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Introduction

The requirement for an automated configuration of the physical cell identity is captured in [1], and [2] was providing a possible approach to the case. Furhter in RAN3 #59bis in Shenzhen documents [3, 4] discussed the problematics of the Automated Configuration of Physical Cell Identity. The discussion continued further in the RAN3#60 in Kansas City with Tdocs [5, 6].
This document is a continuation to the earlier RAN3 discussions and presents a frame-work in which the detailed solutions for Physical Cell Identity (PCI) autoconfiguration can be developed and implemented. The proposed frame-work takes into account the clear message of the Kansas City meeting where RAN internal solutions were to be considered, but does not preclude the possibility for more conventional planning/autoconfiguration tool based approach over the Itf-N interface.
The document further acknowledged the fact that uncoordinated and plentiful HeNB/CSG deployment may cause PCI confusion in the overlaying macro network and tackling this problem may require special solution. The problem may however be isolated as the CSG cells can be expected to be identified as such by PCI [7, 8].
The already captured requirements in [1] for PCI autogonfiguration are:

1. “collision-free”: the Physical Cell ID is unique in the area that the cell covers

2. “confusion-free”: a cell shall not have neighbouring cells with identical Physical Cell ID
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Discussion

2.1
Home eNBs and Requirement for Confusion Free PCI
Document [5] presented a problem for meeting confusion free requirement for CSG cells as due to their small size there simply may be more CSG cells under one macro cell than there are physical cell IDs. The document proposed amending the requirement for confusion free deployment to only apply to macro cells.

Assuming that the UE can identify a CSG cell based on PCI [7, 8] and the UE inbound mobility to the CSG cell can always be based on first decoding the GCI of the CSG cell, the proposed amendment of [5] seems reasonable for CSG cells. 
It is proposed to allow confusion of CSG PCIs, as proposed in [5] for non-macro cells:
If Requirement #2 cannot be satisfied, a macro cell may have neighboring non-macro cells with identical Physical Cell ID, but a non-macro cell shall not have neighboring cells with identical Physical Cell ID

The proposed requirement (requirement 3 in [5]) may need to be revised to apply specifically to CSG cells only rather than applying to ‘non-macro cells’.
2.2
PCI allocation for Home eNBs
The location of Home eNB may be completely unknown to the network operator. Thus traditional network planning solutions are out of the question. As long as the coverage area of the Home eNB can be assumed to be small, a random PCI solution could be expected to work reasonably well as long as collisions to macro network are avoided. This would very roughly correspond to non-planned WLAN access point deployment where there may be a multitude of access points adjacent to each other using the same frequency channel.
The PCI selection can further be enhanced with a scanning mechanism helping to detect PCIs used in the vicinity of the new HeNB as for a small cell the base station antenna location can be considered to reasonably well represent the radio conditions of the whole cell area. Still maintaining a completely separated PCI spaces for HeNBs and macro cells would work as a very good safety mechanism for future macro network expansions at least if we assume that the managed macro network may not know which PCIs are actually used, not to mention where they are used by HeNBs. It is further good to note that if the UE can identify a CSG cell based on the PCI then also the eNB can detect this from the PCI reports it is receiving from the UE.
The PCI space for CSG and macro cells should be separatable [7, 8]
From standard perspective this would require 3GPP to provide tools for such a separation and specifically enabling the UE to detect the CSG cell based on PCI only.
2.3 
PCI allocation for Macro eNBs
The problematics of the PCI allocation were discussed in RAN3#60 and the document [6] showed why random PCI selection or scanning based solutions are not sufficient for macro cells. It further proposed a geolocation based PCI allocation mechanism as well as allowing a central function control over PCIs of the macro network.
The further discussion in RAN3#60 called for distributed RAN based solutions for PCI allocation rather than relying on central function managing the PCIs of the macro network. No universally working distributed solutions have been presented, but a solution working for addition of a site to an already operating network was presented e.g. in [3]. Thus it appears that the standard should allow for both distributed (strong demand, but no universally working solutions) and centralized solutions.
A simple solution for initial PCI selection when adding a new site to an already running network would be a random initial PCI selection, building of neighbour relations and later, if needed, reselecting a new PCI for the new cell. The random selection can be helped if a small set of PCIs is set a side for new site deployments, but this is not necessarily a standard specific thing as is noted in [4]. Furhter, if we can assume that the central function is aware of the locations and PCIs of macro cells, it can have further control over the PCIs of the radio network. The problematics and reference architecture is discussed in an NSN SA5 contribution [9] presented in SA5 meeting#60 in July 2008.
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Conclusion and Proposal

The discussion in this document highlights the different problematics of the PCI allocation for CSG cells and for the managed macro network cells. 

Following proposals/discussion points are made:

· Separate the CSG and non-CSG cell types in the PCI level as indicated in [7, 8]. 

· Leave the solutions for the CSG cell PCI allocation to the vendors of CSG eNBs

· Leave the solutions for the non-CSG (macro) cell PCI allocation to the vendors of non-CSG eNBs

· Provide support for distributed PCI allocation in the RAN3 specifications

· Not to preclude centralized PCI management for the macro network, the actual standardisation of which would be under the scope of SA5.
The main problem to answer is then what is needed in order to provide support for distributed PCI allocation in the RAN3 specifications; at minimum this would require providing means for an eNode B to indicate its neighbours and potentially neighbours neighbours of a changed PCI. The change of a PCI can be reported to the neighbours as a cell configuration change, which is already supported with X2AP: eNB Configuration Update procedure.
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