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Introduction

This paper discusses at high level network sharing specifics for network (re)selection procedures in manual or automatic mode. Obviously there are only two feasible approaches. In the first approach the network selection treats each CN like a conventional network (with the radio characteristics of the shared RAN). The second approach consists of two steps. In the first step the network selection procedures treats the shared network like a conventional network. And in the second step the UE selects a CN from the CNs available at the shared network. These two approaches are described and compared in the following. 
Approach 1 - Sharing CN IDs on RAN system broadcast
Automatic network selection

The UEs takes each CN, indicated on RAN system broadcast, as an individual network. All these CNs together with other available conventional networks (all fulfilling the radio quality criteria) are compared with UE lists of preferred networks. The UE selects a network from these available networks according to the network’s priority on the UE lists of preferred networks. 
Manual network selection

All available CNs, that are indicated on the system broadcast of the shared RAN, are presented to the user like conventional networks together with available conventional networks (given the radio quality criteria are satisfied). The user selects a network from the presented list of networks. 

Approach 2 - Sharing CN IDs by dedicated signaling

Automatic network selection

The selection of a shared network consists of two steps. The first step takes only the conventional PLMN ID from system broadcast of the shared RAN into account. The shared network is one conventional network for the network selection. All available conventional networks, including the shared network, (all fulfilling the radio quality criteria) are compared with networks on UE’s lists of preferred networks. The UE selects from these available networks according to the network’s priority on the UE lists of preferred networks. An operator sharing the RAN configures the PLMN ID of the shared network on the "Operator Controlled PLMN Selector with Access Technology". Depending on availability and priority the UE selects the shared network and performs attach request. The shared network responds with a list of the available CNs. In a second step the UE selects a network from available CNs according to its lists of preferred networks and indicates the selected CN to the network. 
Manual network selection

For manual network selection the UE has to present to the user the available CNs behind a shared RAN (given radio criteria are fulfilled). For manual selection the shared RAN needs to broadcast an indication that multiple CNs are available at the shared RAN. The UE derives from each shared RAN the list of available CNs and presents these like conventional networks to the user. The UE performs attach and indicates the user selected CN to the network.

Discussion

Approach 2 seems necessary for GERAN as the GERAN system broadcast has not enough capacity to indicate multiple CN IDs sufficiently often that network or other procedures are not delayed too much.
If approach 2 needs to be adopted for GERAN the same approach might be used for UTRAN to avoid specification and implementation of different procedures in UEs and networks.

For automatic network selection it is not necessary to know the available CNs at a shared RAN already when the network selection starts. The conventional PLMN ID of the shared network may be configured on the "Operator Controlled PLMN Selector with Access Technology". The UE selects the shared network, receives the list of CNs and selects a CN according to its lists of preferred networks.

Approach 2 requires somewhat more dedicated signaling especially for manual network selection to derive the CNs of the shared network. But manual network selection seems to be used less often than automatic selection. And the additional signaling is only necessary when a UE enters the shared network service area. So the delay and signaling load that approach 2 adds to the network selection procedures should be acceptable.
Approach 1 gives obviously advantage to networks that broadcast multiple CNs. At random selection of a network in automatic mode it increases the probability for the shared network to be selected as all networks, all CNs and the conventional networks, have the same weighting in the selection process.
Conclusion
Both approaches seem feasible. It is proposed to adopt the same approach for UTRAN and GERAN to allow for the same procedures. If GERAN does not allow for broadcast of multiple CN IDs then approach 2 should be adopted for network (re)selection in UTRAN and GERAN scenarios.
Furthermore, it is proposed to add the description of connected mode and broadcast based network selection procedures to the TR as proposed below.
Proposed Modifications

4.1.1.1 Broadcast channel based solution

Each cell in REL-6 shared RAN broadcasts the operator identities and other relevant information, like NMO, about the CN operators providing service via the shared RAN. REL-6 UE decodes this information and uses it in the PLMN selection process. In automatic PLMN selection mode, the PLMN is selected based on the available operators behind the shared UTRAN and priorities in the USIM. In manual PLMN selection mode, UE indicates the available CN operators to the user. When UE performs registration procedure it indicates the selected operator to the network.

The figure below illustrates the solution.
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When UE identifies that the LA changes in the broadcast channel, it decodes also the extended BCCH information containing the operator identities and other relevant network configuration information. The broadcast information could be optimised to avoid broadcasting the network configuration information for all the operators sharing a particular gateway core network, because essentially this information is same for all these operators [see sub clause 4.1.4].
Automatic network selection

The UEs takes each CN, indicated on RAN system broadcast, as an individual network. All these CNs together with other available conventional networks (all fulfilling the radio quality criteria) are compared with UE lists of preferred networks. The UE selects a network from these available networks according to the network’s priority on the UE lists of preferred networks. 

Manual network selection

All available CNs, that are indicated on the system broadcast of the shared RAN, are presented to the user like conventional networks together with available conventional networks (given the radio quality criteria are satisfied). The user selects a network from the presented list of networks. 

4.1.1.2 Connected mode based solution

In connected mode based solution the UE asks network to provide information about available CN operators and other relevant information, like their associated NMO settings.

The following figure illustrates the connected mode based solution.
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When UE identifies that the LA has changed it initiates the LA updating procedure. During RRC connection establishment UE indicates to the network that the list of CN operator identities with associated other NAS information should be provided. RNC returns the relevant information to UE during or immediately after the RRC connection establishment. This information could be provided e.g. either in RRC Connection Setup or UTRAN Mobility Information depending on whether the information can fit into the former message. 
Automatic network selection

The selection of a shared network consists of two steps. The first step takes only the conventional PLMN ID from system broadcast of the shared RAN into account. The shared network is one conventional network for the network selection. All available conventional networks, including the shared network, (all fulfilling the radio quality criteria) are compared with networks on UE’s lists of preferred networks. The UE selects from these available networks according to the network’s priority on the UE lists of preferred networks. An operator sharing the RAN configures the PLMN ID of the shared network on the "Operator Controlled PLMN Selector with Access Technology". Depending on availability and priority the UE selects the shared network and performs attach request. The shared network responds with a list of the available CNs. In a second step the UE selects a network from available CNs according to its lists of preferred networks and indicates the selected CN to the network. 

Manual network selection

For manual network selection the UE has to present to the user the available CNs behind a shared RAN (given radio criteria are fulfilled). For manual selection the shared RAN needs to broadcast an indication that multiple CNs are available at the shared RAN. The UE derives from each shared RAN the list of available CNs and presents these like conventional networks to the user. The UE performs attach and indicates the user selected CN to the network.
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