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Introduction

This document aims to discuss the possible evolutions related to GSM/EDGE RAN sharing. 

Indeed 900 MHz spectrum re-farming to other RATs will lead operators to reduce GSM capacity and therefore to share their GSM networks, therefore providing operators with the most suitable (GE)RAN sharing method becomes a need. As re-farming means to significantly reduce the set of frequencies allocated to GSM the RAN sharing method as to be as efficient as possible regarding the use of remaining set of frequencies; it is the belief of co-sourcing companies that MOCN is most suitable RAN Sharing method in this respect.
Several approaches are proposed in order to clarify the requirements and scenarios before introducing a new MOCN-GERAN Work Item.
Possible RAN Sharing Strategies

The basic assumption of GSM/EDGE RAN sharing in this document is that radio access nodes (BTS and BSC) are shared among multiple operators. Core network nodes are not shared (GWCN is out of the scope of the WI).
Depending on whether the cells and frequencies/carriers are dedicated to each operator or pooled, several approaches are available. 

1.1 Dedicated Set of Frequencies

It is the solution widely used today which is applicable when the frequencies/carriers are dedicated to each operator.

Each operator owns its cells in which the BCCH frequency is related to only one PLMN.

No specific 3GPP standardization work has been necessary to introduce this solution.

BSC and BTS are shared as indicated in the figure from ‎[1].




1.2 Pooled set of frequencies

In this solution a given cell is shared between operators, the BCCH frequency remaining dedicated (solution 1) or included within the frequencies pool (solution 2).

1.2.1 Solution 1: One BCCH frequency per CN operator in a cell
The principle of this solution is to use multiple BCCH carriers in a cell, one per shared PLMN. The PLMN Id (MCC/MNC) broadcast in each LAI is the core network identity associated with the BCCH carrier. 

For example, for two CN operators sharing a GERAN radio network, two BCCH TRXs are used, in SI3/SI4 different PLMN ID are broadcast in each TRX.

Only the BCCH and CCCH channels are operator dependent. All other channels (e.g. TCH, SDCCH and PDCH) are common.

The UE chooses as today the more convenient PLMN, in this case the one matching his home PLMN, Consequently the choice of Core network operator is made by the UE, by choosing one of the multiple BCCH TRX. Then the BSC knows the CN to be involved. 

One BSC is linked with the core network nodes of each operator. A/Gb Flex is possible but not required.

1.2.1.1 Advantages

No modifications in UE and Core Network nodes.

1.2.1.2 Drawbacks

Not really convenient for GSM frequencies re-farming (less frequencies available for GSM) as BCCH frequencies are duplicated for each shared PLMNs, therefore frequencies use is not optimum.

Signaling needs are multiplied by two (e.g. list of neighbor frequencies), as there are (at least) two BCCHs/cell.

1.2.2 Solution 2: Sharing the BCCH with multiple PLMNs

This solution allows to share the radio resources (cells and frequencies). It is an adaptation to GERAN of MOCN solution already standardized for UTRAN (‎[2]).

The principle of MOCN are given hereafter:

· Broadcast on the BCCH of a PLMN list, used for supporting MSs/UEs to find directly the appropriate CN. This is mandatorily performed using the “Extended BCCH” feature.
· Non-supporting MSs/UEs still use the “legacy PLMN” broadcasted on the BCCH (aka Common PLMN) and find randomly the right CN (at first attach only).

Note: one company has raised the issue that “Extended BCCH” might not been supported by all legacy MS; more precisely the MS compliance with the “Extended BCCH” feature might not been tested, which seems confirmed by e.g. the fact that no test related to “Extended BCCH” is described within TS 51.010.
On the other hand another company made the proposal that we manage only “non-supporting MSs/UEs” (i.e. the PLMN list is not broadcasted, hence use of “Extended BCCH” is not mandated and there is no impact upon MSs/UEs).

Having in mind the low penetration rate to be expected for “Supporting MSs/UEs” and given that broadcasting of the PLMN list does not bring huge improvement (mainly performances at first attach and also full consistency with UTRAN/E-UTRAN MOCN “cleanest” solutions), co-sourcing companies are ready to take into account the above proposal in the WI presented for approval in the GERAN #46 closing Plenary.
1.2.2.1 Advantages

As frequencies are pooled, this solution is well adapted to GSM re-farming situation and provide the maximum flexibility.

Consistency between UTRAN and GERAN solutions (even if the lack of PLMN list broadcasting decreases a bit this consistency). 

1.2.2.2 Drawbacks

CNs nodes impacted.

MSs/UEs impacted (only if PLMN list is broadcasted), but non-supported MSs/UEs are taken into account.

Proposed way forward

It is proposed to standardize a MOCN solution for GERAN based upon the MOCN (E-)UTRAN solution (the PLMN list being not broadcasted) and therefore to open a MOCN-GERAN Work Item during GERAN #46 Closing Plenary. 

Reference 

[1] 3GPP TR 22.951 Service aspects and requirements for network sharing

[2] 3GPP TS 23.251 Network Sharing: Architecture and functional description 

ANNEX  

The main technical points to be addressed for the MOCN solution are the following:

· Broadcast of the PLMN list through System Information (relevant only if PLMN list is broadcasted).
· Network selection in shared area

· Routing to the CN operator and CN node

· Network name displayed

· Inbound roamers

This annex provides more information about how to handle these topics with the MOCN for GERAN solution.

Broadcast of the PLMN list through System Information (Parts related to supporting MSs/UEs are relevant only if PLMN list is broadcasted)
Broadcast of multiple core network operators by the BSC toward the MS/UE is introduced.
It is not mandatory for a MS/UE to support a list of PLMN IDs. For MS/UE not supporting a list of PLMN IDs, a common PLMN ID is defined, identifying the GERAN shared network:


- For MS/UE not supporting the feature (pre-release 10), only the PLMN identity (MCC/MNC) of the shared RAN (common PLMN) is decoded and taken into account by the MS/UE. The Common PLMN has to be chosen by operators in such a way that registration access issues with terminal in automatic PLMN selection mode are not encountered (i.e. to avoid cases for which the Common PLMN is a “forbidden PLMN” for this terminal).

- For MS/UE supporting the feature, the UEs know what CN operators are available behind a shared RAN due to broadcasting of multiple core network operators by the BSC. 

Today SI3/SI4 contains the LAI of the cell which gives the PLMN identity. Multiple PLMN ID have to be introduced. As in SI3/SI4 there is no remaining place, it could be foreseen to use the SI7/8 and SI16/17 defined for LSA in Extented BCCH. Note that the broadcast schedule will be the same as for SI3/SI4.

The number of PLMN involved in a sharing agreement have probably to be sized to 4 maximum in order to avoid new System Information.

As the place is limited in SI7/8 and SI16/17, the number of PLMN ID will depend on the number of LSA ID.

Network selection in a shared area

· A non-supporting MS/UE ignores the PLMN List broadcast in the SI; the common PLMN is considered as a candidate for network selection.

· Relevant only if PLMN list is broadcasted: a supporting MS/UE is able to decode the PLMN List in the SI and selects one of the available PLMNs in the shared network (the common PLMN is not considered as a candidate for network selection). The way to indicate the chosen PLMN is performed in UTRAN using the RRC INITIAL DIRECT TRANSFER message. As this message does not exist in GERAN it is proposed to use Layer 3 messages: within location area updating request, GPRS attach request and routing area updating request, a new IE "selected PLMN Identity" is added in case of supported UE.
Note: other conventional PLMNs may be present in the area and can be selected by the MS/UE as per TS 23.122.

Routing to the CN operator and CN node

· For a non-supporting MS/UE, the shared BSC should select one of the available operators 

· First attach: randomly,

· Re-attach : based on the NRI information derived from TMSI/P-TMSI sent by the MS/UE and the NNSF function introduced for A/Gb Flex feature. If both Iu Flex and MOCN features are enabled then the NRI value/length should take into account both the Id of the MSC in the pool and the Id of the PLMN the MSC belongs to.

and route the LA/RA update to the relevant MSC/VLR or SGSN.

The LAI/RAI sent in the Location Update/RA Update Accept should include the Common PLMN Id.

In case of first attach, if the roaming is not allowed in that PLMN, a redirection to another available operator should be performed (via the MOCN-specific rerouting function) until an operator is found that can serve the MS/UE.

In this case, the rerouting process entails the increase of the duration of Location update but first attach is quite rare (only when TMSI/P-TMSI not available).
· Relevant only if PLMN list is broadcasted: for a supporting MS/UE, based on the indicated selected PLMN, the shared BSC can route to the relevant MSC/VLR or SGSN.

The LAI/RAI sent in the Location Update/RA Update Accept should include the selected PLMN Id.

Notes:
· To use IMSI at first attach for routing purposes is not an acceptable strategy for inbound roamers, as this would mean to make the BSS aware of roaming agreements.

· The additional delay introduced by such a rerouting is estimated to less than one second (less than five seconds if the HLR is involved), which is felt acceptable by sourcing companies.

Network name display

The terminal should always show the name of the core network operator the user has registered with.

Relevant only if PLMN list is broadcasted: for a supporting MS/UE, if registration with a core network operator in a shared network is successful, as the right MCC/MNC is returned to the MS/UE (inside LAI) in location accept messages, the procedures for determining what should be shown on the display (see TS 22.101 Annex A) are applicable as if the chosen core network operator was not part of a shared network.
Consequently, the name stored in the MS/UE for the PLMN-ID of the chosen core network operator is displayed, except when the network indicates to the MS/UE a name to be displayed (NITZ feature).

For non-supporting MS/UE, the network name associated with the common PLMN Id will be displayed except when the network indicates to the MS/UE a name to be displayed (NITZ feature).

Note: the Network Identity and Time Zone feature (NITZ) allows the CN to broadcast to the MS/UE during LA/RA updates a “Network Name” to be displayed by the MS/UE. In such a case the “Network Name” broadcasted by the CN (using the DTAP MM Information message) takes precedence over the “Network Name” associated to the visited LAI/RAI.

Inbound roamers

Relevant only if PLMN list is broadcasted: for supporting MS/UE, the MS/UE chooses one core network operator from multiple PLMN ID broadcast list. The choice is standard and based for example on "user/operator preferred PLMN" lists.

For non-supporting MS/UE, the core network operator is chosen randomly by the BSC; as stated above rerouting may take place.

The network name display for inbound roamers has no particularities against the network name display for subscribers of the shared network operators.
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