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1. Introduction

Rel.8 specifies a PCI split between CSG cells and non CSG cells. RAN3 identified [1] at last meeting that hybrid cells should be able to operate in a PCI range different from macro-cells. Such a PCI split is under discussion in RAN2.
This contribution aims at extending the rational and clarifying that PCI split is related to eNB type – i.e. macro or femto eNB – in addition to cell access mode.

2. Discussion
PCI split is used for several reasons which are described hereafter.

1) NodeB identification
LTE specifications define two types of eNodeB. They are identified by an eNodeB Id which is composed of 20 bits for Macro eNBs and of 28 bits for Home eNBs.

To be able to manage its neighbourhood and to execute handovers to a neighbouring cell, an eNB has to identify the neighbouring eNB's nature and has to extract from a global cell id (CGI) the part corresponding to the eNB ID. This can be done by two different methods:

1) The eNB is aware of a PCI split between Macro eNBs and HeNBs,
2) The CGI coding includes an indication of node's nature.
Option (2) was proposed in [2] but not accepted for Rel.8. In Rel., it is assumed that:

a) PCI range is split between macro-eNBs and HeNBs,
b) eNBs are configured through O&M with the PCI split.
Indeed, PCI split is independent from open/hybrid/closed access modes.
2) PCI collision avoidance
It shall be avoided to have two neighbouring cells configured with the same PCI; otherwise UEs will not be able to discriminate among them. Standard has defined SON procedures allowing PCI coordination among eNBs without the need of a complete planning. However coordination with HeNBs is more problematic than with macro eNBs. Radio scanning may not be sufficient to guarantee collision-less deployment, and it is not clear whether HeNBs will have functionality to avoid PCI collision in their auto configuration process.
Indeed, a PCI range should be reserved to cells that could cause PCI collision and this PCI split is related to eNB's deployment and not to cell access mode. 
3) PCI confusion resolution
Because of the limited number of PCI values, if we consider a dense deployment of small cells in overlay of a large one, PCI collision between two adjacent small cells can be avoided with several techniques (planning, radio scanning, SON functions), however PCI re-use among small cells can't be avoided leading, to the so-called PCI confusion.
The issue was taken into consideration for closed cells in Rel.8, then more recently for hybrid cells [LS RAN3]. 
 PCI confusion is not related to the cell access mode but to its size and deployment density. Indeed, in a scenario where opened HeNBs are deployed with a high density, for indoor coverage extension in public areas for example, PCI confusion will happen.

To solve the PCI confusion, a solution is that eNBs disambiguate the target cell by acquiring the CGI in addition to PCI from measurement reports. This implies UEs read system information on neighbouring cells, which could lead to delay, battery consumption and the need of gaps in resource scheduling.
PCI split could help UEs to distinguish between femto cells and macro-cells, so as to autonomously read System Information Block (SIB) for femto-cells only. Indeed, this PCI split is related to the cell size and not to its access mode.

4) Cell access mode

Idle UEs should not camp on cells they have no access to. In active mode, handovers to cells a UE will be rejected because of CSG consideration should be avoided. Moreover, a UE should preferentially be served by a CSG cell it has access to if any.

Indeed, a UE shall take into account CSG information in its cell-reselection algorithm. To minimise signalling, a UE can in addition filter measurements and indicates to eNBs cells it has access to. To do this, a UE shall read the CSG parameter located in cell's SIB.

Different methods have been proposed to prevent UE from reading the SIB of all neighbouring cells:
- The use of fingerprints,
- PCI split between CSG cells and non-CSG cells broadcasted by eNBs.
As some cells can be hybrid, there is an on-going discussion in RAN2 on whether PCI split shall include hybrid cells or not.
In scenarios where a (CSG capable) UE receives signals from many cells with access restriction, it will have to read many CSG IDs to try finding a preferential access. Benefit for being able to distinguish cells with restricted access from opened cells from the PCI may be limited.

Conversely, in scenarios where opened cells are the majority, a UE would have to read the CSG Id for a limited number of cells if access mode is indicated in the PCI.

Summary and possible options
Rel.8 specifications are consistent since we overlapped two different notions, eNB's nature and cell access mode. We assumed to have either macro-eNBs with unrestricted cell access (opened cells), or HeNBs offering a closed (CSG) access.

With the introduction in Rel.9 of opened and hybrid cells, it is no more possible to keep on the same assumptions. Moreover, it could be interesting not to limit CSG-based access restriction to HeNBs.

It has been clarified in the first part of this contribution that PCI split can be related to eNB's nature and/or access restriction.
If we want UEs help resolving PCI confusion, they have to be aware of eNB's nature from PCI. If we want UEs to be able to filter CSG reading, they have to be aware of access restriction from PCI.
Option 1: PCI split for hybrid and closed cell is broadcasted, UEs are not aware of cell's nature.
 eNBs may be configured with a macro/femto PCI split for PCI collision avoidance and node identification purposes.

Consequences:
- UEs can't help resolving PCI confusion in case of open femto-cells

- UEs will consider macro-cells with access restriction as femto-cells and will un-necessary read CGI information.

Option 2: macro/femto eNB's PCI split is broadcasted, in addition to information relative to access restrictions.
With this option, UEs can help solving PCI confusion in all scenarios.
3. Conclusion 
PCI split is helpful for several reasons: NodeB identification, PCI collision avoidance, PCI confusion resolution or access restriction.

PCI confusion will be unavoidable in dense femto-cells deployment, independently from cell access restriction, i.e. it could happen for close, hybrid or opened femto-cells.
For UEs being able to help solving PCI confusion in all scenarios, we propose option 2) described above, i.e. we propose eNBs could broadcast a PCI range reserved to femto-cells.
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