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Signalling of PSC/PCI split for CSG in GERAN

1 Introduction
At GERAN2#40bis, the mobility between GERAN and CSG cells has been discussed, and a set of working assumptions has been agreed [1]. In particular, assumption WA4 allows the possibility to signal in the GERAN system information details of the range of Primary Scrambling Codes (PSCs) for UTRAN frequencies and Physical layer Cell Identities (PCIs) for E-UTRAN frequencies reserved for CSG cells. However, this assumption is not in line with how the procedures are defined in the other RATs.
2 Behaviour in UTRAN and E-UTRAN
In UTRAN and E-UTRAN, a cell on a particular frequency broadcasts PSC/PCI split information only for that frequency. For example, TS 25.367 [2] states for UTRAN CSGs:

On the mixed carrier frequency shared by both non-CSG cells (UMTS macro cells) and CSG cells, all CSG cells broadcast in system information the PSC range reserved by the network for CSG cells. The non-CSG cells may also broadcast the reserved PSC range. The reserved PSC range is only applicable to the UARFCN within the PLMN where the UE received this information. The UE considers the last received reserved PSC range to be valid within the entire PLMN for the duration of 24 hours. The UE may use the reserved PSC information for CSG cell search and (re)selection purposes, according to UE’s implementation.
Similar conditions apply in E-UTRAN (see subclause 10.5.1 of TS 36.300 [3]). In other words, the mobile reads the information from a UTRAN or E-UTRAN frequency and stores this information for 24 hours. A cell on a particular frequency does not broadcast PSC/PCI split information for other UTRAN or E-UTRAN frequencies. In particular, this information is only given on the shared macro/CSG frequency layer, not on a macro only layer.
This mechanism could be relied upon also when the mobile is camping on GERAN. If the mobile has read that information from UTRAN or E-UTRAN cells and stored it
, it can use it to optimise the measurement and cell re-selection procedures while in GERAN. Therefore, signalling of PSC/PSC split information in GERAN is not strictly necessary, and whether this option is allowed requires some careful consideration.
3 Discussion of GERAN options
In this section, advantages and disadvantages of signalling PSC/PCI split in GERAN are discussed.

In (packet) idle mode, the split information allows mobiles in GERAN with no “Allowed CSG list” or an empty “Allowed CSG list” to ignore CSG cells without having to read the UTRAN/E-UTRAN system information. Without this information, there is a risk that an MS not allowed to access CSG cells will consider a CSG cell as a candidate for reselection; if it cannot camp on it, that MS is not allowed to reselect to any cell on that frequency for 20 minutes.
In dedicated mode or packet transfer mode, this information allows terminals with no “Allowed CSG list” or an empty “Allowed CSG list” to avoid measuring and reporting CSG cells (this is similar to blacklisting of cells); this is especially useful given that the number of possible simultaneous measurements of E-UTRAN cells is restricted. Also, as there is limited space in the measurement reports for E-UTRAN and 3G cells, and it would be useful to avoid having this space taken by cells that the MS cannot be handed over to, as this could impact non-CSG UTRAN/E-UTRAN cell reselection /handover. A further risk is that the MS may be handed over to a CSG cell that it cannot access (e.g. if the GERAN network is not aware which neighbour cells are CSG cells
). 
If it can be guaranteed that the mobile has read the split information from UTRAN/E-UTRAN macro cell then providing this information in GERAN is not needed. Given that a terminal needs to search for the PSC/PCI split information only every 24h, it could be argued that reading the information from the UTRAN/E-UTRAN frequencies has a very low impact on the terminal’s battery consumption. However, if the split is not signalled in GERAN, a Rel-8 mobile may need to read and store this information even if it does not support CSG, in order to avoid the problems described above. So there could be an impact of the CSG feature also for mobiles not supporting this feature, which should be avoided.
The main disadvantage is the system information resources required to transmit this information. Given that potentially this may need to be provided for every neighbour UTRAN and E-UTRAN frequency, this could result in a significant amount of information. However, a likely case is where only a single shared frequency is present. As the split only needs to be broadcast for shared frequencies, in this case about 10-20 bits may be sufficient.
It is worth noting again that the signalling of PSC/PCI split by the network is optional.
4 Signalling of other CSG related information

In UTRAN, it is possible to broadcast information about UTRAN frequencies that are dedicated CSG frequencies, i.e. frequencies where no macro cells can be found. It has been proposed to allow this possibility also in GERAN (see WA7 in [1]).
Regarding E-UTRAN dedicated CSG frequencies, currently RAN2 has agreed that these should not be signalled in E-UTRAN system information (although the possibility to signal them in GERAN has been mentioned in [1], see WA10). Recently some contributions have been submitted to RAN2 (see [4], [5]) proposing to allow this possibility. In particular, it has been proposed that whenever EARFCNs/UARFCNs used for CSG-only deployment are indicated in the system information, the mobile is allowed to limit its CSG search activities to frequencies that are present in system information, thus making the autonomous search for CSG cells more efficient for the mobile. A corresponding proposal for the UTRAN can be found in [6]. However, to the knowledge of the authors, this proposal has not been accepted by RAN2 for Rel-8.
5 Conclusions
In this contribution, the advantages and disadvantages of signalling in GERAN information about the PSC/PCI split for UTRAN and E-UTRAN frequencies have been presented. The optional presence of PSC (UTRAN) / PCI (EUTRAN) split can provide some benefits as described in the paper, to the expense of system information capacity. While the sourcing companies believe that aligning with RAN on this matter is not necessary if it yields justified benefits in GERAN, the introduction of this split information should be motivated by operators’ feedback.
The Change Requests in [7] and [8] assume that the option to signal the PSC/PCI split is allowed. If GERAN decides to reverse the Working Assumption in [1] and align its procedures with the other RATs, those CRs should be revised accordingly. On the other hand, the Change Request in [9] assumes that no information is signalled in GERAN.
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� It is not clear whether the mobile should read the information only when camped on a UTRAN/E-UTRAN cell and then continue to use it after moving to GERAN, or whether the mobile should read this information from a UTRAN/E-UTRAN target frequency even when camping in GERAN (similarly to what happens for the reading of UTRAN predefined configurations). These details may be left implementation dependent.


� As handover to CSG cells is not supported in Rel-8, if the GERAN network is aware that a neighbour UTRAN or E-UTRAN cell is a CSG cell, it should not hand over mobiles to it.
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