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1
Introduction
In LTE networks system performance shall be increased by self-optimisation procedures. For the use case “mobility robustness optimisation”, which is described in [1], the minimisation of Radio Link Failures (RLFs), the avoidance of non-suitable handovers and the avoidance of short visit times shall be achieved in an automatic manner.

2
Discussion
There are situations in real network environments where handovers towards a specific target cell shall be avoided at specific border locations whereas other border locations are well suited for handovers towards this target cell. Such situations occur e.g. when a UE moves immediately after successful handover into a coverage hole of the target cell and no rapid handover can be executed to a new neighbour cell. Another example with respect to the necessity of location based information is a scenario where a UE remains only for a short time in a target cell when approaching at a specific border location. Then the target cell has always to execute a rapid handover towards another neighbour cell. For these scenarios it is obvious that a modification of handover parameters will not solve the observed problems.

Figure 1 shows an example for an assumed deployment based on three cells A, B and C represented by their respective eNBs. The coverage areas of these cells overlap in certain regions and a coverage hole of one of these cells (cell served by eNB B) may be caused by a topological environment, e.g. shadowed by a mountain or a big building. Coverage holes can exist in real deployments even after an extensive planning phase where a radio access network is optimised in terms of radio conditions.
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Fig. 1:
Scenario with coverage hole for cell B (dark red area)
It is considered that a UE moves from eNB A towards eNB B and performs a successful handover with eNB B (as the handover procedure occur between the eNBs of the cells, the term “eNB” is also used in the sense of “cells” where needed in this document). However, just after the successful handover indicated by eNB B towards eNB A the UE falls into the coverage hole of eNB B and faces a Radio Link Failure (RLF). Such RLFs can be learned by eNB B, e.g. by setting an implementation specific timer. After the RLF and after going through the standard procedure, the UE connects itself to eNB C. If eNB B learns that it has a coverage hole near the border of eNB A and UEs coming from there face always or in most cases RLFs, it should reject handover requests arising from eNB A for this border location.

However, there is no border location information available when a UE is handed over from eNB A towards eNB B. Therefore, this would not be a perfect solution as the coverage hole does not affect the complete common border area of eNB B with eNB A as shown in figure 1. UEs coming from the other parts of the cell border between eNB A and eNB B do not face such problems. Hence if location based border information is exchanged between the eNB A and eNB B during the handover, eNB B can decide on the basis of an implemented self-learning algorithm to reject specific handover requests coming from eNB A.

In the example scenario shown in figure 1, the border location can be differentiated if the handover preparation request received by eNB B contains information about eNB C as the second strongest cell. The eNB B can analyse by using an implemented self-learning algorithm that the handovers coming from eNB A with eNB C as the second strongest cell mostly face RLFs. Thus if eNB A sends handover preparation requests to eNB B for the UEs which include eNB C as the second strongest cell, eNB B will reject those handovers. If eNB A prepares handover for the UEs which do not include eNB C as second strongest cell, eNB B will accept those handovers.

Moreover eNB A can also learn from the feedbacks of eNB B. When eNB A receives a measurement report for a handover towards eNB B including cell B as handover candidate and cell C as the second strongest cell, eNB A can detect the problem and sends a handover preparation request directly to eNB C instead of eNB B.

Multiple preparations of neighbour cells cannot avoid RLFs for the scenario depicted in figure 1, because eNB A will indicate a successful handover after reception of the “UE context release” message from eNB B which may immediately trigger a “HO Cancel” message towards eNB C. In this case only the signalling load will be increased without any performance improvement.
Location based information during handover preparation and the corresponding feedbacks transmitted between two eNBs can also be used for other scenarios which are very common in typical urban deployments. For example for the avoidance of short visit times caused by UEs moving through a hot spot or a small transit area of a cell as shown in figure 2.
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Fig. 2: Scenario with small transit cell
A part of the coverage area of eNB A, eNB B and eNB C overlaps in such a way that eNB C appears to be strongest for a very small region in this overlap region. It is considered that a UE moves from eNB A in the direction of eNB B and pass through this overlap area. The UE will perform handover from eNB A to eNB C and then from eNB C to eNB B. However, the visit time of the UE in eNB C is very short. Just after the UE is served by eNB C a successive handover to eNB B is necessary. If eNB A prepares the handover to eNB C with the additional information of eNB B as the second strongest cell, eNB C can learn this situation and can reject the handovers. Later on with an implemented self-learning algorithm in the source eNB A which has analysed the received feedbacks from the target eNB C in combination with UE measurement reports, the source eNB A is able to decide directly on handovers towards another suitable neighbour eNB B for UEs moving into that specific region.
The inclusion of only “UE History Information” in the “HO Request” message cannot avoid such problems, because location based information are not included which are necessary for a differentiation according to border locations. Information is only provided about cell specific parameters and visit times.
This example shows again that specific cell border location information is needed to differentiate on handover preparation requests received by a target cell. Therefore, it is proposed to include location information in the “Handover Request” message, e.g. as part of the “UE History Information” IE. Alternatives for location based information which could be included are cell identity parameters and reported signal strength of other available candidate cells in terms of cell identifier and reported RSRP or RSRQ values, respectively, a ranking of available strongest neighbour cells, the adjusted beamforming parameters from source cell, e.g. in terms of angles, or approaching UE coordinates based on GNSS data, if available. It is proposed to transmit cell identifiers and the corresponding signal strength of neighbour cells, because these parameters will also be reported by UEs, i.e. this a very simple and satisfying solution. The transmission of reported candidate neighbour cells can be based on all detected neighbour cells or at least on such neighbour cells for which a certain threshold has been reached, i.e. on the basis of strongest cells.
An improved solution can be achieved when the source eNB receives a qualitative feedback from the target cell, i.e. when the target cell includes in the handover preparation failure message (alternatively it could be in the response message) a cause value, e.g. “handover recommended to another neighbor cell” and even better also an indication which candidate cell should be better selected (recommended) for the handover when it can e.g. by indicating the corresponding cell identifier. Then the source eNB can directly request a handover towards the cell recommended by the rejecting target eNB for the next occurrences.
3
Conclusion
The radio conditions in the overlap area of neighbour cells may differ at different locations at the border area. It may be suitable to handover a UE from one cell to another at one location of the border area whereas it may be unsuitable at another location of the same border area. 
In order to detect problematic handover locations at the border area of neighbour cells, eNBs which are involved in handover procedures of UEs can transmit border location based information within the “Handover Request” messages. 
This information can include the cell identifiers of reported candidate neighbour cells and their measured signal strength in terms of RSRP or RSRQ which should be based on such neighbour cells for which a certain threshold has been reached, i.e. on the basis of strongest cells.

When the target eNB has detected repetitive problems in handovers at a specific cell border location, it can signal them back in the reply message “Handover Preparation Failure” (could be “Handover Preparation Acknowledge”) through a new cause value “handover recommended to another neighbour cell” together with the identifier of one alternative recommended cell when possible.  

Based on this information the source eNB will also be able to decide on suitable following handovers.
Proposal 1:

Alcatel-Lucent will prepare text proposals for TS 36.413 and TS 36.423, if RAN WG3 agrees on the proposed enhancements.

The CRs are ready in tdocs R3-091296, 1297, 1298, 1299. 
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