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1
Introduction
At RAN3#63bis, the difference between candidate neighbours and direct neighbours was discussed in [1], leading to the clarification of direct neighbours in the current X2 Setup and eNB Configuration Update procedures.
This paper analyses further the consequence of this clarification and shows that the current signalling is not enough for efficient PCI avoidance.

2
Description
As was explained in [1], there are different types of possible neighbours:

a)
reported by UEs;

b)
reported over  the X2 interface by neighboring eNBs; and/or

c)
acquired through other implementation dependent methods, e.g. heard over the air using a downlink receiver.
d/ reported by O&M.
At RAN3#63bis the following clarification was brought with regards to what is expected to be reported in the X2 SETUP RESPONSE message:

The candidate eNB may also include the Neighbour Information IE in the X2 SETUP RESPONSE message. The Neighbour Information IE shall only include E-UTRAN cells that are direct neighbours of cells in the reporting eNB. A direct neighbour of one cell of eNB2 may be any cell belonging to an eNB that is a neighbour of that eNB2 cell e.g. even if the cell has not been reported by a UE.  

Basically this means two things:

· a cell reported in the Neighbour Information IE can be of any of the four types a/, b/, c/, d/ defined above i.e. not necessarily a cell that has been reported via a UE,
· it is implementation dependent for eNB B what i.e. which types it wants to include in the Neighbour Information IE .
The second aspect is bad for interoperability: it means that one eNB B from one vendor V may decide to include only type a/ neighbours whereas one eNB B from another vendor V’ may decide to include all four types a/, b/ and/or c/ and/or d/.
Also when eNB A receives this information it has currently no means to discriminate between these two behaviours of eNB B and what type of direct neighbours it exactly receives. 
This is however very inefficient for the PCI distributed algorithm.
Taking the example of [2] again with macro eNBs comprised of 6 cells with each 15 neighbours thus making a cluster of 6*15=90 cells. If an eNB B reports to eNB A as direct neighbours all types of neighbours, the Neighbour Information IE corresponding to each eNB B cell may contain up to 90 cells. 
In an hexagonal model with eNB A exchanging X2 Setup Response with 6 neighbour eNB Bs, eNB A will thus be overflowded with potentially 90*6=540 PCI values reported as “direct neighbours of direct neighbours”.

Given that the PCI range is 504 and could even be halved (because of femtos) down to 250 values, one can see that 540 >> 250 which means that it is likely that eNB A cannot take much benefit of all received Neighbour Information IE information for PCI confusion avoidance.
However among all those neighbours, most of them are not relevant because not immediate neighbour of an immediate neighbour which is the most important factor for PCI confusion detection and avoidance.

It is therefore necessary that eNB A can at least discriminate among all those reported so-called “direct neighbours” the ones which are really candidate for confusion detection and avoidance i.e. the real immediate neighbour of immediate neighbours.
One factor to help can simply be that eNB B indicate in the Neighbour Information IE also the type of the reported direct neighbour by a new information element “type of report” therefore allowing eNB A to get information on the type of report(s) that apply for each neighbour. A bitmap is proposed as multiple report types among type a/, type b/, type c/ or type d/ can potentially apply to a given neighbour. 
3
Conclusion
This paper has shown the shortcomings of the current encoding of the Neighbour Information IE in the X2 Setup Response/eNB Configuration Update message whereby it is eNB B implementation dependent what type of direct neighbours it reports (a/, b/ c/ or d/) to eNB A making this knowledge little efficient for eNB A .

Simple examples have shown that this brings strong limitations to the efficiency of the PCI confusion avoidance.

It is proposed to solve the problem by adding a simple “type of report” bitmap IE for each direct neighbour cell to indicate which type of reports apply to it and allowing to differentiate between  reports of type a/, type b/, type c/ or type d/.

The corresponding CR is in tdoc R3-092395.
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