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1. Introduction
Handover (HO) parameter optimization is one of the SON use cases described in [1]. This contribution provides the framework for the HO Parameter Optimisation functionality by:
· Categorising failures caused by incorrect HO parameter settings;
· Describing the information that needs to be exchanged between eNBs for the support of HO Parameter Optimisation SON functionality and 
· Defining OAM requirements.
2. Discussion
Incorrect HO parameter settings can negatively affect user experience and waste network resources by causing HO ping-pongs, HO failures and radio link failures (RLF). HO ping-pongs have been addressed by specifying the IE UE History Information [2] sent in the X2-AP Handover Request message [3]. While HO failures that do not lead to RLFs are often recoverable and invisible to the user, RLFs caused by incorrect HO parameter settings have a combined impact on user experience and network resources. Therefore, the main objective of HO parameter optimization should be reducing the number of HO-related radio link failures.
HO-related failures can be categorized as follows:

· Failures due to too late HO triggering

· Failures due to too early HO triggering
· Failures due to HO to a wrong cell
2.1. Too Late HOs
If the UE mobility is more aggressive than what the HO parameter settings allow for, handover can be triggered when the signal strength of the source cell is already too low leading to a RLF; or handover may not be triggered at all if a RLF preempts it. This is a common scenario in areas with high user mobility, such as along the highways, high speed train lines etc. 

2.1.1. Signature of Too Late HOs

· RLF in the source cell before the HO was initiated
· UE re-establishes the connection in the target cell. 
2.1.2. Detection of Too Late HOs
The source cell is not always aware of too late HOs because RLF may occur before the source cell is able to receive the HO-triggering MRM from the UE. In this case, the source cell is aware of the RLF, but it does not know whether a handover should have been triggered or not. Therefore, feedback from the target cell to the source cell about the RLF is necessary in order to inform the source cell about too late HO scenarios.

2.1.3. Solution for Detection of Too Late HOs

If the UE re-establishes the connection at eNB B after a radio link failure at eNB A then eNB B shall report this RLF event to eNB A.
2.2. Too Early HOs
Too early HO can be triggered when the UE enters unintended island of coverage of another cell contained inside the coverage area of the serving cell. This is a typical scenario for areas where fragmented cell coverage is inherent to the radio propagation environment, such as dense urban areas. 
2.2.1. Signature of Too Early HOs

· RLF occurred short time after the UE successfully connected to the target cell 
· UE re-establishes the connection in the source cell
2.2.2. Detection of Too Early HOs

The source cell will detect the connection re-establishment by the UE. However, since the UE had successfully connected to the target cell prior to RLF, the source eNB will have received the UE Context Release X2-AP message from the target eNB and might have deleted the UE context. As a result, the source cell will not link this event with an outgoing handover but rather with a case of an incoming too late handover that requires it to report the RLF event to the target eNB (Section ‎2.1.3). Differentiating between these two scenarios in a consistent manner is needed for the stability of HO parameter optimization function in the network, especially along inter-vendor boundaries. 
The mechanism to differentiate between these two scenarios can be implemented in either source eNB or in target eNB or both. It is more efficient to place it in target eNB since it can be re-used for detection of HOs to wrong cells, as described in Section ‎2.3.2.   
2.2.3. Solution for Differentiation between Too Late and Too Early HOs
eNB A shall not act upon a RLF report received from eNB B if eNB A has sent the UE Context Release message to eNB B related to the completion of an incoming HO for the same UE within the last Tstore_UE_cntxt seconds. 

2.3. HO to a Wrong Cell 
If the Cell Individual Offset (CIO) [4] parameters are set incorrectly, the handover, albeit timed correctly, will be directed towards a wrong cell.
2.3.1. Signature of HO to a Wrong Cell

· RLF during HO procedure (either in the source cell or in the target cell)
· UE re-establishes the connection in a cell other than the source cell or the target cell
2.3.2. Detection of HO to a Wrong Cell

If the RLF occurred in the source eNB, the source cell will receive a RLF event report (Section ‎2.1.3) and will be able to classify this scenario as a HO to a wrong cell based on the cell from which the report is received. 
If the RLF ocurred in the target eNB, the target eNB will be the one to receive the RLF event report and therefore the source eNB will not be aware of the handover to a wrong cell. Moreover, the RLF report may indicate a too late HO problem to the target eNB. In order to allow corect identification of this scenario as a HO to a wrong cell the RLF event report needs to be forwarded by the target eNB to the source eNB. 
If the “wrong” cell belongs to the same eNB as the traget cell the target eNB needs to generate the RLF event report and send it to the source eNB.
2.3.3. Solution for Detection of HO to a Wrong Cell

eNB A shall forward to eNB B a RLF report received from a third eNB if eNB A has sent the UE Context Release message to eNB B related to the completion of an incoming HO for the same UE within the last Tstore_UE_cntxt seconds. 

2.4. OAM Requirements

2.4.1. Role of OAM in HO Parameter Optimisation

While algorithms for HO parameter optimisation should be located in the eNB, network operators should have the ability to provide their input reflecting their knowledge about the network and their network management policies, including:

· Knowledge about levels and patterns of user mobility and their fluctuations,
· Desired tradeoff between handover preformance and required network resources,
· Acceptable impact of HO parameters on load balancing.
This issue is analogous to the need for operators’ input into PCI assignment functionality [5], [6]. Therefore, the solution adopted for PCI assignment should also be adopted for HO parameter configuration; namely: network operator should be able to configure a range of HO parameters from which the eNB should pick a value using proprietery algorithms for HO parameter optimisation. 
2.4.2. Parameter Tstore_UE_cntxt
Parameter Tstore_UE_cntxt shall be configurable by network operator.
3. Conclusion
The following four proposals describe complete set of information that needs to be exchanged over standardized interfaces for the purpose of handover parameter optimisation. 

Proposal 1

If the UE re-establishes the connection at eNB B after a radio link failure at eNB A then eNB B shall report this RLF event to eNB A.
Proposal 2
If eNB A receives a RLF report within Tstore_UE_cntxt seconds since it has sent the UE Context Release message to eNB B related to the completion of an incoming HO for the same UE eNB A shall do the following:
· If the RLF report was received from an eNB other than eNB B the RLF report shall be forwarded to eNB B;
· Otherwise, eNB A shall not act upon the RLF report. 
Proposal 3
Operator shall be able to configure a range for HO-related parameters in the OAM System, such as hysteresis, Time to Trigger, CIO etc.

Proposal 4
Operator shall be able to configure the parameter Tstore_UE_cntxt. 
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