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Discussion and decision
1 Introduction

In this contribution, we would like to discuss cell identification of home NodeBs (HNBs). We first review previous proposals discussed about cell identification for UTRA in 3GPP, and propose a scheme to identify a cell at the physical layer.
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Figure 1. An example of cell reselection
In 3GPP, HNBs would be deployed with macro NBs in a mixed manner, i.e. macro NBs and HNBs share the frequency. In the scenario, when a UE goes through an HNB area, as shown in Figure 1, even though the HNBs are not CSGs of the UE, the UE shall decode all signals from macro and home NBs, and decide the reselection of the NBs. The redundant decoding causes more energy consumption and throughput degradation as stated in [TR 25.820]. Hence, the methods to identify NBs have been extensively discussed in 3GPP as below.
1. Option A: CSG cell identification based on a CSG cell specific physical cell identity space
2. Option B: CSG cell identification based on a CSG cell specific frequency layer
3. Option C: CSG cell identification based on a CSG cell flag in NCL. [R2-082206]
In option A, the specific physical cell identity space with PCI space extension may affect the physical layer standardization so that UTRA cannot support this proposal. At RAN2 #62, the 3GPP agreed to reserve PCIs of CSG cells for UTRA without PCI extension. If the reservation is implemented by hard coding at CSG UEs, the legacy UEs, which do not understand the classification, shall still decode every signal to obtain system information and identify the cell. Therefore, a scheme that does not affect legacy UEs is necessary to discuss.
Option B suggests classification of frequency layers according to NB types and naturally provides more available PCIs by the number of frequency bands. However, this option requests dedicated frequencies for CSG cells, which some operators cannot support.
Option C has been proposed to use the neighbour cell list (NCL) broadcasted by macro cells. The new NCL configuration includes cell types such as “macro” and “home” so that UEs are able to identify cells and act according to the cell types. The limited NCL space cannot contain all home NBs, and legacy UEs may not interpret the new field for the cell type.
In this contribution, we would like to propose an NCL operation scheme complying with existent specification to identify cells. The acquisition of a CSG cell among HNBs is beyond the scope of this contribution so that it leaves for further study. We here discuss only cell identification at the physical layer.
2 Discussion
The objective of a new scheme is that CSG UEs can identify cells (macro or home) at the physical layer without any impact on legacy UEs’ operation. In other words, under the CSG cell deployment, the desired UE operation according to UE type is:
1. Legacy UE (or non-CSG UE): a legacy UE looks up and camp on only macro NBs, i.e. there is no impact of CSG deployment on legacy UEs.
2. CSG UE: a CSG UE identifies whether the new NB is a macro NB or a home NB at the physical layer, when the CSG UE receives a signal from a new NB.
To support the above desired UE operations, we propose a cell identification scheme using NCL as below:
Proposal: Macro and CSG cells broadcast NCL containing only macro cells.  A CSG UE recognizes an NB as a macro NB, if its PCI belongs to NCL. Otherwise, an HNB.
A legacy UE decodes and camps on cells only in NCL, and ignores signals from cells out of NCL, as it works. A non-CSG UE, which has no entry in a white list, will operate the same as a legacy UE.
A CSG UE recognizes a cell in a NCL received from a macro cell as a macro NB, otherwise an HNB.

Advantages: Our proposal has advantages as follows:

1. CSG UEs can readily identify NBs and HNBs without any change of physical and MAC layer standards.

2. HNB deployment does not affect a legacy UE operation.
3. Non-CSG UEs can operate the same as a legacy UE.

4. NBs need to broadcast the limited number of cells in the list.

5. Operators can flexibly classify PCIs for macro and for CSG according to their requirements. 
3 Conclusion
In this contribution, we have proposed a scheme to identify cells at the physical layer. Our proposal does not require a change in the specification and support a legacy UE. 
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