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1 Introduction 

With the introduction of digital cellular mobile networks, such as GSM, mobile telephone users 

experienced the freedom of traveling and always being connected. Even with a call in progress it is 

now possible to move from one radio cell into another without the call being interrupted. The action of 

switching a call in progress from one radio channel to another to secure the continuity of an 

established call is named handover. Originally this was the case for circuit switched voice and data 

connections. As GPRS is based on the 2G GSM network, handover is working with packet switched 

data connections as well. In the packet switched domain handover is known as routing area update 

(RAU). 

With the introduction of the UMTS standard users expect the same mobility and quality in terms of 

handover as provided by the current GSM standard. Network operators have to make sure that their 

networks are capable of performing handovers where continuous connectivity is requested by the 

users. 

2 Background 

A handover has to be performed when user equipment (UE) in an active communication session 

(circuit switched or packet switched) moves from the coverage area of one base station to another 

one. The time that is needed for performing the handover procedure is critical in order to maintain the 

perceived quality of the communication, especially when the session is interactive, such as speech 

calls. 

The term "handover" is commonly used in the packet switched domain, but inter-system packet 

switched handover does not support real time due to lack of support in GSM/GPRS. However, the 

connection, called PDP context, is kept and packets are forwarded to the new position of the UE. 

The deployment of UMTS networks is already starting in urban regions with high traffic volume, while 

rural regions will not have UMTS coverage in the near future. This could be a problem for mobile users 

used to travel anywhere without losing their connection.  

Therefore, it will be crucial to perform seamless handovers between different areas having either 

GPRS or UMTS coverage. Future UMTS UE will have dual mode capability to switch from UMTS 

mode to GSM mode when moving from an UMTS coverage area to a GSM coverage area. 

The existing GSM network will be used as a seamless coverage extension to a WCDMA network 

under deployment. On the other hand, the WCDMA cells can be seen as a capacity extension for a 

GSM network with load sharing between WCDMA and GSM. 

Handover is a complicated technical procedure, especially when switching between third and second 

generation networks needs to be performed. Different signaling procedures and the re-routing of the 
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traffic channel have to take place within fractions of a second. It is obvious that intensive testing of 

these procedures is needed. Testing can either be done with real UE, if available, or by simulating the 

UE.  

Figure 1: Handovers in different radio networks 

In the case of testing with real UEs, expensive network elements, including two complete radio access 

networks with base stations, nodes B, BSC, and RNC, plus the core network are needed. The 

limitation of this test approach is the number of mobile stations  that can be used simultaneously. As 

soon as multiple handovers with various handover combinations need to be simulated, testing with 

real UE reaches its limits. 

In the case of simulating the UE on the appropriate core network interface (IuPS, GPRS Gb, IuCS and 

GSM-A) there is no additional cost for radio access network elements, furthermore the number of 

simultaneously simulated UE is theoretically not limited. 

Experience shows that networks behave differently under traffic load even when functionality for single 

users is working correctly. To maintain the expected service quality when networks evolve from 

second to third generation it is necessary to simulate significant numbers of mobile subscribers 

moving between and within different network technologies.  
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2.1 GSM 2G Handover 

In the circuit switched domain the mobile station is moving from one cell into another with an active 

voice or data connection. Depending on the target cell there is a distinction of three different handover 

types: 

 Intra BTS handover: the target cell is located in the same BTS. This handover is handled within the 

BSS. The MSC/VLR is not involved in this type of handover. A HANDOVER PERFORMED1 

message can be sent over the A-interface to inform the MSC/VLR. 

 Intra BSC handover: the target cell is located in a different BTS but connected to the same BSC. 

Intra BSC handover can be performed autonomously by the BSS. A HANDOVER PERFORMED 

message can be sent over the A-interface to inform the MSC/VLR. 

 Intra MSC handover: the target cell is located in a cell belonging to a different BSC but connected 

to the same MSC. This type of handover is executed under control of the MSC. The call has to be 

switched from one A-interface to another. 

Inter MSC handover: the target cell is located in a BSS that is connected to a different MSC. The inter 

MSC handover is executed under control of the old MSC. Signaling activity on involved A-interfaces 

and on the E-interface to synchronize the two MSC/VLR. 

In the packet switched domain (GPRS) the routing area is additional information to the location area. 

The location area can be split into different routing areas. In order to be able to forward the packets of 

an active packet connection to the new location, the network has to know the routing area the UE is 

located. The procedure is called Routing Area Update (RAU) and is controlled by the SGSN. 

Therefore the Gb-interface is involved in the RAU procedure. In addition, the SGSN can decide to 

authenticate the MS as part of the RAU procedure. 

Depending on the network configuration two different RAU procedures are defined: 

 Intra-SGSN Routing Area Update: the UE changes between routing areas managed by the same 

SGSN. The packets of the active connection are buffered in the SGSN and forwarded to the 

BSC/BTS of the new routing area. 

Inter-SGSN Routing Area Update: the UE changes between routing areas managed by different 

SGSN. The old SGSN forwards user packets to the new SGSN. 

                                                      
1 According to GSM 08.08. 
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Figure 2: GSM handover  

2.2 UMTS 3G Handover 

There are two main types of handovers in WCDMA 

 Soft Handover: The initial radio link connection is maintained when the new radio link connection is 

gained. After connection the initial radio link connection may or may not be dropped. In soft 

handover the UE may have several radio link connections active simultaneously. 

Hard handover: A "GSM-like" handover, where the "old" radio link connection is released before the 

UE accesses the network by the "new" radio link connection.  

The handover types may be different but the criteria for the handover are the same as in GSM. In 

principle the 3G handover and RAU procedures are identical to the 2G procedures. For a given 

connection between the UE and the core network, one RNC is in control. This is called the Serving 

RNC (SRNC). As the UE moves away from a Node B controlled by the SRNC, the UTRAN may take 

the decision to handover the control of the connection to another RNC. This procedure is known as 

serving RNS (SRNS) relocation. This action is invoked under the control of algorithms within the 

SRNC. 

In the packet switched domain the UE performs a RAU when the routing area ID received from the 

network is different from the ID that is stored in the USIM. The SGSN (IuPS interface) is involved for 

related signaling activities including the authentication procedure and ciphering. 
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Figure 3: Routing Area Update in the 3G Packet Doma in 

2.3 Intersystem Handover 

The 3GPP specifications for UMTS include the functionality to inter–operate with the GSM network. 

This scenario is built upon UEs capable of supporting both UMTS and GSM radio access standards. 

 The serving RNC (SRNC) takes the decision of how to perform a handover to the 2G system based 

upon measurements reported by the UE. A 3G to 2G handover is always a hard handover.  

When the SRNC realizes that the target cell for the handover does not belong to the 3G RAN, it sends 

the message "RELOCATION REQUIRED"2 to the MSC/VLR (Iu-interface) indicating the relocation 

should be done in the GSM network. The MSC/VLR searches the BSC, maintaining the GSM cell to 

which the UE should be handed over, and sends this "HANDOVER REQUIRED" message to the BSC 

(A-interface). 

In the packet switched domain the term "handover" is commonly used, but inter-system PS 

"handovers" are not supported in real time due to lack of support in GSM/GPRS. However the 

connection (i.e. PDP context) is kept and packets are forwarded form IuPS to GPRS Gb or vice versa 

under control of the serving SGSN. 

In the circuit switched domain, intersystem handover and RAU always involves the core network, as 

there are RNC and BSC involved. The active connection has to be changed under control of the 

MSC/VLR from IuCS – to GSMA-interface or vice versa.  

 

                                                      
2 3GPP TS 25.413. 
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Figure 4: 3G –2G Intersystem Handover and RAU  

3 Solution Description 

Instead of using real mobile equipment and radio networks a test system simulating the behavior of 

mobile telephone users and the radio network can perform the handover testing including intersystem 

handover testing. 

Connected to the well-standardized 3GPP interfaces between the radio access and the core network a 

traffic simulation system is able to simulate thousands of different mobile identities moving virtually 

between different locations associated and connected to 2G and 3G mobile systems.  

 

 

 

 

 

 

 

Figure 5: Handover testing with a traffic simulatio n system 
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Handover testing for 2G/3G mobile networks: 

 Simulation of the signaling traffic between GERAN and MSC / SGSN at GSM-A interface and Gb 

interface 

 Simulation of the signaling traffic between the UTRAN and 3GMSC / SGSN at IuCS and IuPS 

interface 

 Verification of circuit switched bearer channel connectivity 

Verification of packet flow for data connections 

The Nexus8610 Traffic Simulation System offers a complete solution for any kind of handover testing 

in 2G / 3G mobile networks. The test system can be connected to the GSM-A, IuCS, GPRS Gb, and 

IuPS Interfaces and is able to simulate the mobile telephone users moving within the radio access 

network and changing between the different technologies. The test system simulates thousands of 

mobile users with different identity (IMSI, IMEI) and different cells belonging to different routing areas 

and connected to different core network systems.  

3.1 GSM 2G Handover 

 The test system is connected to an MSC with the GSM-A interface, simulating mobile users 

performing GSM handovers. Signaling procedures and the bearer channel connectivity are tested. 

The calls can either be mobile-to-mobile, mobile to PSTN, or PSTN to mobile connections. A real 

HLR or an HLR that is also simulated by the Nexus8610 performs the user authentication. 

The test system is connected to an SGSN with the GPRS Gb interface, simulating mobile users 

performing GPRS handovers within the same or different routing areas. Signaling procedures and 

packet loss in the user plane are tested. 

 

Figure 6: Simulating 2G-2G Handover 
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3.2 UMTS 3G Handover 

 The test system is connected to a 3G MSC with the IuCS interface, and to a 3G SGSN with the 

IuPS interface, simulating mobile users performing UMTS handovers for circuit switched or packet 

switched operation. Signaling procedures, bearer connectivity (CS domain), and packet loss (PS 

domain) are tested. A real HLR or an HLR that is also simulated by the test system performs the 

user authentication.  

Figure 7: Simulating 3G – 3G Handover 

3.3 Intersystem Handover 

 For testing circuit switched intersystem handovers the test system is connected to the IuCS and 

GSM-A interfaces simulating 3G and 2G UE moving from 3G coverage areas to 2G coverage 

areas. Testing covers  the signaling procedures and the bearer channel connectivity. The calls can 

either be mobile-to-mobile, or mobile-to–PSTN, or PSTN–to-mobile connections. A real HLR or an 

HLR that is also simulated by the test system performs the user authentication. 

 For testing packet switched intersystem handovers the test system is connected to the IuPS and 

GPRS Gb interfaces simulating 3G and 2G UE moving from 3G coverage areas to 2G coverage 

areas. Testing covers the signaling procedures and packet loss. A real HLR or an HLR that is also 

simulated by the test system performs the user authentication. 
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Figure 8: Simulating 3G-2G and 2G-3G Handover 

3.4 Nexus8610  

The Nexus8610 Traffic Simulation System is able to simulate mobile telephone users (UE) at the 

GSM-A interface, GPRS Gb interface, IuCS interface and IuPS interface.  PSTN subscribers at ISUP 

interface and the HLR and EIR can be simulated as well.   

The test system performs all necessary signaling operations for simulating 2G and 3G mobile UE and 

radio access networks. The correct handover of the call in either the circuit switched voice network or 

the packet domain is tested. The switching of the voice channel is tested by connectivity checks with 

test tones before and after the handover procedure. By exchanging IP packets and counting packet 

loss the traffic plane in the packet domain is tested. 

Nexus8610 test cases are standardized so that the user can configure all kinds of handovers in the 

same way, regardless of technology or interface. Test cases for all types of handover are predefined 

and ready to use. The number of simulated mobile identities can be varied from single mobiles to 

several thousands of mobiles performing handover. Simulation always includes control and user 

channel testing.  

For more information about Nexus8610 Traffic Simulation System please visit 

http://www.Nexus8610.com 
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Figure9: Nexus8610 Traffic Simulation System connec ted for simulating handover 

4 Abbreviations 

Abbreviation Definition 

BSC Base Station Controller 

BTS Base Transceiver Station 

CS Circuit Switched 

EIR Equipment Identification Register 

GERAN GSM EDGE Radio Access Network 

GGSN Gateway GPRS Support Node 

GPRS General Packet Radio Service 

GSM Global System for Mobile Communications 

HLR Home Location Register 

IMEI International Mobile Equipment Identity 

IMSI International Mobile Subscriber Identity  
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Abbreviation Definition 

LAN Local Area Network 

MS Mobile Station 

MSC Mobile Switching Center 

PDN Public Data Network 

PLMN Public Land Mobile Network 

PS Packet Switched 

PSTN Public Switch Telephony Network 

RAU Routing Area Update 

RNC Radio Network Controller 

RNS Radio Network Subsystem 

SGSN Serving GPRS Support Node 

SMS SC Short Message Service- Service Center 

SRNC Serving Radio Network Controller 

SRNS Serving RNS 

SUT System Under Test 

TDM Time Division Multiplex 

UE User Equipment 

UMTS Universal Mobile Telecommunications System 

USIM Universal Subscriber Identity Module 

UTRAN Universal Terrestrial Radio Access Network 

VLR Visitor Location Register 
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5 About Nexus Telecom 

Founded in 1994, Nexus Telecom is a privately-held company with headquarters in Zurich, 

Switzerland and regional offices in Canada, Chile, South Africa and Pakistan. With over 200 

employees, Nexus Telecom is a major OSS/BSS vendor delivering sophisticated state-of-the-art 

telecom management solutions to 2G, 3G, NGN and VoIP service providers and network operators 

worldwide. 

Nexus Telecom - Network and Service Investigation 

Nexus Telecom provides investigation tools and techniques with which telecommunication service and 

network malfunctions and degradations can quickly be determined and successfully solved. Based on 

scientific analysis methods, these investigation, troubleshooting and monitoring tools help to unravel 

the hidden secrets behind often complex and mysterious service malfunctions. 

Product Portfolio - Full range of investigation too ls 

Nexus Telecom offers a wide range of such investigation tools used to effectively study problem 

cases, to collect and process transaction 'evidence' data, to correlate and combine events, to translate 

and decrypt transaction details and ultimately, to solve the case and fully 

restore the respective service quality. Clearly, such tools are 

indispensable to network operators and service providers who are 

committed to improving service quality to all their business and residential 

customers. 

Nexus Telecom - Partners and Customers 

With solutions deployed in over 100 countries, Nexus Telecom’s installed 

customer base spans the globe, assuring service quality and revenue 

streams for many of the world's best-known telecom operators. For small and 

large service providers alike, including the world's largest GSM/UMTS network operated by T-Mobile, 

the highly scalable and modular end-to-end solutions from Nexus Telecom maximize the service 

provider's competitive edge through excellent ROI, quick and smooth launch of new services, and 

greatly increased end-customer satisfaction. 

Nexus Telecom’s fast time-to-market strategy is to gain early in-depth know-how about upcoming 

network technologies through strong development partnerships with leading network equipment 

manufacturers such as Nokia Siemens Networks, Nortel and Alcatel Lucent. 
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