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This contribution proposes input for the RAN3 internal TR 3.018 section 6.11 “Network Sharing”. A use case for a network sharing scenario and first considerations of impacts on interfaces as well on operational aspects of shared networks in LTE are elaborated in this contribution.
1 Introduction
Enhanced network functionality was introduced into 3GPP Rel. 5 and was finally completed in Rel.6. At this time most operators had already deployed considerable parts of their network. Network Sharing in LTE shall be possible right from the initial deployment to enable operators to benefit from considerable cost savings right from the first deployment.

1.1 Use cases
Description of generall network sharing requirements

Traditional functions for network sharing since 2G shall be supported in LTE as well

Necessary functionalities considered in this contex are:

· Support of the search for higher priority PLMNs (“background search” as defined in [TS 22.011])

· Access restrictions on Location/Tracking area level and
· EPC Reject causes to support national roaming similar to the ones known from UMTS and GSM with the appropriate UE action as specified in [1] 

· Support of the concept of equivalent PLMN (ePLMN) similar as described in [2] and the subsequent UE behaviour (e.g. with regard to PLMN selection, cell selection, cell reselection etc)

· Functions similar to “IMSI based handover” with need to get certain UE related information down to the eNB (e.g. at least parts of the IMSI to take the right decision).

· Functions to avoid unnecessary measurements of neighbour cells not belonging to a ePLMN (similar to SIB18)

· Support of “ACBOP” like functionality for shared networks in LTE

1.1.1 Description of the common shared spectrum network sharing scenario

In this scenario, two (or more) operators share one (or more) LTE-licensed spectra. This scenario has the following benefits:

(i) the cost for building the radio access network (where most of the investments are) can be shared by the core network operators thereby reducing the investments needed, for example, in early phases of the network rollout or when building coverage in remote areas where the network is not limited by capacity but rather by coverage, 

It shall be possible to completely separate the core networks (as in the MOCN in 3G Rel-6) so that interactions between the core network operators are minimized. The scenario is sketched in the figure below. 
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Figure 1: Common shared spectrum network sharing scenario
Necessary functionality:

· In order to allow international roaming customers to select their preferred core network operator, broadcast of multiple PLMN Ids, as specified for Rel.6 is needed. For manual selection, the available core network operators shall be indicated as if they were available in non-shared networks. 

· From customer point of view shared networks shall be transparent towards the customer. Handover to other networks, e.g. non-shared LTE networks, 3G, and 2G networks shall be performed as in a non-shared network. 

· Customers shall be served by their home core network or in case of international roaming customers by a core network chosen either by manual- or automatic network selection. This will be subject to roaming agreements between the user’s home operator and the chosen core network operator. 

· Control of handover to other networks, i.e. 2G, 3G and different LTE networks, shall be possible on a per core network operator basis. This is important since these networks may be overlapping with the shared LTE network and the core network operators may have different strategies of where services shall be produced. Whether the SNA functionality in 3G networks shall be adopted or not is FFS. 

· …

1.1.1.1 Impact on interfaces and nodes involved in this scenario

S1 Interface

The scenario is independent of the functional split between the MME and UPE and it also applied to the case when the MME and UPE are collocated (the actual choice is still not decided within 3GPP SA2). 


· It shall be possible for an eNodeB to be attached to multiple MMEs/UPEs that can be operated by different core network operators. This would reuse the S1-flex functionality already considered in TS23.882 for pooling of core network resources in non-shared networks.

· Since all SAE/LTE UEs will support network sharing, redirection between core network operators is not required over the S1 interface. This implies a significant decrease of complexity compared to 3G MOCN, where non-supporting UEs needed to be supported in the MOCN. 

X2 interface

Since the X2 interface is internal between eNodeB’s in the shared network, no impacts are foreseen on the X2 interface as compared to a non-shared network. For handovers to other LTE networks, e.g. if the operators that share the spectrum in certain areas also have their own dedicated LTE networks in other areas (see the figure above), X2 interfaces to these eNodeB’s, coordination of addresses etc may be necessary. It is important to note, though, that if X2 interfaces are lacking for this scenario, no UPE relocation would be necessary if the UPE also services the non-shared LTE network to which the handover is done. Avoiding UPE relocation in active mode is important since this is considered to be a quite rare event and therefore may not need to be fully optimized.
1.1.2 Description of the geographical split network sharing scenario:

The “geographically split networks sharing” scenarios as described in [3], is one promising scenario for a cost efficient and fast deployment of LTE networks in future.
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Figure 2: Geographically split shared radio networks

scenarios with dedicated core networks

In this scenario, two (or more) operators with individual licenses will with their respective radio access networks cover different parts of a country but together provide coverage of the entire country. 
In overlapping areas as depicted in Figure 2 operators typically compete amongst each other. Each operator deploys its own network infrastructure to allow tailor made coverage and capacity to serve their own customers.
Necessary functionality:

· In order to allow international roaming customers to select their preferred core network, broadcast of multiple PLMN Ids, as specified for Rel.6 is needed.

· From customer point of view shared networks shall be transparent towards the customer. Handover between radio access networks of different operators shall be as performant as within a single operators network. 

· Customers shall be served by their home core network (national customer case) or in case of international roaming customers by a core network chosen either by manual- or automatic network selection (an existing roaming agreement between the home core network operator and the visited core network is assumed for all cases described in this contribution).

· Access right/restriction management on TA bases shall be applicable to prevent customers to attach to an EPC other than the home core network, or in international roaming case other core networks than the actual chosen ones.
· Control of handover to other networks, i.e. 2G, 3G and different LTE networks, shall be possible on a per core network operator basis. This is important since these networks may be overlapping with the shared LTE network and the core network operators may have different strategies of where services shall be produced. Whether the SNA functionality in 3G networks shall be adopted or not is FFS. 

1.1.2.1 Impact on Interfaces and nodes involved in this scenario

It’s assumed that interfaces as depicted in Figure 3 are needed to operate a seamless geographically split shared radio network.
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Figure 3: Geographically split shared radio networks and involved interfaces

S1 Interface

Impact on S1 interface can be seen on the question of relocation and which entity of the EPC shall be relocated.

Currently the functional split between MME and UPE are still FFS in 3GPP WG SA2. In context of network sharing and in order to keep complexity and coordination between operators as small as possible, S1 relocation of MME from one operator to another operator while still keeping the UPE of the home core network operator can be seen as beneficial.
· By keeping the UPE, charging and packet inspection can be handled by the home operator or the chosen operator in international roaming case

· By keeping the UPE, Security is terminated by the home operator or the chosen operator in international roaming case

· As the functional split between MME and UPE is FFS, its open whether QoS control can be handled in the UPE of the home operator or not

· Relocation of MME from one operator to another operator (see figure 4) would avoid duplication of configure data in MME as only parameters of the own operated networks have to be maintained. Subsequently this would avoid the need of exchange large amount of configuration data, and would thus allow independent network deployment and planning for each operator.
According to the example given in figure 4 the requirements and necessary procedures required from the network differs on the position of customers.

Area (1)

· Customer of operator A are served as within a non shared network

· Customers of operator B would be able being served by the RAN of operator A

· It’s assumed a UPE of operator B and MME of operator A would serve the customer

· International roaming customers could chose, thanks to multiple PLMN Id broadcast, to which core network operator they want to be connected too.
· In case an international roaming customers chooses core network operator A, a UPE and MME of operator A would serve the customer

· In case an international roaming customers chooses core network operator B, it’s assumed a UPE of operator B and MME of operator A would serve the customer

Area (2)
In this area, access rights or restrictions would force customers being served only by their home core network or in case of international roaming customers only by the chosen core network operator.

· Customer of operator A are served as within a non shared network

· Customer of operator A would be allowed to connect to core network operator A

· Customer of operator A would be blocked to connect to core network of operator B

· Customer of operator B are served as within a non shared network

· Customer of operator B would be allowed to connect to core network operator B

· Customer of operator B would be blocked to connect to core network of operator A

· International roaming customers could chose to which core network operator they want to be connected too.

· International roaming customers are served as within a non shared network

Area (3)

· Customer of operator B are served as within a non shared network

· Customers of operator A would be able being served by the RAN of operator B

· It’s assumed a UPE of operator A and MME of operator B would serve the customer

· International roaming customers could chose, thanks to multiple PLMN Id broadcast, to which core network operator they want to be connected too.

· In case an international roaming customers chooses core network operator B, a UPE and MME of operator B would serve the customer

· In case an international roaming customers chooses core network operator A, it’s assumed a UPE of operator A and MME of operator B would serve the customer
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Figure 4: Geographically split shared radio networks, mobility and relocation of MME
Issues for further study:

· How to avoid coordination overhead between operators on RAN identifiers e.g., eNodeB identifiers?

· Possible solution, to mandate globally unique identifiers

· How to avoid coordination overhead between operators on TNL addresses e.g. eNodeB IP addresses?

· How to avoid coordination overhead between operators on database parameters? E.g.

· How does the eNodeB find the right MME/UPE for UEs in the shared RAN area?

· How are parameters efficiently exchanged/aligned between shared networks e.g. in case of deployments of new nodes (eNodeBs or EPCs)

X2 Interface
Two possible options:

1. X2 configured between sharing partners:
Intra LTE mobility procedures would be used as in single operator case. However the following issues in case of network sharing are FFS:

· How to avoid coordination overhead between operators on RAN identifiers e.g., eNodeB identifiers?
· How to avoid coordination overhead between operators on TNL addresses e.g. eNodeB IP addresses?
· How to avoid coordination overhead between operators on database parameters? E.g.
i. How are parameters efficiently exchanged/aligned between shared networks e.g. in case of deployments of new nodes (eNodeBs or EPCs)

2. No X2 interface configured between sharing partners:
In this case relocation of S1 for UEs in active mode would be needed. Detailed procedures are FFS.
2 Summary/Conclusion
Cumbersome exchange or coordination between operators on configuration data e.g. TNL addresses and identifiers on application level shall be avoided in order to enable efficient network sharing.

This is enabling operator to independently deploy their networks, while still benefiting from network sharing.

It’s proposed to introduce the text from section 1 into the appropriate section in the RAN3 internal TR R3.018, and to study further the impact of network sharing on interfaces and procedures in responsibility of RAN3.
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