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1 Introduction
In recent SA2 and RAN3 meetings a 2-node 3GPP SAE/LTE architecture were presented in [1] and [2]. The presented solution meets the SAE / LTE requirements on performance (e.g. UP/CP latency, mobility) and security (i.e. same or better than current UMTS level) without introducing any unnecessary complexity (e.g. Inter-Node B UP/CP interfaces).
This contribution is focusing on the requirements on Network Sharing that is part of the SAE / LTE. (See requirements in TR 23.882 sub clause 5 – “The SAE/LTE system shall support network sharing functionality…” – and in TR 22.978 subclause 5.1.1.9 second bullet).  It is proposed to fulfil the requirements with a simplified Network Sharing architecture compared to Rel-6 Network Sharing. For example, only “supporting UEs” exist on the LTE radio and it should be possible to only support “MOCN configurations“.
Text proposal is made to 3GPP TR 23.882 adding a new key issue on Network Sharing.

2 Network Sharing in a 2-node Architecture

The Rel-6 Network Sharing architecture [3] describes two architectures for network sharing, the Gateway Core Network (GWCN) configuration and the Multi-Operator Core Network (MOCN) configuration. In MOCN configurations it is only the radio access network that is shared, whereas in GWCN configurations also the SGSN and the MSC are shared.  

In a 2-node architecture with only one centralized node, the ACGW, network sharing using an MOCN configuration should be possible to support quite similar as of today. In the figure 2 below it is shown how a two node architecture can look like in an MOCN configuration, where the ACGWs nodes are owned by each operator and the Node Bs are shared. 
If network sharing using the GWCN configuration is of interest for SAE is FFS. However, one possibility for the GWCN configuration could be use a solution similar to the roaming scenario, i.e. one set of ACGWs in the shared domain connected to the Node B´s and one set of ACGWs for each Operator. A bearer for a user being setup UE – NodeB – ACGW in VPLMN – ACGW in HPLMN, that is, via a ACGW in the visited network.     
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Figure 1  Overview picture of a 2-node architecture
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Figure 2  Overview of a MOCN configuration in a 2-node architecture

In the figure above and in the context of this document the Rel-6 Netshare terminology of “RAN Operator” and “CN Operator” has been replaced by just “Operator”. The reason is that the distinction between RAN and CN is not as clear in LTE / SAE any longer. In the figure above, the ACGW may for example contain certain functions which is today considered as RAN functionality.   
3 Key SAE/LTE Network Sharing functions  
3.1 Overview
The following functions are considered as key for network sharing in a SAE/LTE architecture.  
· S1-flex configuration (Corresponding to Iu-flex in earlier releases)
· Broadcast system information for network sharing
· Network selection in a shared network
· Assignment of Operator and ACGW node
3.2 S1-flex configuration 
The Rel-6 network sharing functions are based on the Iu-flex functionality [4]. The SAE/LTE network sharing functions discussed in this paper assumes likewise that functionality (multi-to-multi connections between Node Bs and ACGWs) corresponding to the Rel-6 Iu-flex functionality exists in the Node B, ACGW and in the UE. See for example [5]. 
3.3 Broadcast system information for SAE/LTE network sharing

Broadcast system information concerning available Operators in the shared network is included in each cell in the shared RAN. A supporting UE decodes this information and takes the information concerning available Operators into account in network and cell (re-)selection procedures. 
3.4 Network selection in a shared SAE/LTE network

It is our assumption that all UEs equipped with the new LTE radio supports network sharing from the very beginning, i.e. any network sharing related information is an inherent part of the SAE/LTE protocols from the very beginning. With Rel-6 Netshare terminology, all UEs are “supporting UEs”.   

An LTE UE decodes the broadcast system information to determine available Operators in the shared network. The UE regards both the Operators indicated in the broadcast system information and non-shared networks as individual networks. The Operators together with all conventional networks are candidate PLMNs for the PLMN selection procedure that shall be performed by the UE. 
3.5 Assignment of Operator and ACGW node
When a UE performs an initial access to a shared network, it informs the Node B the identity of the Operator it has chosen. The Node B routes the initial access to an ACGW of the chosen Operator. 

After initial access to the shared network the UE does normally not change to another available Operator as long as the selected Operator is available to serve the UE's location. 
When the network signals tracking area identities to UEs, e.g. in tracking area accept messages, these identities shall contain the chosen Operator identity. The UE stores appropriate information on the SIM, to enable re-attach to the same Operator and  ACGW again after power-off.
A UE shows the name of the PLMN-id it has registered with. In case of a shared network, it is the PLMN-id of the chosen Operator.
4 Functional Description

4.1 UE functions

A SAE/LTE UE selects the Operator and provides the PLMN-id of this operator to the network for routing purposes.
4.2 Node B functions
Network sharing information, i.e. available Operators in the shared network, shall be transmitted in broadcast system information. 
For initial signalling the Node B selects an ACGW based on the Operator (PLMN-id) indicated by the UE. 
4.3 ACGW functions
The assumptions in this contributions is that network sharing is an inherent part of the LTE/SAE from the very beginning and, so far, that only the MOCN configuration is supported. Therefore no specific network sharing requirements have been identified on the ACGW at this stage. 
5 Radio Resource Management in a shared LTE RAN 

In the proposed concept the radio resources would be owned by the operator operating the Node Bs. The operators owning the ACGWs will control the terminal mobility, and request resources (from the Node Bs) and measurement reports (both from UEs and Node Bs). The split between the operators will be done over the ACGW-Node B interface. The advantage with this approach is that there is no need to send down roaming restrictions, security context etc. to the Node Bs, instead each ACGW will be responsible for requesting and configuring measurement reports from the UE (e.g. manage neighbouring cell list). This gives more flexibility for each operator to decide on how to handle mobility and to realize different services for its subscribers, compared to today’s solutions. It is still possible to take RRM decisions (e.g. handover) based on information from multiple cell load etc.

6 Conclusion

With the assumption that SAE/LTE supports S1-flex configurations, the addition of the network sharing feature should only have minor impact on the SAE/LTE architecture. Simplifications is possible to make compared to Rel-6 Network Sharing, e.g. that only “supporting UEs” exist on the LTE radio and that only MOCN configurations exist.  
It is proposed to add the text below to the 3GPP TR 23.822.
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7 Proposed text to TR 23.882

7.X
Key Issue Network Sharing
7.X.1
Description of Network Sharing

The key issue Network Sharing presents a way to apply functionality corresponding to Rel-6 MOCN Network Sharing also to the LTE / SAE / LTE architecture.

The Rel-6 Network Sharing architecture describes two architectures for network sharing, the Gateway Core Network (GWCN) configuration and the Multi-Operator Core Network (MOCN) configuration. In MOCN configurations only the radio access network shared, whereas in GWCN configurations also the SGSN and the MSC shared.  Similar solution as MOCN sharing can in SAE / LTE architecture be supported where the MME / UPE belongs to each operator and the Node Bs are shared among the operators.

The support of Network Sharing is based support for multi-to-multi relationship between Node Bs and MME/UPEs (S1-flex).
7.X.2
Solution for Key Issue Network Sharing
Figure 7.X.2 illustrated the case when 2 operators are sharing the base station sites (Node B) but having their own MME / UPEs.
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Figure 7.X.2
Network Sharing in SAE/LTE based on S1-flex configuration
7.X.3
Impact on the baseline CN Architecture

Editors Note: It is FFS whether there is any particular impact. 

7.X.4
Impact on the baseline RAN Architecture

Editors Note: It is FFS whether there is any particular impact. 

7.X.5
Impact on terminals used in the existing architecture
Editors Note: It is FFS whether there is any particular terminal impact.
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