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Full MOCN and Mobility
1. Introduction

This contribution is an update of [1][3] discussed at GERAN#51, GERAN#52 respectively. It addresses mobility aspects for Full MOCN such that mobility between a cell shared between multiple PLMNs and the neighbouring cells of these PLMNs is adequately enabled, taking into account non-supporting and supporting mobile stations.

2. Requirements
2.1 Supporting and Non-supporting UEs

As specified in [2]:

Non-supporting UE: A UE that does not support network sharing in the sense that it ignores the additional broadcast system information that is specific for network sharing for 3GPP UTRAN and GERAN. In other specifications, the term "network sharing non-supporting UE" may be used.

Supporting UE: A UE that supports network sharing in the sense that it is able to select a core network operator as the serving operator within a shared network. In other specifications, the term "network sharing supporting UE" may be used.
2.2 Support of MOCN
Though we expect that MOCN is a pre-requisite to Full MOCN, in order to accommodate non-supporting UEs, this is not explicitly mentioned in [2]. We believe a clarification CR would be needed.
3. Problems
Besides PLMN (re)selection, it should be ensured that Full MOCN allows mobility between shared cells and non-shared cells as depicted below. Case a) depicts the current situation when network sharing is not used. Case b) depicts the expected situation when network sharing is used. Highlights are given of the two cases that need to be enabled for network sharing; mobility must be possible between a cell shared among several PLMNs and the neighbouring cells of these PLMNs, while ensuring that mobility from a shared cell to a neighbouring cell is prevented (as early as possible) if the mobile station has no access to the PLMN of that neighbouring cell (e.g. failed reselection attempts should be avoided). 
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Figure 1. Introduction of network sharing

Because GSM neighbour cell information is broadcast that typically applies to all mobiles in the cell, enabling mobility between shared cells and non-shared cells of the PLMNs sharing the cell may also yield unnecessary measurement and possibly reporting of cells to which a mobile station may have no access. It is therefore necessary to provide means to minimize this problem while having minimal impact to signalling. 
4. Background

4.1 Measurements, Cell-reselection and Reporting in GSM
For cell reselection, in idle mode, the mobile station uses the BA (list) to monitor up to 32 non-serving BCCH carriers identified by their ARFCN. The BA (list) is broadcast in the System Information Type 2 message on BCCH (ref. BCCH Frequency List) as well as possibly in the SI2bis and SI2ter messages. 

For measurement reporting in dedicated mode, the mobile station uses, when available, the GSM Neighbour Cell List derived from the combination of the BA (list) and the BSIC list that indicates cells on which measurements are to be taken (and possibly reported). The GSM NCL is an indexed list of cells where each indexed cell points to an ARFCN and BSIC combination. The BA (list) is signalled in SI5/SI5bis/SI5ter messages on SACCH and the BSIC list is signalled in MEASUREMENT INFORMATION messages on SACCH. If not available on SACCH, the mobile station uses instead the BA (list) built from BCCH (SI2/SI2bis/SI2ter) and the BSIC list built from BCCH (SI2quater).

For measurement reporting in packet transfer mode the mobile station uses, similar to dedicated mode, the GSM Neighbour Cell list derived from the combination of the BA (list) and if available the BSIC list received on BCCH. The BSIC list is obtained from the GPRS BSIC description in SI2quater (if broadcast). The PACKET MEASUREMENT ORDER and PACKET CELL CHANGE ORDER messages sent on PACCH may add or remove frequencies from the BA (list) used by the mobile station.

4.2 NCC

In dedicated mode, the network controls which cells are to be monitored by a mobile station by means of the NCC Permitted information element. NCC Permitted is broadcast in SI2 on BCCH or signalled on SI6 on SACCH. It consists of an 8-bit bitmap indicating the allowed NCCs on the BCCH carriers that can be reported in the MEASUREMENT REPORT message. I.e. the mobile station monitors and reports only cells of which the NCC comprised in their BSIC
 matches with the indicated NCC(s) in the NCC Permitted information element.

However, it should be noted that NCC Permitted is only used for measurement reporting i.e. is not used for cell reselection in idle mode. Note also that NCC Permitted is not used in packet transfer mode when PBCCH is not supported (and PBCCH will not be deployed) which can be seen a limitation of current standards.
5. Proposal
5.1 BA(list)
It is proposed that in a cell shared among several PLMNs, a single BA (list) be broadcast which is essentially the union of ARFCNs covering cells, from all these PLMNs, that are neighbouring the shared cell. This enables mobility from the shared cell to the neighbouring cells of all PLMNs sharing the cell. 

Likewise, the neighbouring cells of the PLMNs sharing the cell must broadcast a BA (list) that includes the ARFCN of the shared cell. This enables mobility to the shared cell.

The above requires no signalling changes.

However, for non-supporting mobiles in idle mode this triggers unnecessary monitoring of ARFCNs of the PLMNs to which they have no access. This is however inevitable for MOCN.

For supporting mobiles the same issue would arise which could be addressed by distinct BA (list) for each PLMN. This is not deemed acceptable though. Instead, it should be possible to exploit the NCC settings in a shared network deployment, as described hereafter.

5.2 NCC

The issue identified above with the BA (list) for supporting mobiles can be addressed through appropriate NCC and NCC Permitted settings. 
As shown in 4.2, in dedicated mode, a mobile station monitors and reports only cells of which the NCC comprised in their BSIC matches with the indicated NCC(s) in the NCC Permitted information element. The use of NCC Permitted is however not defined for idle mode or packet transfer mode (when PBCCH is not supported). It is therefore proposed to make NCC and NCC Permitted applicable for cell re-selection in idle mode and in packet transfer mode (when PBCCH is not supported), as follows. 

It is proposed that the PLMN of which one or more cells are shared be allocated at least two NCCs: one for the shared cell(s) and one for the non-shared cells. These two NCCs are used locally in the area where sharing is applied. The other PLMNs sharing the cell of course have different NCCs as per existing requirements.

The above must be coupled with appropriate NCC Permitted settings. In a cell shared among several PLMNs, it is proposed that one NCC Permitted be signalled for each of these PLMNs. This allows a control of the monitoring and reporting of cells by supporting mobile stations according to their registered PLMN (and ePLMN thereof). These are signalled in addition to the legacy NCC Permitted field that applies to non-supporting mobiles. 
· Each NCC Permitted is set such that the NCC of the shared cell and that of the PLMN associated to the NCC Permitted are permitted (while the remaining NCCs are not permitted).
· The legacy NCC permitted is set such that NCCs for all PLMNs sharing the cell are allowed (as per MOCN) (this includes the NCC of the shared area).
The above is illustrated on Figure 2 below.
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Figure 2. NCC and NCC Permitted for Full MOCN
The additional NCC Permitted IEs need to be broadcast along with the multiple PLMN IDs and other information for Full MOCN. This information is dedicated to supporting mobiles only.
The above made applicable to idle mode and packet transfer mode offers simple means to prevent unnecessary monitoring (and reporting) of cells belonging to PLMNs to which the mobile station has no access and, as a result, to prevent cell re-selection to these cells. This thus also protects the non-shared cells of a PLMN of which one or more cells are shared.
5.2.1 Setting of the NCC Permitted Shared Value 

The NCC planning in current networks without network sharing is already established. When introducing the Full MOCN the additional value required for the NCC Permitted Shared is selected among the existing NCC values. The new NCC value for the shared area is to be separate from the NCC values of the non-shared cells. In a typical case (see Example 1) this should not result in actual network planning effort but an automated O&M parameter assignment task. The network planning effort lies at building the common NCL at the border of shared and non-shared areas. 

In a non-shared network it would be possible for all PLMNS within a country to use a single NCC code point thus the same one for all PLMNs assuming a country wide PLMN coverage for each. Outside border areas all PLMNs are allowed to use all NCC code points and at country borders NCC values need to be coordinated. 

The country border area is such that it is most likely either shared or non-shared in which case the legacy rules apply. One specific case is the one of regional PLMNs that share the same frequency range with other PLMNs and of which the edges of coverage areas are interfering each other. In this case NCC coordination similar to the country borders coordination would be needed. 

In a rare case, the network-sharing border could appear along the country border. If this happened, NCC coordination could be needed within the cells at the border between shared and not shared cells but with the available NCC code points even this scenario should work without a need to compromise service quality (i.e. not assign a PLMN specific NCC or a compromise NCC allowed).

It must be noted that BCCH frequency reuse already makes co-channel interference low within a PLMN and a BSIC reuse factor 8 with a single NCC code point would in practice guarantee excessive BSIC reuse distance. Multiple NCC code points for a single PLMN are not absolutely needed but are useful. If the existing NCC planning utilizes multiple NCC values, certain NCC coordination would be needed on cells at the border area between shared and non-shared cells. However in this case, the cells that would be impacted in terms of network planning are those cells for which the new NCL has to be planned. As such even in this case the network planning effort for the NCC values would be minor. The convenience enabled by the multiple NCC remains still in place with the introduction of NCC Permitted for the shared area in different scenarios except possibly in a case of sharing between multiple PLMNs at the border area cells between shared and non-shared PLMNs.

Example 1:
As an example in the most simple case all operators start with the same NCC for the shared area. In this example in order to improve the mobility at the border area in addition to the new NCC code point assigned for the shared area a new NCC code for one of the PLMNs (PLMN A or PLMN B) within the non-shared area is needed. This would enable the NCCs appear different when moving from a PLMN A shared cell towards either non-shared PLMN A or non-shared PLMN B in Fig.2. 

In this typical case of two operators an automated O&M NCC parameter change would be sufficient. If in this example the operator has made full use of NCC code points a bit more work would be needed in setting the appropriate NCC codes. 

6. Conclusions
This paper analysed the impact of Full MOCN on mobility. A number of proposals are made to enable mobility between a cell shared among several PLMNs and the neighbouring cells of these PLMNs while minimizing the impact on system information, and preventing unnecessary measurement, reporting and cell re-selection. These proposals are that:

· The BA(list) of a shared cell is the union of ARFCNs covering the neighbouring cells of all PLMNs sharing the cell.
· A PLMN of which one or more cells are shared shall have two different NCCs in the area where sharing applies: one NCC for the shared cells, one NCC for the non-shared cells (while the other PLMNs sharing the cells have different NCCs). 

· The legacy NCC permitted is set such that the NCCs for all PLMNs sharing the cell (incl. that of the shared cell) are permitted (as per MOCN), in the area where sharing is applied.
· A cell shared among n PLMNs shall broadcast n corresponding NCC Permitted IEs. Each NCC Permitted IE shall indicate that the NCC of the associated PLMN and the NCC of the shared cell are permitted (while the NCCs of the n-1 other PLMNs are, typically, not permitted)
· A mobile station shall be able to apply NCC Permitted in idle mode and packet transfer mode to restrict the monitoring (and if applicable reporting) of cells to the permitted NCCs as per the registered PLMN (ePLMN).
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� The BSIC (Base Station Identity Code) (see 3GPP TS 23.003) contains the NCC (3 bits) and BCC (3 bits). The BSIC is sent on each SCH burst of a GSM cell and allows to identify a particular base station such that the combination {ARFCN, BSIC} identifies a cell.
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