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1 Introduction
ANR is one of the first SON features defined by 3GPP. Via ANR, an LTE cell can automatically create and maintain its neighbour relations, releasing the operator from the tedious task to this manually. The eNB can resolve its own neighbours with the help of ANR measurements performed by UEs which are dwelling in its service area. With the neighbour cell information provided by the UEs, the eNB can contact these newly detected cells whenever needed, e.g. for initiating a handover procedure
Yet, even ANR is not for free: ANR measurements require considerable effort, mainly on the UE side (but also at RAN side), in terms of time, signalling and resource scheduling complexity. The UE will have to perform time and battery consuming measurements which can likely impact the quality of its running services. Finally, not all UEs are capable to perform ANR measurements.
On the other hand, often, the information needed by the eNB to contact a neighbour cell could be easily conveyed over the X2 interface enhancing the relevant X2 messages, without the need for the UEs to do ANR measurements.

2 Discussion

Neighbour cell information provided by a UE after ANR measurements includes the Global Cell Identity (ECGI) and other address information, e.g. the Tracking Area Code (TAC) for LTE cells, needed by the serving eNB for contacting the peer ([1]).

Across the X2 interface, peer eNBs exchange respective configuration information, via X2: SETUP REQUEST/SETUP RESPONSE and X2: eNB CONFIGURATION UPDATE messages ([2]). In particular, with these messages, the respective lists of served and LTE neighbour cells are exchanged. Yet, so far, only the served cells are fully identified with the TAC. The reason for that is that neighbours’ neighbour lists were initially provided for PCI resolution purposes only. 
Let’s now assume a network scenario like the one depicted in Figure -1: 
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Figure 1 – Example of LTE network topology

An LTE network is up and running and eNB-A0 has found a neighbour cell “Cell1_1” and was able to connect over X2 with peer node “eNB-A1”. eNB-A0 served cells are Cell0_1 and Cell0_2; eNB-A1 served cells are Cell1_1 and Cell1_2. Besides, Cell2_1 and Cell2_2, handled by eNB-A2, are neighbour cells known to eNB-A1 yet they are so far unknown to eNB-A0. eNB-A0 and eNB-A1 exchanged their respective serving and neighbour cell lists over the X2 interface.

Following use cases may happen:
Use case #1):

A UE enters eNB-A0 and reports Cell2_1 (i.e. the respective PCI and carrier frequency) as candidate target for a handover.
Even though eNB-A0 knows Cell2_1, it cannot send the appropriate S1: HANDOVER REQUIRED message due to missing TAC. If Cell2_1 is the only valid handover candidate for the UE, the call will be likely dropped.

Use case#2):

A new neighbour cell, e.g. Cell3_1 in eNB-A3, is acquired (e.g. from O&M or from ANR UE measurements) by eNB-A1:
eNB-A1 communicates the newly acquired neighbour via X2: eNB CONFIGURATION UPDATE message, still without TAC. If a UE connected with eNB-A0 reports Cell3_1 as the only valid candidate for handover, eNB-A0 cannot send the appropriate Handover message to the target and the call will be likely dropped.
In both cases, if the TAC of the neighbour cells would have been communicated over X2, eNB-A0 could have initiated the handover and likely successfully transferred the UE to the appropriate target. Of course this requires that no PCI confusion exists in the surrounding of the involved eNBs, yet this would have been sorted out at the moment the cell identifiers would be exchanged initially, much before the UE reports the new target.
It should be also observed that eNB-A0 does not have to (and probably should not) connect immediately to eNB-A1 or eNB-B1, as soon as their respective cells are communicated over X2; this can be done after the UE has been successfully handed over to the respective cell or after it reports that cell as a target, i.e. after having confirmation that this is a valid neighbour. 

Probability according which the above use cases happen depends on the radio deployment, being normally higher in high density/urban areas, and on how much ANR is used: the more the network is auto-configurable, the higher the probability that a neighbour common to two cells be detected at different point in time in one of these cells.
3 Conclusions and proposal
In this paper the benefits of adding the TAC to the neighbour cells communicated over the X2 interface have been discussed. It has been shown that adding the TAC can often save a call and minimize the efforts coming from ANR measurements.

Proposal how such enhancement can be realised is presented in the attached CR [3].
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