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This chapter is designed to provide the student with an overview of the WCDMA Systems layered network model and its interfaces. 

OBJECTIVES:

Upon completion of this chapter the student will be able to:

· Draw a 3G PLMN based on CN 1.5 including all nodes for CS user data and packet switch

· List the different interfaces of a WCDMA Systems network

· Explain how user data is mapped in each interface
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ıntroductıon to layered network archıtecture

The key to the implementation of 3G systems is to move away from the traditional “vertically integrated” networks, for example, PSTN, PLMN, ISDN etc. where very different functionalities such as transport, control and services are combined in one and the same network element. The limitations of this type of architecture such as service portability may be overcome by moving towards a horizontally layered architecture. Here the WCDMA Systems Network is divided into three layers (as shown in Figure 1-1): 
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 SEQ Figure \* ARABIC 1 Layered WCDMA network architecture

Connectivity Layer

All services will use the same transport network, which forms the connectivity layer. Here everything to do with the transport and manipulation of user data is handled 

Control Layer

Provides control for specific services, for example call control and session management. Network specific. 
Application Layer

In the final layer, the generic applications that may be used by all types of services are located. These could be, for example, IN applications.  

Architecture Split

Many of the nodes within the current GSM/GPRS/EDGE architecture perform the roles of connection control and bearer control. For example, the Mobile Switching Center (MSC) performs call control functions such as B-number analysis and IMSI analysis to determine user plane and control plane routing, as well as bearer control, comprising tasks such as physically switching user plane connections and managing bearer (route) resources.  A similar example may be made of the SGSN for GPRS.  This is fundamentally incompatible with the horizontally integrated network model specified for 3G networks.  Consequently, there is a need to split nodes into their respective functions

For Circuit Mode services, Ericsson has chosen to “split” the MSC as a two-step process.  Firstly, the MSC internal software structure will be modified such that call-control and bearer-control are logically separated within the same node.  This will happen in Ericsson implementation CN 1.5. The second step allows physical separation into server and MGW as illustrated by Figure 1-2. This will happen in Ericsson implementation CN 2.0.

For packet mode services, Ericsson had planned to split the SGSN in release CN 4.0, however, 3GPP (the UMTS standardization body) have removed the SGSN architecture split as a requirement, such that it is unlikely to happen.
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The Connectivity Layer
Within the connectivity layer, all user data is transported, routed and switched. The main node in this layer is the Media Gateway (MGW), but apart from this, the connectivity layer also contains the Gateway GPRS node (GGSN) functionality and ATM/IP products that form the backbone network. The Media Gateway provides access to other networks, such as the PLMN, PSTN, ISDN etc. When combined with GGSN functionality, the MGW can also access an IP network. The media gateway may be present either as a combined AXE10 MSC server/MGW, a standalone AXE10 MGW or a Cello-based MGW. 
Media Gateway functions

· Packet data handler
· Coding/decoding, echo canceling, protocol conversion etc.

· Access switch for ATM backbone switches

· Establishes bearer connections

· Contains as embedded real-time IP router

· Controlled by MSC and GSN servers via Gateway Control Protocol (GCP) 

GGSN functions
· Located on WPP platform or in MGW

· Address translation - IP to IMSI

· Packet forwarding

· QoS handling

Transport technology 

As well as the MGW and GGSN nodes, the connectivity layer also contains the transport nodes and backbone network of the Core Network. Currently the GSM backbone is STM carried over SDH/PDH. The operator can choose to stay with that or migrate to an ATM or IP based backbone. 

To the network operators, Ericsson is selling the multi-service Packet Backbone Network (PBN), as a solution for both wireline and wireless networks. The PBN is based on both IP and ATM and it is tightly integrated with a comprehensive suite of management tools. Real-time, Internet and business traffic are all delivered to the PBN via the access layer. The backbone layer then performs aggregate functions. Within the PBN are 4 platforms:

· AXD 301 high performance ATM switch

· AXI 540 edge aggregation router

· AXI 520 IP Core routers 

· AXI 580 Core router. 

The Control Layer
Located in the Control Layer are the servers that provide control of the call or session and signaling. The two main nodes are the MSC server and SGSN W. The MSC node may be present as an MSC/VLR, GMSC, TSC or STP. 

MSC Server functions

· Call control - teleservices, bearer services, supplementary services
· Mobility management, for example, handover, roaming etc.

· Charging control
SGSN W functions

· Session management

· Mobility management

· Charging control

Other nodes:

HLR - The Home Location Register is a network database for mobile telecommunications. The HLR holds all mobile specific subscriber data and contains a number of functions for managing this data, controlling services and enabling subscribers to access and receive their services when roaming within and outside their home PLMN.  The HLR communicates with the GSNs, MSCs and other Network Elements via the MAP protocol.

AUC - The Authentication Center contains functions for secure storage of individual subscriber identifiers and keys.  AUC also includes algorithms necessary for generating authentication and ciphering data, based on the subscriber keys.  This data, provided by the AUC upon request, is used by different Network Elements to protect the network, users and operators against unauthorized use of a system.

FNR - The Flexible Number Register accommodates translation functions necessary to de-couple end-user identities from the actual network databases holding end-user data.  These translation functions are essential in order to be able to easily reconfigure some of the network databases because of a growing number of end users, for example.  The translation function also allows end-users to keep their identities when changing from one administration to another.

EIR - The Equipment Identity Register is a network database holding information specific to Mobile Station (MS) equipment. For example, the EIR contains a list of MSs reported stolen.  The EIR is typically interrogated by means of the MAP protocol from, for example, Network Elements providing access into the PLMN (MSC and SGSN Ws).

SMS-C - As well as the functions already described for the MSC Server, the MSC server also houses the interworking and gateway functionality necessary to act as an SMS-Interworking MSC (SMS-IWMSC) and an SMS Gateway MSC (SMS-GMSC) for the Short Message Service.  A Message Center (MC), which handles SMS messages, is often referred to as an SMS-C.
The Application Layer
The new service concept for WCDMA Systems is to have no new standardized services but instead to have a standardized set of Service Capabilities, which may ultimately be used by all networks.  These are contained in the Application Layer together with Application Servers. This application layer forms the Service Network. Within this Service Network, the Service Capability Servers (SCS) interface with resources in the Core Network and with the Application Servers to negotiate the service capabilities needed for a specific application. The SCS are located on the interface between the two networks. Locating SCS and Applications outside the Core Network will result in: 
· Service differentiation between operators

· Personalization of services between end-users

· Convergence of services between different networks 

From the WCDMA Systems point of view, this approach means that the subscribers can have access to the same set of services, with the same look and feel, wherever they are (Virtual Home Environment (VHE) concept), whilst giving the operator greater opportunities for service differentiation. This concept is realized by the set of Service Capability Servers (SCS). For Phase 1 that are three available: 
Service Capability Servers (SCS)
· Customized Application for Mobile Enhanced Logic, CAMEL - IN for Mobile

· SIM Application Toolkit, SAT

· Mobile Execution Environment, MExE

MExE will use two Application Content Servers WAP and Java for features such as Web-browsing and Application download.

SAT may also be used for application download but is more commonly used for security related features such as authentication.  

Application Content Servers

•WAP
•Java

WCDMA SYSTEM Network Topology
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 SEQ Figure \* ARABIC 3 The WCDMA Systems CN 1.5 Network Topology 
The basic WCDMA Systems R1 network architecture, also showing the GSM access, is shown in Figure 1-3, which outlines the central node topology only. The HLR, AuC and EIR nodes are common for both WCDMA Systems and GSM systems as well and directly upgraded from a previously existing GSM network. The SGSN function handling PS bearers towards GSM/BSS and WCDMA RAN will be hosted in dedicated nodes, referred to as SGSN G and SGSN W. Both are applications based on the same SW and HW platform as well as Charging and O&M concept. These nodes connect via a backbone to GGSN. The core network nodes are furthermore in contact with a set of service capability servers, which are not shown in the figure either. 

The Core Network 

The Core Network covers both control and user plane in the control and connectivity layers of the three-layered WCDMA Systems model, as it is shown in the bounded area by dashed line in the following picture;

RNC is part of the WCDMA RAN but it is also the access point towards the Core Network (Iu).

The WCDMA Core network for the Circuit-switched domain includes mainly the MGW functionality in the connectivity layer and the MSC servers in the control layer apart from other control nodes (HLR, AUC…).

The WCDMA Systems core network for PS domain covers the SGSN and GGSN functionality’s and other support nodes like DNS or NTP. 

Other connectivity network nodes present in the connectivity layer such as ATM switches or IP routers have the task to provide bearers between the different WCDMA nodes in the network. Those nodes are transparent to the upper layers and the bearers they provide are used to transport user plane and signaling information.

erıcsson core network releases

To facilitate early delivery of WCDMA Systems products and to ease the transition for existing customers, Ericsson is implementing the Core Network in several releases.  Each release improves functionality over the previous release.  The terminology used to denote each release is simply CN x.y, where CN stands for Core Network and x.y gives the release number.

It should be noted that in the short term, the Core Networks for circuit mode and packet mode services are essentially separate.  Circuit mode services use an AAL2 network, while packet mode services use an IP network.  It is possible to integrate these networks at the ATM layer by using IP over ATM for the packet mode services.  

Due to the separation of the Core Network technologies, the terminology CS-CN is often used to denote the Circuit Switched Core Network.  The Packet Switched Core Network is fundamentally the same as the GPRS data network (although higher capacity GPRS Serving Nodes are required). 

The Core Network development projects are time-aligned with the WCDMA Radio Access Network (RAN) development projects such that each Core Network release corresponds to a WCDMA RAN release.  The WCDMA RAN releases are denoted Rx.y where x.y follows on from the GSM release number.  As such, the first commercial WCDMA RAN release is R9.0 and corresponds to CN 1.5. The roadmap for WCDMA Systems releases is shown in Figure 1-4.
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CN 1.0 (R8.1)

CN 1.0/R8.1 was designed to be a basic WCDMA SYSTEMS only test system (not suitable for live service) offering approximately equivalent functionality to that available in GSM today.  CN 1.0 will not be sold to any customer and so will not be examined in further detail.

CN 1.5 (R9.0)

The first commercial release of Ericsson’s WCDMA Systems solution is CN 1.5/R9.0.  One of the main objectives of CN 1.5 is to satisfy the very strong demand for evaluation and early commercial WCDMA Systems.

CN 1.5/R9.0 will reach General Availability (GA) for GSM features; however, the WCDMA Systems specific part will have limited availability.

Basic Core Network CN 1.5 configuration

The Core Network for Circuit Mode services in CN 1.5 uses STM technology. Neither GCP nor BICC are supported. Therefore, call control and the user plane are not separated within the Core Network.  The WCDMA Systems transcoder will always be placed in the MSC/VLR.  The transcoders for GSM remain in the BSS. For call control, N-ISUP is used and no external GCP is required.

For CN 1.5, support for ATM in the Core Network is not required, so neither Q.AAL2 signaling (Q.2630) nor ATM Signaling Terminals between Core Network nodes will be implemented. 

Figure 1-5 shows a CN 1.5 configuration with Ericsson’s Cello Packet Platform (CPP) working as an ATM/AAL-2 cross-connect, concentrating traffic from the WCDMA RAN.
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New Functionality within AXE 10 nodes

Products released at CN 1.5 are able to support GSM and WCDMA Systems functions simultaneously. It is possible therefore, to provide an MSC with both A-interfaces and Iu-interfaces. GSM (at R8.0 functionality) and WCDMA Systems calls can be served in parallel with their respective features. 

At the Iu interface (MSC Server ( WCDMA RAN), ATM is used. All other interfaces, including the A-interface, support only STM.  These STM interfaces are used for signaling as well as for speech and data.

The ability to select a MGW in such a way that transcoders are placed as close to the edge of the network as possible in order to conserve Core Network bandwidth (that is, Codec at the Edge) will not be realized.

Functionality within Cello Nodes

Figure 1-6 below shows the Cello Media Gateway R1.0 (C-MGW R1.0). C-MGW R1.0 provides ATM cross-connect functionality; that is, ATM switching with operator administered Permanent Virtual Circuits (PVCs) (no bearer control signaling). Because servers cannot control this product and because it has no stream manipulating devices such as speech coders, it is not a true Media Gateway.
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In some markets (particularly European markets), the use of C-MGW R1.0 is not strictly necessary and Radio Network Controllers (RNCs) may be directly connected to MSCs using the ALI.  For the Japanese market, Cello MGW1.0 is needed as the ALI only supports ETSI STM-1 (SDH 155.52 Mbit/s) at the physical layer; therefore, the cross-connect will convert between the Japanese standard, TTC and ETSI.

Depending on the customer’s needs there can be some major arguments for having C-MGW R1.0 as an interface to the RNCs, even if not strictly required.

Benefits for using the C-MGW are:

· Different speeds (1.5/2, 34/45, 155 Mbit/s) and standards (TTC, ETSI, ANSI) developed for Cello but not for ALI.

· Better statistical multiplexing; all traffic is transported on high-speed links to/from the core/access network.

· C-MGW R1.0 can be part of the Core/Access network providing ATM/AAL2 switching. This can be used to provide the Iur interface between RNCs.

· Good migration, since C-MGW R1.0 can be upgraded with true MGW (C-MGW R2.0) and RNC functionality.

CN 2.0 (R9.1)

The overall aim of CN 2.0 is the introduction of the new node and network architecture (refer to Figure 1-7). The physical split between circuit mode servers and MGWs is utilized and call control and bearer control protocols are realized thus implementing a horizontally integrated network.  In addition, as a part of the R9 project, Ericsson has developed a true external media gateway based upon the Cello Packet Platform.
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CN 2.0 supports ATM/AAL2 backbones in addition to the existing STM architecture.

With the new release, a MGW may be selected in such a way that Codec at the Edge is supported in a limited number of cases as shown in Figure 1-8 XE "Codec at the Edge" .  Specifically, the chosen MGW must connect to both the RNC and the terminating ISDN/PSTN network and be controlled by both the MSC server and the GMSC server such that no AAL2 link is required between MGWs—only 64kbit/s bearers are supported across the Core Network.
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core Network Interfaces
Circuit-switched network

Figure 1-9 illustrates the supported interfaces in a 3G circuit-switched (CS) core network. In the interface names UP shows User Plane and CP shows Control Plane.
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A Interface

The interface between MSC Server and BSS carries information concerning BSS management, call handling, and location management.
Iu Interface

The Iu interface is the new interface between the MSC and WCDMA Radio Access Network (WCDMA RAN). The RANAP protocol is implemented over this interface. The user data part of the Iu interface carries end-user IP traffic encapsulated in GTP-U transported over UDP/IP/AAL5/ATM between the CN and WCDMA RAN.
Gs Interface
The Gs interface, between the MSC and SGSN, is used towards the MSC server for mobility management purposes:

· Combined location updating (routing area and location areas)

· Combined periodic location updating for CS and PS services

E Interface

The 3G MSC/VLR-2G MSC/VLR interface is a MAP interface for supporting inter-MSC mobility in GSM and mobility between the GSM network and WCDMA network.

G Interface

The MSC-MSC interface is a MAP interface for retrieval of identity and authentication parameter form the old MSC server when the mobile subscriber initiates location registration in a new MSC server

CAMEL Interface

Customized Application for Mobile network Enhanced Logic (CAMEL) provides mechanisms to support operator specific services when roaming outside the HPLMN by using IN principles.

C Interface

The MSC – HLR interface is a MAP interface used to perform the interrogation needed to set up calls to a mobile subscriber. To forward a short message to a mobile, the SMS gateway MSC interrogates the HLR to obtain routing information. 

D Interface
The MSC-HLR interface is a MAP interface used to exchange data related to the location of the MS and to the service management of the subscriber.

Packet-switched Network
Packet-switched (PS) Core Network interfaces are shown in Figure 1-10.

Gs Interface
The Gs interface is used towards the MSC server, with BSSAP the protocol. 

Iu Interface

The RANAP protocol is used over this interface between the WCDMA RAN and SGSN. 

The user data part of the Iu interface carries end-user IP traffic encapsulated in GTP-U transported over UDP/IP/AAL5/ATM between the CN and the RAN.

The Iu interface is also used for SGSN control signaling between the RAN and CN.  The RANAP protocol transported on SCCP/MTP3-B/SSCF/SSCOP/AAL5/ATM is used over this interface to support mobility and session management signaling between the mobile terminal and the CN.
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Gr Interface

The SGSN W supports the standard Gr interface towards the HLR.  MAP signaling is used over this interface in order to support storage/retrieval of subscriber data.

Gb Interface
The Gb interface is used for the SGSN W control signaling towards the BSCs in the GSM radio network.  The BSSGP protocol is used over this interface in order to support mobility and session management.

The BSS interface supported is E1 or T1 in the SGSN and combined SGSN/GGSN configurations.

Gn Interface

The Gn interface is used both for control signaling (for mobility and session management) between the SGSN and GGSN, as well as for tunneling of end-use data payload within the backbone network.

On the Gn interface the GTP-C protocol is used for control signaling between SGSN and GGSN.  The GTP-C protocol runs over UDP/IP.  Control signaling packets are treated with the highest priority in the CN.  The GTP-U protocol is used for tunneling user plane data over the Gn interface.  Tunnel mapping is implemented according to the GTP-U flow label ID.

Ericsson’s product includes interfaces based on E1/T1, SDH/Sonet and Ethernet. 

Gp Interface

The Gp interface is used to control signaling when the GSNs are located in different mobile networks. Gp provides a subset of Gn functionality.

Gi Interface

The Gi interface is used to transport end-user IP data between the mobile network and external IP networks.

The Gi interface is used for GGSN server control signaling towards ISP servers located in IP networks.  

The GGSN MGW function also supports the Gi interface. It is used to transport all end-user data between the WCDMA Systems CN and external IP networks.

User plane ınterfaces

Interfaces and protocols

The user plane, sometime also referred to as the connectivity layer, could be seen as a layer of distributed resources for managing user data (and signaling) flows. The user plane functions are primarily handled by the GGSNs and the MGWs, located at the edges of the core network. Figure 1-11 shows the basic WCDMA network structure and WCDMA interfaces between the nodes. Note that pure GSM and GPRS interfaces are excluded in this figure. 

Iub is the interface between the RNC and the WCDMA RBS (also called Node B).  Iu, the interface between RNC-MSC and RNC-SGSN, is connected to MSC and SGSN through the ATM cross-connect (MGW). In ATM cross-connect, packet-switched and circuit-switched traffic are separated and sent to MSC (CS traffic) and SGSN (PS traffic). SGSN and GGSN are connected via Gn interface through an IP router. The purpose of using IP router is to enable connection to service network and operation and maintenance network together with the PS traffic. The CS traffic passes from cross-connect through MSC and is connected to PLMN/PSTN networks with a direct PCM connection. The PS traffic is connected to the external networks (ISP in figure) through Gi interface.
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The mapping of user data on each interface is given in Figure 1-12. Note that L1 in the bottom of Iu protocol stack shows the OSI layer 1 (physical medium). The other protocols are:

PDCP (Packet Data Convergence Protocol): This transmission functionality maps higher-level characteristics onto the characteristics of the underlying radio-interface protocols. PDCP provides protocol transparency for higher-layer protocols. PDCP supports e.g., IPv4, PPP, OSP, and IPv6. PDCP is specified in 3G TS 25.323.   

RLC (Radio Link Control): Provides a radio-solution-dependent reliable link. RLC is defined in 3G TS 25.322.
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Figure 1-

 SEQ Figure \* ARABIC 12 User plane protocols (logical view)

MAC (Medium Access Control): The MAC protocol controls the access signaling (request and grant) procedures for the radio channel. MAC is specified in 3G TS 25.321. 

AAL2 (ATM Adaptation Layer 2) AAL2 provides bandwidth-efficient transmission of low-rate, short and variable packets in delay sensitive applications. It supports VBR and CBR. AAL2 also provides for variable payload within cells and across cells. AAL2 is specified in ITU-T I.366.2.
ATM (Asynchronous Transfer Mode) The information to be transmitted is divided into fixed-size cells (53 octets), multiplexed, and transmitted. ATM is specified in I.361. 

GTP-U (GPRS Tunneling Protocol - User Plane) This protocol tunnels user data between GPRS Support Nodes in the backbone network. All PDP PDUs shall be encapsulated by the GPRS Tunneling Protocol. GTP is specified in 3G TS 29.060. 

UDP (User Datagram Protocol) UDP carries GTP PDUs for protocols that do not need a reliable data link (e.g., IP), and provides protection against corrupted GTP PDUs. UDP is defined in RFC 768. 

IPv4 (Internet Protocol version 4) This is the backbone network protocol used for routing user data and control signaling. The backbone network may initially be based on the IP version 4 protocol. Ultimately, IP version 6 shall be used. IP version 4 is defined in RFC 791. 

AAL5 (ATM Adaptation Layer 5) AAL5 Support connection-oriented and connectionless variable bit rate data Service without timing transfer requirement. AAL5 is specified in I.363.5.

Ethernet (Layer 1 and Layer 2) The terms Ethernet and the IEEE 802.3 standard are often used interchangeably. 

Physical layer

Figure 1-13 shows physical layer of the WCDMA Systems user plane. Possible Layer 1 transport mechanisms are also indicated in this figure. Note that, for some interfaces, it is possible to choose different L1 systems. 
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Figure 1-

 SEQ Figure \* ARABIC 13 User plane physical layer connections
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