no specific handling for the case that the UE goes back to the source cell);
Proposal 4:
The network can control UE behaviour after handover failure. A flag set by the network in dedicated signalling or in the system information broadcast is used for this purpose. 
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