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***** START OF CHANGES *****
Introduction

Network sharing is a way for operators to share the heavy deployment costs for mobile networks, especially in the roll-out phase. In the current mobile telephony marketplace, functionality that enables various forms of network sharing is becoming more and more important. These aspects have not really been addressed before Release 6 in 3GPP UTRAN based access networks, before Release 8 in 3GPP E-UTRAN based access networks and before Release 10 in 3GPP GERAN based access networks, although there has been functionality that supports a very basic type of network sharing since the Release 5 versions of the 3GPP specifications.

To cope with 3GPP pre-Release 6 UTRAN UEs and with pre-Release 11 3GPP GERAN UEs, this specification describes extra functionality for MSCs, SGSNs, BSCs and RNCs in order to provide network sharing functionality to "non-supporting UEs".

In this Release of the specifications, all GERAN, UTRAN and E-UTRAN capable UEs are required to support these network sharing requirements. E-UTRAN and MMEs (which were introduced in 3GPP Release 8) do not need functionality to handle "non-supporting UEs".


Scenarios and user requirements are described in TR 22.951 [1], while the current document presents the stage 2 details and descriptions of how these requirements are supported in a 3GPP GERAN, UTRAN and/or E-UTRAN based network.
***** NEXT CHANGE *****
3.1
Definitions

For the purposes of the present document, the following terms and definition below apply. Terms and definitions not defined below can be found in TR 21.905 [2].

Conventional network: A PLMN consisting of radio access network and core network, by which only one serving operator provides services to its subscriber. Subscribers of other operators may receive services by national or international roaming.

Common PLMN: The PLMN-id indicated in the system broadcast information as defined for conventional networks, which non-supporting UEs understand as the serving operator.

Core network operator: An operator that provides services to subscribers as one of multiple serving operators that share at least a radio access network. Each core network operator may provide services to subscriber of other operators by national or international roaming.

Gateway Core Network: A network sharing configuration in which parts of the core network (MSCs/SGSNs/MMEs) are also shared.

Multi-Operator Core Network: A network-sharing configuration in which only the RAN is shared.
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.
***** NEXT CHANGE *****
4
General Description

4.1
Overview

A network sharing architecture shall allow different core network operators to connect to a shared radio access network. The operators do not only share the radio network elements, but may also share the radio resources themselves. In addition to this shared radio access network the operators may or may not have additional dedicated radio access networks, like for example, 2G radio access networks. There are two identified architectures to be supported by network sharing. They are shown in the figures below.

In both architectures, the radio access network is shared. Figure 1 below shows reference architecture for network sharing in which also MSCs and SGSNs are shared. This configuration will be referred to as a Gateway Core Network (GWCN) configuration.
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Figure 1: A Gateway Core Network (GWCN) configuration for network sharing. 
Besides shared radio access network nodes, the core network operators also 
share core network nodes

Figure 2 below shows the reference architecture for network sharing in which only the radio access network is shared, the Multi-Operator Core Network (MOCN) configuration.
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Figure 2: A Multi-Operator Core Network (MOCN) in which multiple CN nodes are 
connected to the same RNC and the CN nodes are operated by different operators

The UE behaviour in both of these configurations shall be the same. No information concerning the configuration of a shared network shall be indicated to the UE.

For the Evolved Packet System, only the PS domain of the above figures is relevant. For E‑UTRAN access Figures 1 and 2 both apply but with the MME replacing the SGSN, the eNodeB replacing the RNC, and the S1 reference point replacing the Iu interface.

For GERAN access, only MOCN applies (Figure 2) but with the BSC replacing the RNC and the A/Gb-Interface replacing the Iu interface. 
RAN sharing for Closed Subscriber Group (CSG) and hybrid cells (see TS 36.300 [10] and TS 25.467 [17]) is not supported in this release of the specifications. A CSG cell shall only broadcast one PLMN ID.

4.2
Core Network Operator and Network Selection

Network sharing is an agreement between operators and shall be transparent to the user. This implies that a supporting UE needs to be able to discriminate between core network operators available in a shared radio access network and that these operators can be handled in the same way as operators in non-shared networks.

4.2.1
Core network operator identity

A core network operator is identified by a PLMN-id (MCC+MNC).

4.2.2
Broadcast system information for network sharing

Each cell in shared radio access network shall in the broadcast system information include information concerning available core network operators in the shared network. The available core network operators shall be the same for all cells of a Location Area in a shared UTRAN or GERAN network. The available core network operators shall be the same for all cells of a Tracking Area in a shared E‑UTRAN network. A supporting UE decodes the broadcast system information and takes the information concerning available core network operators into account in network and cell (re-)selection procedures. Broadcast system information is specified in TS 44.018 [16] for GERAN, TS 25.331 [3] for UTRAN and TS 36.331 [11] for E‑UTRAN.

For GERAN, the list of available core network operators is broadcast with optionally, for each PLMN, the set of  legacy ACs to be used by any MS/UE selecting this PLMN..

4.2.3
Network selection in a shared network
4.2.3.1
Behaviour of supporting UEs (GERAN, UTRAN and E-UTRAN)

A supporting UE decodes the broadcast system information to determine available core network operators in the shared network. The UE regards both the core network operators indicated in the broadcast system information and conventional networks as individual networks. The core network operators together with all conventional networks are candidate PLMNs for the PLMN selection procedure that shall be performed by the UE as specified in TS 23.122 [4].

In GERAN and UTRAN, non-supporting UEs use the broadcast "common PLMN-id" in their PLMN (re)selection processes and supporting UEs shall use the PLMN-ids that are broadcast in the Multiple PLMN ID List information element.

For E‑UTRAN, the UE uses all of the broadcast PLMN-ids in its PLMN (re) selection processes.

4.2.3.2
Behaviour of non-supporting UEs (GERAN, UTRAN)

Non-supporting UEs ignore the broadcast system information that is relevant for network sharing. The common PLMN together with all conventional networks are candidate PLMNs for the PLMN selection procedure that shall be performed by the UE as specified in TS 23.122 [4].

It is recommended for the network and the UE to support the Network Identity part of the Network Identity and Time Zone (NITZ) feature (see TS 22.042 [18]) for providing the UE with the name of the serving PLMN operator.

4.2.4
Assignment of core network operator and core network node

When a UE performs an initial access to a shared network, one of available CN operators shall be selected to serve the UE. For non-supporting UEs, the shared network selects an operator from the available CN operators. For supporting UEs, the selection of core network operator by the UE shall be respected by the network. Supporting UEs inform the BSC/RNC/eNodeB of the network identity of the chosen core network operator.

In a UTRAN GWCN configuration, the RNC relays the chosen network identity to the shared core network node. In E‑UTRAN GWCN, the eNodeB always relays the chosen network identity to the shared MME.

In a MOCN configuration, the RAN routes the UE's initial access to the shared network to one of the available CN nodes. Supporting UEs shall inform the RAN of the chosen core network operator so that the RAN can route correctly. For non-supporting UEs the shared network selects an operator from the available CN operators. A redirection to another CN operator may be required for non-supporting UEs until an operator is found that can serve the UE. Redirection is described in clause 7.1.4.
After initial access to the shared network the UE does not change to another available CN operator as long as the selected CN operator is available to serve the UE's location. Only the network selection procedures specified in TS 23.122 [4] may cause a reselection of another available CN operator. . Also the network does not move the UE to another available CN operator, e.g. by handover, as long as the selected CN operator is available to serve the UE's location. Furthermore the UE does not change to another CN node as long as the selected CN node is available to serve the UE's location.
In GERAN and UTRAN, when the network signals location/routing area identities to supporting UEs, e.g. in location updating accept messages, these identities shall contain the chosen core network operator identity. For non-supporting UEs, they shall contain the common PLMN. The UE stores the received LAI/RAI on the SIM/USIM, as already specified in TS 24.008 [7].
In E‑UTRAN, the chosen core network operator identity is included in the GUTI in e.g. the Attach Accept message. The UE shall store the received GUTI on the USIM according to the rules specified in TS 24.301 [12].


***** NEXT CHANGE *****
5.2b
BSC functions

Network sharing information, i.e. available core network operators in the shared network, shall be transmitted in broadcast system information. If system information is transmitted to a supporting UE in dedicated signalling, the BSC shall indicate the PLMN-id of the core network operator towards which the UE already has a signalling connection (if a PLMN-id is included in the signalling). If the UE is non-supporting, the RNC shall indicate the common PLMN (if a PLMN-id identity is included in the signalling). Optionally, the BSC may broadcast for each PLMN the set of  legacy ACs to be used by any MS/UE selecting this PLMN.
The BSC shall indicate the selected core network operator to the CN for supporting UEs when transferring initial layer 3 signalling. The selected CN operator is (i) indicated by the UE in Initial Layer3 messages or (ii) known implicitly from an already existing signalling connection. For non-supporting UEs, the BSC shall not indicate any selected core network operator to the CN.

For Inter-RAT handover to a GWCN or a MOCN from GERAN:

-
the source BSC determines a core network operator to be used in the target network based on current PLMN in use, or other information present in the BSC, the source BSC shall at handover indicate that selected core network operator to the source core network node as part of the TAI/RAI sent in the PS handover required message. The selected target core network operator should be the same as the one in use. This is accomplished by not changing the serving PLMN if the PLMN in use is supported in the target cell. If the PLMN in use is not supported in the target cell the BSC selects the target PLMN based on pre-configured information in the BSC.

***** NEXT CHANGE *****
7.1.5
Supporting UEs in a MOCN configuration

7.1.5.1
UTRAN based MOCN configuration
Supporting UEs can make use of the additional information in the broadcast system information. The UTRAN signalling flow is shown in the figure below.
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Figure 8: Network selection by a supporting UE in a UTRAN MOCN

1.
The UE reads the broadcast system information in the shared RAN.

2.
A supporting UE decodes the shared network information and supplies the available core network operator PLMN-ids as candidates to the PLMN selection procedure. Only PLMNs in the Multiple PLMN ID List are candidates for network selection. The UE also decodes optionally broadcast legacy ACs associated to each PLMN to be used by any UE selecting this PLMN.
3.
The UE performs network selection among available PLMNs.

4.
The UE sends an ATTACH REQUEST message to the network. It also indicates to the RNC the chosen core network operator. The RNC uses the routing information to determine which core network operator the message should be routed to and the ATTACH REQUEST message is sent to the core network operator chosen by the UE.

5.
The core network determines whether the UE is allowed to attach to the network.

6.
The shared core network node sends the appropriate ACCEPT/REJECT message back to the UE. In case of an ATTACH ACCEPT message, the core network assigns the UE an appropriate TMSI/P-TMSI so that this identity can be used for any further rerouting of messages by the RNC.

7.1.5.2
GERAN based MOCN configuration


Supporting UEs can make use of the additional information in the broadcast system information. The GERAN signalling flow is shown in the figure below.
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Figure 8: Network selection by a supporting UE in a GERAN MOCN

1.
The UE reads the broadcast system information in the shared RAN.

2.
A supporting UE decodes the shared network information and supplies the available core network operator PLMN-ids as candidates to the PLMN selection procedure. Only PLMNs in the Multiple PLMN ID List are candidates for network selection. The UE also decodes optionally broadcast legacy ACs associated to each PLMN to be used by any UE selecting this PLMN.  
3.
The UE performs network selection among available PLMNs.

4.
The UE sends an ATTACH REQUEST message to the network. It also indicates to the BSC the chosen core network operator. The BSC uses the routing information to determine which core network operator the message should be routed to and the ATTACH REQUEST message is sent to the core network operator chosen by the UE.

5.
The core network determines whether the UE is allowed to attach to the network.

6.
The shared core network node sends the appropriate ACCEPT/REJECT message back to the UE. In case of an ATTACH ACCEPT message, the core network assigns the UE an appropriate TMSI/P-TMSI so that this identity can be used for any further rerouting of messages by the BSC.

***** END OF CHANGES *****
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