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Supporting PCCO to CSG cells in Rel-9
1. Introduction

Recent discussions during GERAN#45 and the telco on H(e)NB enhancements (see e.g. [1], [2]) have questioned the possibility for cell change order to CSG cells hence potentially implying the requirement to support PS handover for inbound mobility to CSG cells in packet transfer mode (when autonomous reselection is not active).

The sourcing companies, while believing (PS) handover to CSG cells should be supported, also believe cell change order ought to be possible
 hence leaving freedom to networks and mobile stations to implement PS handover, and offering a greater use of network-controlled mobility to CSG cells. Indeed if NC2 were ordered and PS handover were not supported, reselection to a CSG cell would otherwise not be possible (autonomous reselection does not apply in NC2).

This paper proposes to allow PCCO to CSG cells and shows a possible method with minimum impact to existing (non-CSG) signaling and equipments.

2. CSG cell identifiers

2.1 Handover scenario
Handover to a CSG cell requires that the routing parameters of the cell (CGI
, so it can be uniquely identified and addressed in the network) and its CSG ID (so that access to the cell’s CSG can be verified by the core network) are made available in the source [GERAN] cell. This has a considerable impact on GERAN signaling, especially for measurement reporting, while it severely limits the reporting of other cells in the same message. This could however not be avoided in this scenario given a mechanism had to rely on the lack of mapping tables
 in the BSS and given the inherent confusion that may exist with the PSC/PCI of CSG cells.

However, it should be noted that it is not the responsibility / task of the source [GERAN] cell:

· To verify, during the handover preparation phase, the accessibility of a mobile station to a CSG cell (i.e. CSG ID): this is the responsibility of the core network (and of the CSG cell); and

· To provide preferential treatment towards a CSG cell: this is the responsibility of the CSG cell (or hybrid cell)

Hence, there is no use in the GERAN BSS for the routing parameters and CSG ID of a CSG cell other than for communicating with the core network.

2.2 Cell change order scenario

2.2.1 Requirements
Unlike the handover scenario where the [content of the] PS Handover Command message is built by the target CSG cell, the PCCO message is built by the source GERAN cell i.e. the CSG cell is not addressed by the source GERAN cell given the resources in the target CSG cell are not reserved prior to the mobile station being moved to that cell. Furthermore, a GERAN BSS should have the possibility to collect the measurement results of a known CSG cell, like for any other cell, and in particular to weigh those against measurement results of other cells. These imply that the CSG cell must be uniquely identified within the coverage of the source GERAN cell, but the identification of the CSG cell within the entire network is not required. 

In addition, the verification of a mobile station’s access credentials to a CSG [cell] by the network (GERAN cell) is not required or necessary. It is indeed in this case the responsibility of the mobile station to verify it has access to the CSG cell (i.e. the CSG ID is on the mobile station’s “CSG Whitelist”), and to ensure that a known CSG cell to which it has no access will never be reported. Therefore the CSG ID of a CSG cell need not be reported to the GERAN cell.

2.2.2 Proposal

Given the above, the reporting of a CSG cell’s routing parameters can be avoided and the resulting impact to GERAN signaling and equipments can be minimized. As a result, cell change order can be provided for CSG cells in a simple yet reliable manner as shown below.

It is proposed that a mobile station reports, similarly as for a macro cell, the physical layer parameters of the CSG cell to which it has access
. However, in order to address the issue of {PSC/PCI, Freq} confusion within the coverage of the source GERAN cell, it is further proposed that the mobile station derives a n-bit identifier which, when combined with the reported {PSC/PCI, Freq} of a CSG cell, “uniquely” identifies the reported CSG cell within the coverage of the source GERAN cell (for the purpose of measurement reporting and cell change order). This n-bit identifier distinguishes different cells (i.e. different CGIs) sharing the same physical layer parameters {PSC/PCI, Freq} within a GERAN cell. 

This identifier should be defined as a counter/index of reported allowed CSG cells only (for a given {PSC, Freq} or {PCI, Freq}), i.e. cells that meet the criteria “strongest on a frequency” and whose CSG ID belongs to the mobile station’s CSG Whitelist. This is to guarantee that the counter/index is used (and esp. incremented) only when necessary. A 3-bit value is expected to be sufficient which would provide considerable savings vs. using the 28-bit CGI.

For example, if a given CSG cell1 (CGI1) is reported for the first time by the mobile station in packet transfer mode, the mobile station identifies the cell by its {PSC/PCI, Freq} and the identifier set to ‘0’. If, at a later point in time during the connection, a second CSG cell2 (CGI2 ≠ CGI1) with the same {PSC/PCI, Freq} as CSG cell1 is reported
, the mobile station identifies the reported cell by the same {PSC/PCI, Freq} and the identifier incremented by one unit, thus indicating the network it is not the same cell as previously reported. If a third CSG cell3 is reported (CGI3 ≠ CGI2 and CGI3 ≠ CGI1) with the same {PSC/PCI, Freq), the n-bit identifier is yet again incremented, and so forth. This identifier could be reset when leaving packet transfer mode (or when entering packet transfer mode) or preferably when (successfully) leaving the cell.

As an alternative it could also be considered that this identifier be used only from the second reported CSG cell (for a given {PSC/PCI, Freq} onwards. I.e. the first reported CSG cell is not identified with the n-bit identifier, the second (and onwards) reported cell is identified with the identifier set to ‘0’ (and onwards). This offers one more value, but more importantly, it makes use of the additional identifier only when PSC/PCI confusion has been witnessed by the mobile station during the connection, thus saving additional signaling. This means that the first reported CSG cell cannot be identified as a CSG cell by the network when the PSC/PCI split is not used (which should be avoided when CSG cells are deployed), but this is not seen as an issue.

If the network decides to order a cell change towards one of the reported CSG cells, it will then identify the CSG cell, in the PCCO message, using its {PSC/PCI, Freq} and the n-bit identifier received from the mobile station in the measurement report message. In the alternative proposal, the additional identifier if not reported by the mobile station, would of course not be indicated by the network.

The table below illustrates how the proposal operates, for UTRAN cells.

	PSC
	Freq
	CSG Cell

(Y/N)
	CGI
	CSG “Whitelist”

(Y/N)
	Strongest on freq
(Y/N)
	n-bit identifier
	Remarks

	
	
	
	
	
	
	Y/N
	Value
	

	x
	x
	N
	x
	N/A
	N/A
	N
	N/A
	Macro cell

	x
	x
	Y
	x
	N
	N/A
	N
	N/A
	Not reported (not allowed cell)

	x
	x
	Y
	x
	Y
	N
	N
	N/A
	Not reported (allowed cell, but not strongest cell)

	PSC1
	f1
	Y
	CGI1
	Y
	Y
	Y
	‘0’
	Reported first time – First alternative

	
	
	
	
	
	
	N
	N/A
	Reported first time – Second alternative

	PSC1
	f1
	Y
	CGI2
	Y
	Y
	Y
	‘1’
	PSC confusion. 2nd reported CSG cell for {PSC1, f1} – First alternative

	
	
	
	
	
	
	Y
	‘0’
	PSC confusion. 2nd reported CSG cell for {PSC1, f1} – Second alternative

	PSC2
	f1
	Y
	CGI3
	Y
	Y
	Y
	‘0’
	Reported first time – First alternative

	
	
	
	
	
	
	N
	N/A
	Reported first time – Second alternative

	PSC1
	f1
	Y
	CGI4
	Y
	Y
	Y
	‘2’
	PSC confusion. 3rd reported CSG cell for {PSC1, f1} – First alternative

	
	
	
	
	
	
	Y
	‘1’
	PSC confusion. 3rd reported CSG cell for {PSC1, f1} – Second alternative

	NOTE: “x” represents any value


3. Conclusions

This paper proposes a simple yet reliable mechanism to allow cell change order to CSG cells, while addressing the PSC/PCI confusion problem and minimizing the impact on GERAN signaling and equipments. A short identifier is introduced which when combined with a {PSC/PCI, Freq} allows to uniquely identify a reported CSG cell during a connection, for the purpose of measurement reporting and cell change order.

It is recommended that TSG GERAN(2) first reaches a decision about whether or not to allow PCCO to CSG cells and, if so, to consider accordingly the proposal in this paper.

Note that it could also be considered to have simply a “counter of CSG cells” (per given RAT) which would not need to be associated with the {PSC/PCI; Freq} of those cells while still allowing unambiguous reporting of CSG cells (and CCO). However for reasons of simplicity it is preferred to preserve the legacy means of reporting with physical layer parameters (like for other cells), with the provision of an additional identifier allowing to distinguish CSG cells (should PSC/PCI confusion arise).
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� When routing parameters are not requested, while routing parameters are only needed for the purpose of handover


� CGI: Cell Global Identifier (28 bits). See 3GPP TS 25.331, 36.331.


� Where the routing parameters of a CSG cell are mapped with the associated physical layer parameters (PSC/PCI, Freq)


� i.e. the CSG ID of the reported CSG cell is on the mobile station’s “CSG Whitelist”


� I.e. the MS has verified the CSG ID of the Cell is on its CSG Whitelist





