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Introduction


Network sharing may be used to lower the initial rollout cost for new radio networks. In addition, network sharing is a possibility for operators lacking for example a 3G license to be able to deliver 3G services. The Technical Report 22.951 “Service Aspects and Requirements for Network Sharing” has been written in SA1 to evaluate the need for particular support for shared radio networks in 3GPP Release 6. The report in SA1 is to be presented at next SA plenary for approval. This discussion contribution aims at identifying the key technical problem areas to be investigated in order to fulfil the requirements in TR 22.951. As will be seen in the sequel, the identified problem areas are related to several TSG’s specifications. To continue the network sharing work it would hence be beneficial to handle the work in SA2 before taking it further to other TSG’s.

The technical report in SA1contains scenarios and requirements for 3G networks that are shared between multiple operators. The scenarios range from pure network element sharing (without sharing radio resources) to cases where both network elements and radio resources are shared. The requirements cover issues like:

· Network identities and user classification,

· Network selection and network name display,

· Mobility (service continuity, roaming, handover),

· Security, and,

· Charging.

By introducing in 3GPP the possibility to connect multiple operators' core networks to the same RAN, a single sharing solution is obtained for the case when both the network elements and the radio resources are shared.  This general solution is in the sequel of this document denoted "Multi Operator Core Network" (MOCN) and it is illustrated below in Figure 1. By standardizing one solution it is possible to cover a large range of business situations that often occur when the RAN is shared. Next, the problem areas for the MOCN solution are outlined.
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Figure 1. Illustration of Multi Operator Core Network Solution (MOCN).

Discussion


The 3GPP Release 6 MOCN concept introduces a number of new requirements to the network and user equipments. This section attempts to identify some of the challenges for which solutions are needed in Release 6. The section also indicates the relevant 3GPP TSG’s to the respective problem area.

Routing of UE originated initial signalling

The following figure illustrates one of the issues associated with MOCN: the selection of the core network to which the connection should be routed. The selection of the core network may consist of an initial routing decision, but there must most likely also be a possibility to re-route the connection in a second step in case the call is not routed to the correct network in the first round.

When the UE initiates a signalling connection establishment with the network, it first establishes the RRC connection and subsequently it sends the first NAS message to the network in the RRC Initial UE message. At this point the RNC initiates a signalling connection establishment towards the core network and it then forwards the first NAS message from the UE to the core network.
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The destination core network has to be selected based on the information in RRC Initial UE message. One possibility would be to reuse IDNNS from Iu flex. IDNNS could contain some new information applicable for selecting a particular CN or TMSI/P-TMSI allocation could be coordinated between the core network operators participating to the MOCN.

It seems possible that the routing decision can not always be correctly made. The potential reasons for this are e.g. following:

· Pre-Release-6 UEs do not support new identities if such are introduced into IDNNS or RRC Initial UE message.

· UEs may not always have a valid TMSI/P-TMSI from which to generate the IDNNS (if IDNNS is used for selecting the operator)

· Due to interworking with pre-Release-6 networks or other operator agreements, the network (or core network node) in which TMSI/P-TMSI was previously allocated does not coordinate the allocation between the CN operators in MOCN.

So it is possible that the RAN in some situations selects a not appropriate CN operator, e.g. the selected CN operator does not have roaming agreement with the user's home network. To cope with such situation, some sort of rerouting procedure might be needed in the Iu interface.

Potentially impacted other 3GPP TSGs: RAN2, RAN3, CN1

Impacts to Iu Flex

The IDNNS in the Iu flex concept could be used in case of MOCN too. This could be achieved e.g. by operator's coordinating the allocation of TMSIs and P-TMSIs, which would have the benefit that the routing solution would not imply requirements to pre-Release-6 terminals. However, the coordination of TMSI/P-TMSI has an impact to the amount of availalable CN node identities and temporary identities. Also the impacts of roaming from a non Iu flex network to a MOCN may be an issue.

Potentially impacted other 3GPP TSGs: RAN2, RAN3, CN1, CN4

Upper layer signalling and Send Sequence Number

The mobile stations have one associated send state variable V(SD) ("Send Duplicated") for each upper layer message flow. The send state variable denotes the sequence number of the next in sequence numbered message in the flow to be transmitted. The value of the corresponding send state variable is incremented by one with each numbered message transmission. When the RR connection starts with a core network of Release 99 or later, arithmetic operations on V(SD) are performed modulo 4. At the time when such a message to be numbered is designated for transmission, the value of N(SD) for the message to be transferred is set equal to the value of the send state variable V(SD). For the upper layer message flow, when accessed by a release 99 or later mobile station, the core network discards any message whose N(SD) is not the increment by one (modulo 4) of the N(SD) of the last accepted message. If the RNC is not able to always select a core network appropriate to provide service for users and rerouting is needed, then the core network node to which rerouting has taken place has to know what send sequence number it should expect to receive in the next uplink upper layer message from the UE. For example the first CN node may have to perform an identification procedure before it makes the rerouting decision. 

Potentially impacted other 3GPP TSGs: RAN3, CN1

Context transfer between SGSNs/MSCs due to rerouting

If the mobile originated initial NAS signalling needs to be rerouted, it may have some implications to context transfer between MSCs/SGSNs. E.g. inter SGSN routing area update and associated packet forwarding for an UE in PMM-CONNECTED state may require some changes to GTP specification. Secondly, some optimisations to context transfer (e.g. transferring security vectors) might be feasible.

Potentially impacted other 3GPP TSGs: RAN3, CN4

Handling of inbound roamers

The handling of international roamers is a challenge in MOCN. All the sharing partners in MOCN would of course like to have all the international roamers into their own core network to maximise the revenue. Thus some mechanisms are required to gain control of the situation. It is anticipated that the sharing partners make an agreement how the international roamers are shared between the sharing partners. This might be done for example by sharing evenly the roamers among sharing partners (e.g. 3 partners => each get 33,3% share of the international roamers), or the sharing could be based on the existing market share of sharing partners within in the country or sharing area. Other criteria might be needed too to define the share of roamers for each sharing partner.

Another issue having impact to distributing roamers is the roaming agreements the sharing partners have. The following figure illustrates an example scenario of 3 sharing partners.
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The ovals in the above figure present the sets of roaming agreements that each operator has. Two key situations may happen in the shared network:
  

· Only one of the sharing partners has a roaming agreement with a roaming partner.

· More than one of the sharing partners have a roaming agreement with a roaming partner. 

The fair sharing of roamers is relevant in the case when more than one of the sharing partners have a roaming agreement with the same operator. Technically the sharing of roaming partners is related to the selection of core network operator by the radio network when routing the initial access signalling from the UE.

Potentially impacted other 3GPP TSGs: RAN3, CN1

Manual network selection

In manual network selection the users shall be able to select a particular network operator among the core network operators in MOCN. In practice this means that some information about the core network operators has to be transferred to the UE. This is information transfer is not possible in Release 5. Also the UE should be able to indicate the selected core network to the network during connection establishment.

Potentially impacted other 3GPP TSGs: RAN2, CN1

Network name display

The terminal shall always display the name of the core network operator the user has registered with. It is understood that this is not fully supported for all the scenarios in TR 22.951 by current standards.

Potentially impacted other 3GPP TSGs: CN1

Using the Gs interface and Network operation mode

The Release-5 network broadcasts NAS System Information, which among other information tells the UEs the Network Mode of Operation (NMO). Since only one NMO indication is broadcast in the Release-5, either all core networks in MOCN has to use same NMO, or changes to NAS information broadcast are required.

Potentially impacted other 3GPP TSGs: RAN2, CN1 

Summary and Conclusions


This contribution attempted to identify some of the areas that have to be studied in the context of multioperator core networks. The preliminary analysis of the challenges point out that the MOCN solution most likely has an impact to several TSGs' specifications. Thus it would be beneficial to outline the technical concept for MOCN in SA2, before the more detailed work is carried out in other TSGs. The time schedule for the continued work could be as follows:


· December 2002: Approval of a work item in SA2 for the technical report.

· January/February 2003: working on the technical report.

· March 2003: Start of specification work in CN and RAN groups.
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