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PSC/PCI Split for Hybrid Cells
1. Introduction
A PSC/PCI split for hybrid cells was proposed in [1] motivated by the possibility of PSC/PCI confusion. However it should be clear that the PSC/PCI split of hybrid cells is not a remedy to the issue of PSC/PCI confusion itself (assuming this really is an issue). Note also that discussions are taking place in RAN3 at the time of writing [3].
The need for a PSC/PCI split for hybrid cells is discussed below, from both the network and the mobile station perspectives. It should be noted that in RAN, the PSC/PCI split of hybrid cells is locally known in the access network but is not signalled to the mobile station, as a procedure exists for the network to request the routing parameters of a cell after that cell is reported by the mobile station. A proposal for introducing such procedure in GERAN was not accepted. 
It is also important to understand the differences with the PSC/PCI Split for CSG cells.

2. Discussion
2.1 PSC/PCI split of CSG cells

The PSC/PCI split of CSG cells was introduced in particular to prevent reporting of [E-UTRAN] CSG cells by (Rel-8+) non-CSG capable mobile stations. When a split is allocated, the macro cells’ and CSG cells’ respective PSC/PCI ranges are mutually exclusive. As a side effect the split also allows the identification of a CSG cell from its physical layer parameters alone.
Given hybrid cells are to be accessible by all mobile stations, a PSC/PCI split, if needed, cannot be a means to prevent reporting of (undetected) hybrid cells. The PSC/PCI of hybrid cells belongs to the macro PSC/PCI range whether or not a split exists. However it should be clear that if a PSC/PCI split is used for hybrid cells, no macro cell [that is not a hybrid cell] would use any PSC/PCI within the hybrid cell’s PSC/PCI range, and likewise no hybrid cell would use a PSC/PCI outside that range.
2.2 Network side
The format of the eNodeB ID varies as a function of the cell being a macro cell or a home cell (20bits vs. 28bits), see 3GPP TS 36.413. For home cells, a one-to-one relationship exists between the cell identity and the Home eNodeB ID: a Home eNode B serves a single cell (and vice-versa).

This suggests a need for the BSS, in cases of handover, to know whether a reported cell is served by a HeNB or not i.e. whether it is a CSG cell or a [Home] Hybrid cell, or not. The BSS must indeed be able to extract from the Cell Identity, when reported, the Macro/Home eNodeB ID for inclusion in handover signalling. While a PSC/PCI split for [all] hybrid cells would not help, a PSC/PCI split that would isolate home hybrid cells from macro hybrid cells, or alternatively a Cell Identity split would allow the BSS to extract the correct eNodeB ID. 
Given this issue only arises upon reporting of the Cell Identity, and given a BSS must be able to handover a mobile station to a hybrid cell while only having the physical layer parameters at hand
 it seems more appropriate that a Cell Identity split be considered as opposed to a PSC/PCI split for [home] hybrid cells. 
Note that a BSS must in any case have the ability to handover a mobile station to a hybrid cell on the neighbour cell list (or not blacklisted) on the basis of the reported physical layer parameters alone (and some internal mapping) in any case.
2.3 Mobile station side
Given the essential difference between the CSG cells’ split and the Hybrid cells’ split described in §2.1, the only potential benefit of a PSC/PCI split for hybrid cells remains the ability it provides to detect a hybrid cell from its physical layer parameters alone which could serve as a potential condition to trigger MIB/SIB reading of the cell (so as to identify its CSG ID) or indeed to avoid MIB/SIB reading of macro cells altogether. 

2.3.1 Autonomous reselection (and PCCO)
As agreed at GERAN#47, the reselection rules to detected hybrid cells of which the CSG ID is on a mobile station’s “CSG Whitelist” follow those to CSG cells. 
Within a fingerprint area, and depending on its accuracy, the added value of a PSC/PCI split of hybrid cells is debatable. With a fine accuracy, the split is not useful. With a gross accuracy the assistance it provides may be relevant as it would increase the chances of detecting a hybrid cell with matching CSG ID while minimizing the negative impact on battery consumption. However the likelihood of a rather inaccurate fingerprint mechanism is low.
Outside a fingerprint area it is speculative whether an implementation would search for CSG or Hybrid cells (with matching CSG ID). The PSC/PCI split of hybrid cells could help increase the chances of detecting non-fingerprinted cells with a matching CSG ID, but it would not anyway enable reselection to hybrid cells which is by definition not prevented. Hence, the benefit of the PSC/PCI split in this case is only tied to the fingerprinting mechanism used which is implementation specific. 
2.3.2 Handover

MIB/SIB reading is implementation dependent and is obviously much less likely to occur in connected mode than in idle mode. 
Within a fingerprint area, like above, the usefulness of the PSC/PCI split of hybrid cells is debatable.
Outside a fingerprint area, like above, the PSC/PCI split of hybrid cells would not enable handover to hybrid cells (detected as such or not).
2.4 Further considerations: signalling impact 
The introduction of a PSC/PCI split for hybrid cells would require changes to the System Information Type 2quater, Measurement Information and Packet Measurement Order messages (and the corresponding procedural descriptions). This should be carefully considered in evaluating whether such a split is justified or not on the radio interface.
3. Conclusions

Potential benefits of having a PSC/PCI split for hybrid cells signalled to mobile stations are identified in this contribution, but no compelling need stands out. Also whether such a split could be useful or not is pretty much depending on MS implementations. In addition, it should be noted that it could also be detrimental to some implementations (ref. fingerprinting mechanism) while the signalling affects all mobiles. Thus it is proposed that no PSC/PCI split for hybrid cells be introduced in the GERAN radio protocol specifications. 
Whether a PSC/PCI split distinguishing macro hybrid cells from home hybrid cells or a Cell Identity split is necessary in the BSS is to be discussed.
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� If this hybrid cell is “on” the neighbor listed (or not blacklisted).
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