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1 Introduction 

The X2AP message HANDOVER REPORT is used to indicate Too Early HO or HO to Wrong Cell to the source cell. It is described in both stage 2 and stage 3 as to be used in case indication of a Radio Link Failure is received within Tstore_UE_cntxt seconds of the completion of a handover. This paper highlights the possible usage also before completion of the handover.
2 Discussion

There are basically two variants of Too Early HO:

· RLF During HO: the UE fails to access the target cell and re-establishes in the source cell

· RLF Soon After HO: the UE has an RLF in the target cell within Tstore_UE_cntxt seconds of completion of handover and re-establishes in the source cell

Similarly there are two variants of HO to Wrong Cell, with the difference being that the UE re-establishes in a cell which is neither the source cell nor the target cell. This paper discusses mainly in context of Too Early HO, but the identified issue is equally applicable to the HO to Wrong Cell scenario.
TS 36.331 defines handover failure as T304 expiry. In case of intra-LTE handover, T304 is started upon reception of an RRCConnectionReconfiguration including the mobilityControlInfo IE and stopped upon successful completion of the random access procedure.

The specification of how the UE sets the PCI and C-RNTI IEs in RRCConnectionReestablishmentRequest is as follows: 

1) in case of T304 expiry (handover failure), the PCI and C-RNTI are set to the values used in the source cell; 

2) in other cases, the PCI and C-RNTI are set to the values used in the cell where the failure occurred.

It can be seen that RLF During HO corresponds to 1) and that RLF Soon After HO corresponds 2).

In 1), if the UE sends the re-establishment request to its source cell using the PCI and C-RNTI it was using there, the source cell can detect Too Early HO without any further signalling. 
In 2), based on the received PCI, the source cell would send X2AP: RLF INDICATION to the target cell (assuming source and target are in different eNBs). If it receives the RLF INDICATION within Tstore_UE_cntxt seconds of the completed handover, the target cell sends X2AP: HANDOVER REPORT back to the source cell.
However, there is a further case of RLF During HO in which the UE successfully completes the random access procedure and still fails to complete the handover. It can happen that the UE is unable to deliver the subsequent RRCConnectionReconfigurationComplete message to the target cell, either by reaching the maximum number of RLC retransmissions, or simply by detecting L1 out-of-sync problems while trying to deliver the message.
In this case, if the UE attempts to re-establish in the source cell, the PCI and C-RNTI in the re-establishment request would be set as in 2) above, i.e. with the values used in the target cell (since the random access procedure had completed). 
Then, the source cell would send X2AP: RLF INDICATION to the target cell based on the received PCI. As a result, the target cell should then send X2AP: HANDOVER COMMAND to the source cell.

However, in TS 36.300 it is stated:

“In case the connection failure does not occur during handover and if the target cell belongs to an eNB B different from the eNB A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicating a Too Early HO event to eNB A upon eNB B receives an RLF INDICATION message from eNB A and if eNB B has sent the UE CONTEXT RELEASE message to eNB A related to the completion of an incoming handover for the same UE within the last Tstore_UE_cntxt seconds.”
It is assume that the completion of an incoming handover means reception of RRCConnectionReconfigurationComplete from the UE in the target cell.
A similar description can be found also in 36.423:

“An eNB initiates the procedure by sending an HANDOVER REPORT message to another eNB controlling neighbouring cells. By sending the message eNB1 indicates to eNB2 that, following a successful handover from a cell of eNB2 to a cell of eNB1, a radio link failure occurred and the UE attempted RRC Re-establishment either at the original cell of eNB2 (Handover Too Early), or at another cell (Handover to Wrong Cell). The detection of Handover Too Early and Handover to Wrong Cell events is made according to [15].”

These statements indicate that HANDOVER REPORT is assumed to be used only after a successful handover procedure. However, the scenario highlighted in this paper indicates the possible usage even in an unsuccessful handover.
3 Conclusion

This paper has discussed the possibility of X2AP: HANDOVER REPORT being used even before successful completion of a handover. CRs to 36.300 and 36.423 can be found in references [1] – [4] to capture the necessary specification changes.
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