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ABSTRACT 

The aim of this project is to understand the architecture of GSM and focus 

primarily on the issues that come up while migrating from the existing GSM network. 

GSM was created within a traditional analysis environment for providing a single, 

digital, cellular system to replace a collection of incompatible analog systems within the 

European community. The new system had to offer speech quality at least as good as 

the best analog phones and had to include new teleservices seldom seen in previous 

wireless systems. Advanced, spectrally efficient modulation and radio-access techniques 

were specified so that all the new features and high-quality services could be 

accommodated in the 900-MHz frequency band allocated throughout Europe for GSM. 

Today, GSM is the only standard that describes an entire mobile radio network, not just 

a common air interface. Phase 2+, GSM's third metamorphosis, supports a full load of 

PCS features in both the 1,800-MHz and 1,900-MHz bands. Currently, GSM systems 

are operational or under construction in more than 100 countries. In support of GSM, 

there are hundreds of different types of handsets available in enough shapes, colors, and 

sizes and with enough accessories to attract even the most demanding users. The early 

dominance of GSM on a global scale, its orderly and elegant architecture, its library of 

open standards, the large supply of chip sets and software packages, and the vast 

network of experts and specialists have driven the costs of GSM test solutions down 
while their variety expands. 
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INTRODUCTION 

Global system for mobile communication (GSM) is a wide area wireless 

communications system that uses digital radio transmission to provide voice, data, and 

multimedia communication services. A GSM system coordinates the communication 

between mobile telephones (mobile stations), base stations (cell sites), and switching 

systems. Each GSM radio channel is 200 kHz wide channels that are further divided into 

frames that hold 8 timeslots. GSM was originally named Groupe special Mobile. The GSM 

system includes mobile telephones (mobile stations), radio towers (base stations), and 

interconnecting switching systems. The GSM system allows up to 8 to16 voice users to 

share each radio channel and there may be several radio channels per radio transmission 

site (cell site). 

At the 1982 Conference of European Posts and Telecommunications (CEPT), the 

standardization body, Groupe Speciale Mobile, was formed to begin work on a single 

European standard. The standard was later named Global System for Mobile 

Communications (GSM). In 1990, phase one of the GSM specifications were completed, 

, including basic voice and data services. At that time, work began to adapt the GSM 

specification to provide service in the 1800 MHz frequency range. This 1800 MHz 

standard, called DCS 1800 is used for the Personal Communications Network (PCN). 

Phase 2 of the GSM and DCS 1800 specifications, which added advanced short messaging, 

micro cell support services, and enhanced data transfer capability, are now complete. Phase 
, 

2+ added advanced information services and packet data transmission capability. The 

project consist of introduction, eight chapters and conclusion 

In Chapter 1, we describe the services that GSM can provide including voice 

services, data services, messaging services, multicast services, and location services. We 

also presents the common GSM devices available include mobile telephones, PCMCIA 

cards, embedded radio modules and external radio module. 

In Chapter 2, we discuss GSM radio is wireless communication system that divides 

into small areas called cell cites in which different mobile users can communicate with each 
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other in that area's. GSM radio operates in specific radio band allocated to the system. The 

radio frequency channels that system operates is different among the cell cites. Each radio 

channel shared by the user is a combination of time division and frequency division 

multiple access. 

Chapter 3 is concerned with the digital audio that converts the analog information 

into digital form which allows more simple storage, processing and transmission of audio 

signal. The base band includes analog to digital converter, digital speech compression and 

channel coding. 

Chapter 4 is discussing the radio channels which are communication channels uses 

radio wave for communicates between source and destination. 

Chapter 5 investigates the logical channels are part of physical channels may be 

divided in time, frequency or digital coding to provide for these logical channels. The GSM 

system consists of two key types of channels traffic and control channels 

Chapter 6 presents the GSM network consist of cell cite radio towers, 

, communication links, switching center, network data base and link to public telephone and 

data networks. It introduces GSM mobile stations identified by the mobile identification 

number through the mobile station ISDN (MSISDN), international mobile subscriber 

identity (IMSI), international mobile equipment identifier (IMEi) and a temporary mobile 

station identity (TMSI). In addition to temporary IP address may be assigned, as required. 

Chapter 7 contains the other processes of a mobile telephone that it may perform to 

operate in a GSM network. The basic call processing operation of a mobile telephone 

includes initialization, call origination, call reception (paging), and handover. 

Chapter 8 is about the evolution of GSM, it includes packet data transmission rates 

and high speed data wideband code division multiple access (WCDMA). 

Finally, we give our conclusions and remarks on this work. 

IX 



GSM Service, Products And Mobile Devices 

1. GSM SERVICES, PRODUCTS AND MOBILE DEVICES 

The services that GSM can provide include voice services, data services, 

messaging services, multicast services, and location services. 

1.1 Voice Services 

Voice service is a type of communication service where two or more people can 

transfer information in the voice frequency band (not necessarily voice signals) through 

a communication network. Voice service involves the setup of communication sessions 

between two ( or more) users that allows for the real time ( or near real time) transfer of 

voice type signals between users. The GSM system provides for various types of digital 

voice services. The voice service quality on the GSM system can vary based on a 
variety of factors. 

The GSM system can dynamically change the voice quality because the GSM 

system can use several different types of speech compression. The service provider can 

select and control which speech compression process (voice coding) is used. The 

selection of voice coders that have higher levels of speech Compression (higher 

compression results in less digital bits transmitted) allows the service provider to 

increase the number of customers it can provide service to services, the GSM system 

is also capable of providing group voice services and broadcast voice services. 

1.1.1 Full Rate Voice 

Full rate communication is the dedication of the full capacity of a 

communication channel to a specific user or application. GSM full rate service allows 8 

users to share each radio channel with a voice data rate of 13 kbps for each user. 

1.1.2 Half Rate Voice 

Half rate communication is a process where only half the normal channel data 

rate (the full rate) is assigned to a user operating on a radio communications channel. By 

reducing the data rate, the number of users that can share the radio communications 

channel can be increased. For the GSM time division multiple access (TDMA) systems, 

half the number of time slots is assigned during each frame of transmission. 
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GSM Service, Products And Mobile Devices 

This allows other radios to be assigned to the unused time slots. Half rate GSM 

voice service allows up to 16 users to share each radio channel with a voice data rate of 

approximately 6.5 kbps for each user. 

1.1.3 Enhanced Fun Rate Voice 

Enhanced full rate (EFR) is an improved form of digital speech compression 

used in GSM networks. The EFR rate speech coder uses the same data transmission rate 

as the full rate speech coder. To improve the voice quality, new speech data 

compression processes (software programs) are used. To use the EFR speech coder, 

both the mobile station and the system must have EFR capability. 

1.1.4 Voice privacy 

Voice privacy is a process of modifying or encrypting a voice signal to prevent 

the listening of communications by unauthorized users. For digital systems (such as the 

GSM system) the digital transmission is modified (encrypted) when a secret key is 

shared, by both the sender and receiver of the information (voice or data signal). Only 

users with the secret key can receive and decode the information. The key that is used 

by the GSM system constantly changes so even if the key is compromised, it cannot be 

used again. Voice group call service (VGCS) is the process of transmitting a single 

voice conversation on a channel or group of channels so it can be simultaneously 
received by a predefined group of service subscribers . 

1.1.5 Voice Group Call Service (Dispatch) 

"- VGCS allows the simultaneous reception of speech conversation of a predefined 

_ group of mobile radios and/or a dispatch console. Each mobile radio that has group call 

capability is called a group call member. To help facility communication between 

multiple mobile devices and to integrate radio communication with other 

communication systems (such as a computer system) a dispatch console may be used. 

A dispatch console is a device or system that allows a person or group of people to 

access communication systems and services. The person who operates a dispatch 

console is a dispatcher. Dispatch consoles can be connected to a group call system wire 
(such as by an ISDN line) or via a radio base unit. 

2 



GSM Service, Products And Mobile Devices 

When connected by wire, a dispatch console can be located at any location 

within or outside a radio coverage area. Specific users (such as a dispatcher) can be 

assigned priorities to allow them to override the communication of other users. Group 

call service is also known as push to talk (PTT) service. PTT is a Process of initiating 

transmission through the use of a push-to-talk button. VGCS operates in half duplex 

(one-way at a time) communication mode. The push to talk process involves the talker 

pressing a talk button (usually part of a handheld microphone) that must be pushed 

before the user can transmit. If the system is available for PTT service (other users in 

the group not talking), the talker will be alerted (possibly with an acknowledgement 

tone) and the talker can transmit their voice by holding the talk button. 

,Moltll4 
" • 1:A;<I 

• Olf!Li\11:i:~Y 
• PIJBUC' Et!fi!TY 
• 1\~Jfif'fl:iNJJ.Ntll! 

Figure 1.1 GSM Group Call (Dispatch) Service 

If the system is not available, the user will not be able to transmit/talk. Each 

group call member is uniquely identified by their own MSISDN and a group 

identification number (group ID). Each mobile radio or dispatcher can have access to 

more than one group code. Calls to a group may be limited to a specific geographic area 

(specific number of cell sites). The list of members in a dispatch group along with their 

identification, assigned priorities, and capabilities is stored in a group call register 

(GCR). Figure 1.1 shows how voice group call service may operate in a GSM system. 
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GSM Service, Products And Mobile Devices 

In this diagram, a single voice message is transmitted on GSM radio channels in 

a pre-defined geographic area. Several mobile radios are operating with in the radio 

coverage limits (group 5 in this example) of the cells broadcasting the ground message. 

In this example, a user is communicating to a group. Each user in this group (including 

the dispatcher) listens and decodes the message for group 5. Other handsets in the area 

are not able to receive and decode the group 5 message. 

1.1.6 Voice Broadcast Service (VBS) 

Voice broadcast service (VBS) is the process of transferring a single voice 

conversation or message to be transmitted to a geographic coverage area. VBS 

subscribers or devices that are capable of identifying and receiving the voice 

communications then receive the conversation or message. Figure 1.2 shows the basic 

operation of voice broadcast service. This example shows how an urgent news message 

(traffic alert) can be sent to all mobile devices that are operating within the same radio 

coverage area. 

Figure 1.2 Voices Broadcast Service (VBS) 

1.2 Data Services 

Data Services are communication services that transfer information between two 

or more devices. Data services may be provided in or outside the audio frequency 

band through a communication network. Data service involves the establishment of 

physical and logical communication sessions between two (or more) users that allows 

the non-real time or near-real time transfer of data (binary) type signals between users. 

4 
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When data signals are transmitted on a non-digital channel (such as an analog 

telephone line), a data modem must be used. The data modem converts the data signal 

(digital bits) into tones that can be transferred in the audio frequency band. Because the 

speech coder used in the GSM system only compresses voice signals and not data 

modem signals, .analog modem data cannot be sent on a GSM traffic (voice) channel. 

When data signals are transmitted on a GSM radio channel, a data transfer adapter 

(DT A) is used. The DT A converts the data bits from a computing device into a format 

that is suitable for transmission on a communication channel that has a different data 

transmission format. DTAs are used to connect communication devices (such as a PDA 

or laptop) to a mobile device when it is operating on a GSM digital radio channel. The 

data services that the GSM system can provide include low-speed circuit switched data 
to medium speed packet data. 

1.2.1 Circuit Switched Data 

Circuit switched data is a data communication method that maintains a 

dedicated communications path between two communication devices regardless of the 

amount of data that is sent between the devices. This gives to communications 

equipment the exclusive use of the circuit that connects them, even when the circuit is 

momentarily idle. To establish a circuit-switched data connection, the address is sent 

first and a connection (possibly a virtual non-physical connection) path is established. 

After this path is setup, data is continually transferred using this path until the path is 

disconnected by request from the sender or receiver of data. 

1.2.2 Packet Switched Data 

Packet switched data is the transfer of information between two points through 

the division of the data into small packets. The packets are routed (switched) through 

the network and reconnected at the other end to recreate the original data. Each data 

packet contains the address of its destination. This allows each packet to take a different 

route through the network to reach its destination. To provide packet data service, the 

GSM system uses general packet radio service (GPRS). GPRS is a portion of the GSM 

specification that allows packet radio service on the GSM system. The GPRS system 

adds (defines) new packet control channels and gateways to the GSM system. 

5 
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GPRS packet-switched data service is an "always-on" type of service. When the 

GSM device is initially turned on, it takes only a few seconds to obtain an IP address 

that is necessary to communicate with the network. Even when the GSM device is 

inactive and placed in the dormant state, reconnection is typically less than 1/2 a second. 

1.2.3 Fax Services 

Fax service is the transmission of facsimile (image) information between users. 

Facsimile signals have characteristics that are very different than audio signals. As a 

result, fax transmission involves the use of a communication channel that can send all 

audio frequencies or a data channel that is setup specifically for the transmission of fax 

information. Facsimile signals cannot be sent through the GSM speech coder. 

This requires the mobile telephone and GSM system to be setup for facsimile 

transmission. This may be automatically accomplished when a fax machine is connected 

to a GSM telephone or adapter or it may be manually accomplished through a keypad 

operation. 

1.3 Multicast Services 

Multicast service is a one-to-many media delivery process that sends a single 

message or information transmission that contains an address (code) that is designated 

for several devices (nodes) in a network. Devices must contain the matching code to 

successfully receive or decode the message. GSM multicast service can include news 

services or media ( digital audio) broadcasts. 

1.4 Short Messaging Services 

Short message service (SMS) gives mobile phone subscribers the ability to send 

and receive text or data messages. GSM mobile device can send short messages or it can 

be sent by other systems (such as an email or web page link).The GSM system limit the 

short message to 160 alphanumeric characters (7 bits each), 140 data elements (8 bits 

each), or 70 two type characters (16 bits each). SMS messages can be received while the 

mobile telephone is in standby (idle) or while it is in use ( conversation). 

6 
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While the mobile telephone communicating both voice and message 

information, short message transfer takes slightly longer than it does while the 

mobile telephone is in standby. Short messages can be cascaded together to produce 

longer messages. Short messages are received, stored and forwarded through the use of 

a SMS service center (SC). SMS can be divided into three general categories: Point-to 

point, Point-to multipoint, and broadcast. Point-to-point SMS sends a message to a 

single receiver. Point to multi-point SMS sends a message to several receivers. 

Broadcast SMS sends the same message to all receivers in a given area. Broadcast SMS 

differs from point to multi-point because it places a unique "address" with the message 

to be received. Only mobile telephones capable of decoding that address receive the 

message. Short messages that are received by a mobile telephone are typically stored in 

the SIM card. 

This allows the user to keep all their messages on a single SIM card regardless 

on which mobile telephone they use with the SIM card. The receipt of short messages 

can be acknowledged or unacknowledged. Short messages can be setup to request a 

response such as confirmation of a meeting time or place. Short messages can be 

originated by the mobile phone, called mobile originated short message service 

(MOSMS) or by messages may be created by another source, called mobile terminated 

message service (MTSMS). Because mobile telephones usually have a limited number 

of keys ( compared to a computer), mobile telephones may include predefined messages 

or use a form of predictive text entry that looks up the possible likely works as 

portions of the word are completed. 

1.4.1 Point to Point Messaging 

Point to point messaging is the process of sending data, text or alphanumeric 

messages from one communication device to one other communication device. To send 

point to point message, the destination address is selected and added to a 

message that is sent through the communication network. An example of a point to 

point message is sending a message to a friend informing them of a place and time to 

meet. 

7 
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1.4.2 Executable Messages 

An executable message is received by a subscriber identity module (SIM) card 

in a wireless system (such as a mobile phone system) that contains a program that 
instructs the SIM card to perform processing instructions. 

1.4.3 Point to Multipoint Messaging 

Point to multipoint messaging is the process of sending data, text or 

alphanumeric messages from one communication device to several communication 

devices. To send point to multipoint messages, a message is copied and sent to each 

communication device that is listed in the multipoint distribution list. An example of a 

point to multipoint message is sending a message to a company project team informing 
them of a change in staff meeting time. 

1.4.4 Cell Broadcast Messaging 

Cell broadcast messaging is the process of sending SMS messages to all mobile 

telephones that are operating in the radio coverage of a specific cell site. To send cell 

broadcast messages, a message is sent to the system operator with instructions to release 

the message to specific distribution area ( one or more cell radio coverage areas). An 

example of a cell broadcast message is sending a traffic jam message to all people 
within the area of an automobile accident. 

Mobile telephones do not acknowledge receipt of broadcast SMS. If a Mobile 

telephone is performing other tasks (such as scanning for other radio Channels) or is 

turned off, it will miss the broadcast message. To overcome this limitation, the 

broadcast message may be sent several times. If a mobile telephone has already 

received the broadcast message, it may ignore the repeated messages. 

1.4.5 Flash Messages 

Flash SMS automatically displays the SMS message as soon as it is received. 

An example of a flash message is an important news alert or weather bulletin that 
immediately displayed on a mobile telephone display. 
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1.5 Location Based Services (LBS) 

Location based services are information or advertising services that vary based 

on the location of the user. The GSM system permits the use of different types of 

location information sources including the system itself or through the use of global 

positioning system (GPS). 

1.6 GSM Products and Mobile Devices 

GSM mobile devices (also called mobile stations) are voice and/or data input 

and output devices that are used to communicate with a radio tower (cell sites). GSM 

end user devices include removable subscriber identity modules (Sims) that hold service 

subscription on information. The common types of available GSM devices include 

mobile telephones, PCMCIA cards, embedded radio modules, and external radio 

modems. 

1.6.1 Subscriber Identity Module (SIM) 

A subscriber identity module (SIM) is an "information" card that contains 

service subscription identity and personal information. The SIM card contains at least 

two numbers that identifies the customer, the international mobile subscriber identity 

(IMSI) and a secret authentication key number K. 

The SIM contains a microprocessor, memory and software to hold and process 

information that includes a phone number, billing identification information and a 

small amount of user specific data (such as feature preferences and short messages). 

This information can be toted in the card rather than programming this information into 

the phone itself. A SIM card can be either credit card-sized (ISO format) or the size 

of a postage-stamp (Plug-In format). 

SIM cards can be inserted into any SIM ready communication device. Access to 

a SIM card usually requires the use of a personal identity number (PIN) to restrict 

access to the SIM card to people who know the code. SIM cards may also be locked to 

the communication device by a SIM lock code (the service provider only knows the 

SIM lock code). The SIM lock code ensures that a communication device will only 

work with one or a group of subscriber identity module (SIM) cards. 
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The use of a SIM lock code by a service provider helps to ensure that a customer 

will only be able to use a communication device they provide at low cost with their SIM 

cards. If another SIM card is inserted to a communication device that is locked to a 

specific SIM card, the communication device will not operate. 

1.6.2 Mobile Telephones 

Mobile telephones are radio transceivers (combined transmitter and receives) 

that convert signals between users (typically people, but not always) and radio signals. 

Mobile telephones can vary from simple voice units to advance multimedia personal 

digital assistant ants (PADs). GSM mobile telephones may only include GSM capability 

(single mode) or it may include GSM and other types of wireless capability (dual 

mode). GSM mobile device may be only able to receive on one frequency band (single 

band) or two or more frequency bands (dual band or tri-band). 

1.6.3 PCMCIA Air Cards 

The PCMCIA card uses a standard physical and electrical interface that is used 

to connect memory and communication devices to computers, typically laptops. The 

physical card sizes are similar to the size of a credit card 2.126 inches (51.46 mm) by 

3.37 inches 69.2 mm) long. There are 4 different card thickness dimensions: 3.3 

(type 1), 5.0 (type 2), 10.5 (type 3), and 16 mm (type 4). GSM PCMCIA radio cards 

can be added to most laptop computers to avoid the need of integrating or attaching 

radio devices. 

1.6.4 Embedded Radio Modules 

Embedded radio modules are self contained electronic assemblies that may 

be inserted or attached to other electronic devices or systems. Embedded radio modules 

may be installed in computing devices such as personal digital assistants (PDAs), laptop 

computers, and other types of computing devices that can benefit from wireless data 

and/or voice connections. 
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1.6.5 External Radio Modems 

External radio modems are self contained radios with data modems that allow 

the customer to simply plug the radio device into their USB or Ethernet data port on 

their desk-top or laptop computer. External modems are commonly connected to 

computers via standard connections such as universal serial bus (USB) or RJ-45 

Ethernet connections. 

Figure 1.3 shows the common types of GSM products available to customers. 

This diagram shows that the product types available for GSM include single mode, dual 

mode and dual frequency mobile telephones, PCMCIA data cards, embedded radio 

modules, and external radio modems. GSM mobile telephones may be capable of 

operating on other systems (dual mode) or multiple frequencies. Small radio assemblies 

(modules) may be inserted (embedded) into other devices such as laptop computers or 

custom communication devices. 

PCMCIA data cards may allow for both data and voice operations when inserted 

into portable communications devices such as laptops or personal digital assistants 

(PDAs). External modems may be used to provide data services to fixed users (such as 

desktop computers). 
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Figure 1.3 GSM Product Types 
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2.GSMRADIO 

GSM radio is wireless communication system that divides geographic areas into 

small radio areas (cells) that are interconnected with each other. Each cell coverage area 

has one or several transmitters and receivers that communicate with mobile telephones 

within its area. GSM radio systems operate in a specific frequency band ( or frequency 

bands) that have been allocated to the system. The radio frequency channel that the 

system operators may be reused at different cell sites according to a frequency plan. 

Users share each radio channel using a combination of frequency division and time 

division multiple access. 

2.1 Frequency Allocation 

Frequency allocation is the amount of radio spectrum (frequency bands) that is 

assigned (allocated) by a regulatory agency for use for specific types of radio Services. 

The original GSM system was assigned two 25 MHz bands at 890-915 MHz 

(mobile telephone transmit) and 935-960 MHz (base transceiver station transmit) that 

are separated by 45 MHz. Because each GSM radio channel has a frequency 

bandwidth of 200 kHz, this divides into 125 radio channel earners. 

Table 2.1 GSM Frequency Bands 

In some systems, the entire frequency band may not be available, and in other 

systems, radio channels may be divided among multiple cellular service providers. 
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Since its creation, many countries have authorized additional frequency band for 

GSM system. The GSM frequency band for PCN (DCS 1800) is 710-1785 MHz 

(subscriber unit transmit) and 1785-1880 MHz (base station transmit) separated by 75 

MHz. Each PCN frequency band is divided into 375 radio channels of 200 kHz each. 

Table 2.1 shows the frequency bands that can be used for GSM radio channels. This 

table shows that GSM systems can operate in the 400 MHz band, 800 MHz" band, 900 

MHz band, 1800 MHz band, and 1900 MHz frequency bands. This table also shows that 

each GSM system requires two frequencies Bands (for duplex operation), one for 

base to mobile (downlink) and another for mobile to base (uplink).The frequency 

spacing between downlink and uplink increases as the frequency band increases. 

2.2 Frequency Reuse 

Frequency reuse is the process of using the same radio frequencies on radio 

transmitter sites within a geographic area that are separated by sufficient distance to 

cause minimal interference with each other. Frequency reuse allows for a dramatic 

increase in the number of customers that can be served (capacity) within a geographic 

area on a limited amount of radio spectrum (limited number of radio channels). 

Frequency planning is the assignment ( coordination) of radio channel frequencies in 

wireless systems that have multiple transmitters to minimize the amount of interference 

caused by transmitters that operate on the same frequency. 

Frequency planning is used to help ensure that combined interference levels 

from nearby transmitters that are operating on or near the same frequency do not 

exceed a certain interference ( desired signal to interference) level compared to the 

desired signal. The ability to reuse frequencies depends on various factors that include 

the ability of channels to operate in with interference signal energy attenuation between 

the transmitters. A frequency plan is the assignment of radio frequencies to radio 
c 

transmission sites (cell sites) that are located within a defined geographic area. The 

frequency plan may use ratios that are different dependent on the number of 

transmitting sites to the number of antennas (sectors) on each site. A common frequency 
'\ 

reuse plan for GSM is the ability to reuse a radio frequency on every 4th site that has 

three 120 degree sectors each - 12 total sectors. 
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This plan is commonly called "4/12". The radio channel bandwidth of GSM 

carriers are wider than its analog predecessors and the modulation GSM uses is 

resistant to interfering signals. As a result, GSM radio channels can tolerate interfering 

signals up to 20% (9 dB below) of the desired signal compared to analog signals that 

can only tolerate 1.6% to 6.3 % of (18-12 dB below) their received signal [ii]. Figure 

2.1 shows how GSM can use frequency reuse to increase the system capacity. This 

diagram shows that a frequency in a GSM system can be reused at nearby cell sites 

provided the radio signal level from the interfering (unwanted) cell is 9 dB to 14 dB 

below the desired signal level. 

I 
1 

I 

Figure 2.1 GSM Frequency Reuse 

2.3 Time Division Multiple Access (TDMA) 

Time division multiple access (TDMA) is a process of sharing a single radio 

channel by dividing the channel into time slots that are shared between simultaneous 

users of the radio channel. When a mobile radio communicates with a TDMA system, it 

is assigned a specific time position on the radio channel. By allow several users to use 

different time positions (time slots) on a single radio channel, TDMA systems increase 

their ability to serve multiple users with a limited number of radio channels. GSM uses 

time division multiplexing (TDM) to share one modulated carrier frequency radio 

waveform among 8 (full rate) to 16 (half rate) conversations. 
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Therefore, documents related to GSM are careful to distinguish between a radio 

carrier and a communication channel. Figure 2.2 show how the GSM system allows 

more than one simultaneous user per radio channel through the use of time 

multiplexing. This example shows GSM radio channel can be divided to allow 8 or 16 

users per channel. The top example shows that one slot per frame is assigned to full 

rate users. The bottom example shows that one slot for every other frame is assigned 

to half rate users. 

Figure 2.2 GSM Time Division Multiplexing 

2.4 RF Power Control 

RF power control is a process of adjusting the power level of a mobile radio as it 

moves closer and further away from a transmitter. RF power control is typically 

accomplished by the sensing of the received signal strength level and the relaying 

of power control messages from a transmitter to the mobile device with commands 

that are used to increase or decrease the mobile device's output power level. GSM 

RF power adjustments occur in 2 dB steps. The use of RF power control allows for the 

transmission of only the necessary RF signal level to maintain quality communication 

link. Some of the key benefits of RF power control are reduced radio channel 

interference to other radio devices and increased batter life. Figure 2.3 shows how the 

radio signal power level output of a mobile telephone is adjusted by commands received 

from the base station to reduce the average transmitted power from the mobile 

telephone. This lower power reduces interference to nearby cell sites. 
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As the mobile telephone moves closer to the cell site, less power is required 

from the mobile telephone and it is commanded to reduce its transmitter output power 

level. The base station transmitter power level can also be reduced although the 

base station RF output power is not typically reduced. While the maximum output 

power varies for different classes of mobile telephones, typically they have the same 

minimum power level. 

Figure 2.3 RF Power Control 

Mobile radios can be classified by the maximum RF power they can transmit. 

RF Power classification defines the RF power levels associated with specific modes of 

operation for a particular class of radio device. Classes of RF devices often vary based 

on the application and use of the device such as portable, mobile or fixed applications. 

RF power classification typically defines the maximum RF power level a device may 

transmit but it may also include the minimum RF power levels and the RF power levels 

for specific modes of operation (such as during a radio transmission burst). There are 5 

different RF power classes used for mobile telephones in the GSM system, class 1 

through class 5. Class 1 devices can transmit up to 20 Watts (+43 dBm), class 2 can 

transmit up to 8 Watts, class 3 can transmit up to 5 Watts, class 4 can transmit up to 2 

Watts, and class 5 can transmit up to 0.8 Watts. During normal operation, the mobile 

device uses 1 slot out of 8 so the average power is 118th of the transmitted power. 
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This means a class 4 device that is transmitting at its maximum power 

of 2 Watts is actually only transmitting 25 m Watts (118th of 2 Watts). Base stations 

continuously transmit regardless. if all the time slots are used so their average 

transmitter RF power is the same as their peak transmit power. Table 2.2 shows the 

different types of power classes available for GSM mobile devices and how their 

maximum power level. This table shows that there are 5 classes of GSM mobile 

devices and their maximum power level ranges from 0.8 Watts to 20.0 Watts. 

Table 2.2 GSM RF Power Classifications 

2.5 Mobile Assisted Handover (MAHO) 

Mobile assisted handover is a process that is used to allow a mobile phone to 

assist in the base station in the decision to transfer the call (handoff/handover) to 

another base station. The mobile radio assists by providing RF signal quality 

information that typically includes received signal strength indication (RSSI) and bit 

error rate (BER) of its own and other candidate channels. MAHO is an official term of 

the GSM system. During GSM communication, the mobile transmits on one slot, 

receives on one slot, and has 6 Idle slots available in each frame. During the idle 

time periods, the mobile telephone can tune to other radio channel frequencies and 
measure their signal strength. 

Figure 2.4 illustrate the basic mobile assisted handover process. The Mobile 

telephone initially receives a list of nearby radio channels to monitor. During the idle 

of the mobile telephone periods (between transmission and reception bursts) the mobile 

telephone monitors other radio channels for signal strength. 
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The mobile telephone can report these measurements along with its own 

received signal strength and channel quality (bit error rate) back to the base station. The 

base station can use this information along with other information to determine if a new 

radio channel should be assigned and which channel to assign the mobile telephone to. 
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Figure 2.4 Mobile Assisted Hand-over 
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3. DIGITAL AUDIO AND BASE BAND 

Digital audio is the representation of audio information in digital (discrete level) 

formats. The use of digital audio allows for more simple storage, processing, and 

transmission of audio signals. Base band audio processing includes analog to digital 

conversion, digital Speech compression, and channel coding. 

3.1 Analog to Digital Conversion (ADC) 

Analog to digital conversion is a process ( digitization) that changes a 

continuously varying signal (analog) into digital values. The GSM system converts 

analog audio signals into digital form so it can be compressed and coded on to the radio 

channel. A typical analog to digital conversion process includes an initial filtering 

process_ to remove extremely high and low frequencies that could confuse the digital 

converter. 
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Figure 3.1 Analog to Digital Conversion 

This is followed by a periodic sampling section that measures the instantaneous 

level of the signals at fixed time intervals and converts the measured values (sampled 

voltages) into its equivalent digital number or pulses. Figure 3.1 shows how an analog 

signal is converted to a digital signal. This diagram shows that an acoustic (sound) 

signal is converted to an audio Electrical signal (continuously varying signal) by a 

microphone. 
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This signal is sent through an audio band-pass filter that only allows frequency 

ranges within the desired audio band (removes unwanted noise and other non audio 

frequency components). The audio signal is then sampled every 125 microseconds 

(8,000 times per second) and converted into 8 digital bits. The digital bits represent the 

amplitude of the input analog signal. 

3.2 Digital Speech Compression (Speech Coding) 

Digital speech compression (speech coding) is a process of analyzing and 

compressing a digitized audio signal, transmitting that compressed digital signal to 

another point, and decoding the compressed signal to recreate the original( or 

approximate of the original) signal. The GSM digital speech compression process works 

by grouping the 64 kbps digital audio signals into 20 msec speech frames. These speech 

frames are analyzed and characterized (e.g. volume, pitch) by the speech coder. 

Figure 3.2 Digital Speech Compressions 

The speech coder removes redundancy in the digital signal (such as silence 

periods) and characterizes digital patterns that can be made by the human voice using 

code book tables. The code book table codes are transmitted instead of the original 

digitized audio signal. This results in the transmission of a 13 kbps compressed digital 

audio instead of the 64 kbps digitized audio signal. Figure 3.2 shows the basic speech 

data compression process used for the GSM speech coder. 
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This diagram shows that the analog voice signal is sampled 8,000 times each 

second and digitized into a 64 Kbps digital signal. The digitized signal is grouped into 

20 msec speech frames. The speech frames are analyzed and compressed into a new 13 

kbps digital signal. There are several types of speech coding that can be used in GSM 

systems and devices. The first generation of speech coding was Regular Pulse 

Excitation-Long Term Prediction (RPE-LTP). Since the first GSM speech coder was 

developed in 1988, speech coding technology has improved and this had lead to the 

introduction of a new enhanced full rate (EFR) speech coder. The EFR provides 

improved voice quality using the same 13 kbps data transmission rate. If the mobile 

telephone and the system both have the EFR speech coder available, it can be used. 

3.3 Channel Coding 

Channel coding is a process where one or more control and user data signals are 

combined with error protected or error correction information. After a sequence of 

digital data bits has been produced by a digital speech code or by other digital signal 

sources, these digital bits are processed to create a sequence of new bit patterns that are 

ready for transmission. This processing typically includes the addition of error detection 

and error protection bits along with rearranging of bit order for transmission. The error 

protection and control bits increase 13 kbps user data transmission rate to 22.8 kbps. In 

addition to adding error protection bits, the data that is transmitted is distributed 

(interleaved) over 8 adjacent slot periods. This allows only some of the bits to be 

received in error if a transmitted packet is lost (due to burst errors). Using the error 

protection coding, it may be possible to recreate (replace) these bits. The GSM system 

uses several types of error protection coding including cyclic redundancy check (CRC), 

block code, and convolution coding. 

3.3.1 Cyclic Redundancy Check Sum (CRC) 

Cyclic redundancy check is an error-checking process in which bytes at the end 

of a packet are used by the receiving node to detect transmission. The code book table 

codes are transmitted instead of the original digitized audio signal. This results in the 

transmission of a 13 kbps compressed digital audio instead of the 64 kbps digitized 

audio signal problems. 
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The bytes represent the result of a calculation performed on the data portion of 

the packet before transmission. If the results for the same calculation on the received 

packet are not equal to the transmitted results, the receiving node can request that the 

packet be re-sent in the GSM system, CRC error protection codes are used in all call 

processing messages. CRC error protection codes are also used for some of the more 
important speech coding bits (not all of them). 

3.3.2 Block Code 

Block codes are a series of bits or a number that is appended to a group of bits or 

batch of information that allows for the detecting and/or correcting of information that 

has been transmitted. Block codes use mathematical formulas that perform an operation 

on the data that will be transmitted. This produces a resulting number that is related to 

the transmitted data depending on how complex the mathematical formula is and how 

many bits the result may be, the bock code can be used to detect and correct one or 
more bits of information. 

3.3.3 Convolution Coding 

Convolution coding is an error correction process that uses the input data to 

create a continuous flow of error protected bits. As these bits are input to the 

convolution coder, an increased number of bits are produced. Convolution coding is 

often used in transmission systems that often experience burst errors such as wireless 

systems. Convolution coding systems are represented by the ratio (rate) of input bits to 

output bits. A Y2 rate convolution coder creates (outputs) 2 bits for each 1 bit (input) 
it receives. 

J.4 Echo Cancellation 

Echo cancellation is a process of extracting an original transmitted signal from 

the received signal that contains one or more delayed signals (copies of the original 

signal). Echoes may occur as a result of transmission delays in the audio signal and 

through acoustic feedback where some of the audio signal transferring from a speaker 

into a microphone. Echoed signals cause distortion and may be removed by performing 
via advanced signal analysis and filtering. 
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The specific process of echo canceling that is used (if any) is not specified. 

Figure 3.3 shows how echoes can be removed. In this example, the transmission of the 

words: "Hello is Susan there" experience the effects of echo. When the signal is 

supplied to an echo canceller (a sophisticated estimating and subtraction machine), the 

echo canceling device takes a sample of the initial audio and tries to find echo matches 

of the input audio at delayed periods (the amount of echo time). 
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Figure 3.3 Echo Cancellation 

In this example, it does this by creating various delayed versions the audio signal 

and different (reduced) amplitude (echo volume as time increases), and comparing the 

estimate the audio that contains the echo. When it finds an exact match at a specific 

audio level, the echo canceller can subtract the echo signal is produces audio without 

the echo. 
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4. RADIO CHANNELS 

A radio channel is a communications channel that uses radio waves to transfer 

information from a source to a destination. A radio channel may transport one or many 

communication channels and communication circuits. 

4.1 Channel Bandwidth 

Radio channel bandwidth is the difference between the upper frequency limit 

and lower frequency limit of allowable radio transmission energy for a radio 

communication channel. The GSM radio channel has a 200 kHz channel band width. 

4.2 Modulation 

Modulation is the process of changing the amplitude, frequency, or phase of a 

radio frequency carrier signal (a carrier) to change with the information signal (such as 

voice or data). Digital modulation is the process of creating an analog signal that 

represents digital information. The GSM physical radio channels use Gaussian 

minimum shift keying (GMSK). GMSK is a form of two-level digital FM modulation. 

The radio channel has a gross data transmission rate of a GSM channel is 271 kbps. 

4.3 Duplex Channels 

Duplex communication is the transmission of voice and/or data signals that 

allow simultaneous 2-way communication. To provide duplex communication on 

analog systems, each voice path was assigned to a different transmitter and frequency. 

This process of using two frequencies for duplex communication is called frequency 

division duplex (FDD). Another method that can be used for duplex communication is 

time division duplex (TDD). TDD provides two way communications between two 

devices by time sharing. When using TDD, one device transmits (device 1), the other 

device listens { device 2) for a short period of time after the transmission is complete. 

The devices reverse their role so device 1 becomes a receiver and device 2 becomes a 

transmitter. The process continually repeats itself so data appears to flow in both 

directions simultaneously. 
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The GSM system uses a combination of FDD and TDD communication. One 

frequency is used to communicate in one direction and the other frequency is 

required to communicate in the opposite direction. However, the GSM system also 

uses TDD as the transmitter and receiver communicate at different times. The time 

offset of transmission and reception simplifies the design of the mobile device (less 

radio filter parts). The radio frequency separation between the forward (downlink) and 

reverse (uplink) frequencies varies based on the frequency band. 

Ot1p1ax Ftequilllley 
:S~M!'brl 

Figure 4.1 GSM Duplex Radio Channels 

In general higher the frequency, larger the frequency separation between the 

forward and reverse channels. For GSM 900 MHz, the frequency separation is 45 MHz, 

for PCN the frequency separation is 95 MHz and for GSM PCS 1900 MHz the 

frequency separation is 80 MHz. Figure 4.1 shows the frequency and time offsets 

between the forward and reverse channel for the GSM system. This diagram shows 

that the frequency offset varies with the system it is operating on. For GSM 900, 

the frequency separation is 45 MHz, for PCN 1800 the frequency separation is 95 MHz 

and for the PCS 1900 system, the frequency separation is 80 MHz. This example also 

shows that the downlink channel is time offset from the uplink channel. This time offset 

allows the mobile device to transmit at a different time than it receives. 

25 



Radio Channels 

4.4 Radio Channel Structure 

Radio channel structure is the division and coordination of a radio 

communication channel (wireless information transfer) into logical channels, frames 

(groups) of data, and fields with in the frames that hold specific types of information. 

The radio channel is divided into frames with 8 time slots per frame (0 through 7) and 

time slots are divided into field dependent on the purpose of the time slot. A forward 

(downlink) radio channel is paired with a reverse (uplink) radio channel to provide 

simultaneous two-way (duplex) voice communication. 

Figure 4.2 GSM Radio Channels 

Several logical channels can exist on time slots in the physical radio channels. 

When a radio channel has a control channel, time slot O of the frame is used. The other 

time slots are used for user data. For normal (full rate) voice communication, a time 

slot in each frame is dedicated for the entire duration of the call. For efficient (half rate) 

voice communication, a time slot in every other frame is dedicated for the duration of 

the call. For packet data communication (using GPRS), the time slots are dynamically 

assigned. Figure 4.2 show that the GSM system uses a single type of radio channel. 

Each radio channel in the GSM system has a frequency bandwidth of 200 kHz and a 

data transmission rate of approximately 271 kbps. 
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This example shows that each radio communication channel is divided into 8 

time slots (0 through 7). This diagram shows that a simultaneous two-way voice 

communication session requires at least one radio channel communicates from 

the base station to the mobile station ( called the forward channel) and one channel 

communicates from the mobile station to the base station ( called the reverse channel). 

This example also shows that some of the radio channel capacity is used to transfer 

voice (traffic) information and some of the radio channel capacity is used to transfer 

control messages. 

4.5 Time Slot Structure 

Time slots are the smallest division of a communication channel that is assigned 

to particular users in a communication system. Time slots can be combined for a single 

user to increase the total data transfer rate available to that user. In some systems, time 

slots are assigned dynamically on an as needed basis. Slot structure is the division of a 

time slot into different fields (information) parts. Slot structure fields typically include a 

preamble for synchronization, control header (e.g. address information), user data, and 

error detection. 

The time period for a GSM time slot is 577 microseconds. The number of data 

bits in a time slot depending on the type of the time slot (user data or control). The 

structure of the time slot can also vary dependent if the time slot is on the uplink or 

downlink radio channel. Each normal time slot contains 148 bits of information. Some 

time slot data bits are used for user data and other bits are dedicated for control. The 

time slots are numbered from O to 7. For voice communication, users have a fixed 

assignment of particular time slots. 

For packet data transmission (such as GPRS), time slots are dynamically 

assigned. Time slots include ramp up and ramp down periods to minimize rapid 

changes in radio transmitter power. The ramp up and ramp down time is used to reduce 

unwanted radio emissions that occur from rapidly changing signals. A single time slot 

transmission is called a radio burst. Four types of radio bursts are defined in the GSM 

system. Normal burst, shortened burst, frequency correction burst, and synchronization 

burst. 
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4.5.1 Normal Burst 

A normal burst is a 577 usec transmission period that is used for normal 

communication between the mobile device and the base station. Each normal burst can 

transfer 114 bits of user information data (after error protection is removed). The first 

3 bits of the normal burst time slot are used for the ramp period that allows for the 

gradual increase in transmitter power level and to send tail bits that are used as part of 

the convolutional (continuous) error protection channel coding process. 

Convolution error coding requires several bits to start the error protection coding 

process. A portion of the data bits (57 bits) follow the tail bits. This is followed by a 

stealing flag that indicates if the normal burst contains user data or if it contains a 

control message (FACCH message). A sequence of pre-defined training bits (26) are 

located in the center of the normal burst to assist in the reception and decoding of 

the bits of the normal burst. The same training bit pattern is used in all eight time slots. 
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Figure 4.3 GSM Burst Slot Structures 

This allows mobile telephones to distinguish between their radio channel and 

other radio channels that are operating on the same frequency from nearby cells. If the 

mobile device decodes the training bit pattern and it does not match what it is expecting, 

it should discard the packet. The last 3 bits of the burst are dedicated to the ramp down 

period. At the end of the time slot, time is allocated as a guard period when no 

transmission occurs. The guard period is included to help ensure that transmitted bursts 

from one mobile device do not overlap transmission bursts from other mobile devices. 
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Figure 4.3 shows the different types of transmit bursts used in the GSM system 

and their structure. This example shows that the GSM system includes several burst 

types; normal burst, synchronization burst, frequency correction burst, and a shortened 

(access burst). The standard slot time period for a transmit burst is 577 usec long 

and it contains 156.25 bit periods. 

The information fields included in the normal bursts include initial tail bits 

(TB), data bits (D), stealing flags(S), a training sequence (T), and final tail bits (TB).A 

guard period (GP) is included at the end of the normal burst time period to help ensure 

that transmitted bursts from one mobile device does not overlap with transmitted bursts 

from another mobile device. The synchronization burst includes a long training 

sequence in addition to the synchronization information. The frequency correction burst 

contains all O bits. The shortened access burst contains a tail bits, synchronization bits, 

and an encrypted access code. 

4.5.2 Random Access Burst (Shortened Burst) 

A random access burst (shortened burst) is a short 88 bit transmission burst that 

is used to request access to the GSM system. Mobile devices used a shortened burst 

when transmitting an access request to the GSM system to avoid the possibility of burst 

overlap with transmission bursts in adjacent time slots. Once the GSM system has 

acknowledged the request for service and provides a relative timing adjustment, it 

can adjust its transmission timing (relative to the received time lots) and begin to 

transmit normal (full size) time slots. Mobile telephones may also transmit a 

shortened burst during handover when the distance between the mobile device and the 

base station is not known. It is possible to perform handover (even in large cells) 

without transmitting shortened bursts by allowing the mobile device to synchronize 

with the cell of the new cell site. It can accomplish this by monitoring the control 

channel of the new cell site during its idle time periods and acquiring the channel 

timing information (synchronization information). 
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4.5.3 Frequency Correction Burst 

A frequency correction burst is a time slot of information that contains a 142 bit 

pattern of all O values. The reception and decoding of the frequency correction burst 

allows the mobile device to adjust (frequency correct) its timing so it can better receive 

and demodulate the radio channel. 

4.5.4 Synchronization Burst 

A synchronization burst is a transmission burst that contains system timing 

information. It contains a 78 bit code to identify the hyper frame counter. The 

synchronization burst follows the frequency correction burst. 

4.6 Frame Structure 

Frame structure is the division of defined length of digital information into 

different fields (information) parts. Frame structure fields typically include a preamble 

for synchronization, control header (e.g. address information), user data and error 

detection. A frame may be divided into multiple time slots. The GSM system a GSM 

frame is 4.615 msec and it is composed of 8 time slots (numbered O through 7) during 

voice communication, one user is typically assigned to each time slot within a 

frame. Between the downlink channel and uplink channel, the time slot numbers are 

offset by 3 slots. This allows the mobile telephone to transmit at different times than it 

receives. This allows the design of the mobile device to be simplified by replacing a 

frequency filter (duplexer) with a more efficient transmit/receive (T/R) switch. 

4.7 Multiframe Structure 

Multiframe are frames that are grouped or linked together to perform spe,cific 

functions. Multiframe on the GSM system use established schedules for specific 

purposes such as coordinating frequency hopping patterns. Multiframe used in the 

GSM system include the 26 traffic multiframe, 51 control multiframe, super frame, and 

hyper frame. 
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4.7.1 Traffic Multiframe Structures 

The 26 traffic multiframe structure is used to send information on the traffic 

channel. The 26 traffic multiframe structure is used to combine user data (traffic), slow 

control signaling (SACCH), and an idle time period. The idle time period allows a 

mobile device to perform other necessary operations such as monitoring the radio signal 

strength level of a beacon channel from other cells. The time interval of a 26 frame 

traffic multiframe is 6 blocks of speech coder data (120msec). 

4.7.2 Control Multiframe Structures 

The 51 control multiframe structure is used to send information on the control 

channel. The 51 frame control multiframe is sub divided into logical channels that 

include the frequency correction burst, the synchronization burst, the broadcast channel 

(BCCH), the paging and access grant channel (P ACCH), and the stand-alone dedicated 

control channel (SDCCH). 

4.7.3 Super frame 

A super frame is a multiframe sequence that combines the period of a 5 lmulti 

frame with 26 multiframe (6.12 seconds).The use of the super frame time period allows 

all mobile devices to scan all the different time frame types at least once. 

4.7.4 Hyper frame 

A hyper frame is a multiframe sequence that is composed of 2048 super frames 

and is the largest time interval in the GSM system (3 hours, 28 minutes, 53 seconds). 

Every time slot during a hyper frame has a sequential number (represented by an 11 

bit counter) that is composed of a frame number and a time slot number. This 

counter allows the hyper frame to synchronize frequency hopping sequence, encryption 

processes for voice privacy of subscriber's conversations. Figure 4.4 shows the 

different types of GSM frame and Multiframe structures. This diagram shows that a 

single GSM frame is composed of 8 time slots. When a radio channel is used to 

provide a control channel, time slot O and the other time slots are used for traffic 
channels. 
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Fifty one frames are grouped together to form control multiframe (for the control 

channel). Twenty six frames are grouped together to form traffic Multiframe (for 

the traffic channels). Super frames are the composition of 26 control multiframe or 51 

traffic multiframes to provide a common time period of 6.12 seconds. Two thousand 

forty eight super frames are grouped together to form a Hyper frame. A Hyper frame 

has the longest time period in the GSM system of 3 hours, 28 minutes, and 53 seconds. 
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Figure 4.4 GSM Basic Frames and Multiframe Structure 

Table 4.1 shows the GSM time intervals. This table shows that key time periods 

in the GSM system range from 3.69 usec for a single bit period to 3 hours, 28 minutes, 

and 53 seconds for a hyper frame period. 

Table 4.1 GSM Time Intervals 
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4.8 Slow Frequency Hopping 

Slow frequency hopping is a process of changing the radio frequencies of a 

communications on a regular basis (pattern). The duration of transmission on a single 

frequency is typically much longer than the amount of time it takes to send several bits 

of digital information. Slow frequency hopping is used to reduce the effects of radio 

signal fading and to minimize the effects of interference from radio channels that are 

operating on the same frequency. 
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Figure 4.5 Slow Frequency Hopping Example 

Radio signal fading is often limited to a specific frequency range. Radio 

frequencies that are separated by more than 1 MHz may not fade simultaneously [iii]. If 

successive time slot bursts are transmitted on different frequencies, if a radio signal 

fade occurs, it will not likely occur on consecutive bursts. The effects of radio signal 

interference that is received from nearby cell sites that operate on the same frequency 

can be reduced by using slow frequency hopping. Interfering radio signals may only 

affect particular time slots. Because frequency hopping is combined with error 

protection that is distributed over multiple time slots (which the GSM system does), a 

signal fade will produce a lower number of bit errors. 
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The hopping sequence pattern is created by the radio system by assigning a 

hopping sequence number (HSN) and a mobile allocation index offset (MAIO).The 

combination of these variables selects a hopping pattern and where the mobile device 

should be operating within the hopping pattern. Figure 4.5 shows a simplified 

diagram of how a slow frequency hopping system transfers information (data) from 

a transmitter to a receiver using many communication channels. This diagram shows a 

transmitter that has a preprogrammed frequency tuning sequence and this frequency 

sequence occurs by hopping from channel frequency to channel frequency. To receive 

information from the transmitter, the receiver uses the exact same hopping sequence. 

When the transmitter and receiver frequency hopping sequences occur exactly at 

the same time, information can transfer from the transmitter to the .receiver .This 

diagram shows that after the transmitter hops to a new frequency, it transmits a burst 

of information (packet of data). Because the receiver hops to the same frequency, it 

can receive the packet of data each time. 

4.9 Discontinuous Reception (Sleep Mode) 

Discontinuous reception (DRx) is a process of turning off a radio receiver when 

it does not expect to receive incoming messages. For DRx to operate, the system must 

coordinate with the mobile radio for the grouping of messages. The mobile device will 

wake up during scheduled periods to look for its messages. This reduces the power 

consumption that extends battery life. This is sometimes called sleep mode. 

The WCDMA system divides the paging channel into sub-channel groups to 

provide for DRx capability. The number of sub-channel groups is determined by the 

system. Each 10 frames contain a paging channel frame. To inform the mobile device of 

the sleep periods, a paging indicator channel (PICH) is used. A paging indicator (PI) 

message is sent at the beginning of the paging channel frame to identify the paging 

channel group. This allows the mobile device to quickly determine if it must keep 

its receiver on during the paging group or if it can turn off its receiver and wait for the 

next paging channel group. The number of the paging sub-channel is determined by the 

last digits of the mobile telephone's international mobile service identity (IMSI). 
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The system parameter information sent on the BCCH identifies the grouping of 

paging sub-channels. The broadcast control channel (BCCH) identifies which 

multiframe contains paging and access messages and which contain sub-paging classes. 

Mobile telephones only need to wakeup for multiframe that is part of its paging sub 

channel. During multiframe that are not part of its paging sub channel, the mobile 

telephone can set an electronic timer to allow receiver and transmitter circuits to be 

turned off until the next multiframe group that may contain paging or control 

messages. The GSM sleep period ranges from approximately 1 to 20 seconds. 

4.10 Discontinuous Transmission (DTx) Operation 

Discontinuous transmission is the ability of a mobile device or communications 

system to inhibit transmission when no activity or reduced activity is present on a 

communications channel. DTx is often used in mobile telephone systems to conserve 

battery life of portable mobile telephones. The GSM system allows the mobile device to 

use DTx by intermittently stopping transmission during periods of low audio speech 

activity. Speech activity is determined by voice activity detection (VAD). When the 

V AD determines that there is no speech activity, it can temporarily shut off the speech 

coder and inhibit the transmitter. To ensure the listener does not feel uncomfortable 

with complete silence periods, a background noise signal may be sent. This 

"comfort noise" is sent to minimize the change in background noise during inactive 

voice. During the silence period, the mobile device may continue to compress the 

background noise and create sent silence descriptor (SID) frames that are sent at a data 

rate of 500 bps. This small amount of data approximates the same background noise 

during the silence periods as occurs during normal speech periods. This provides for 

more uniform communication between the users. 

4.11 Dynamic Time Alignment 

Dynamic time alignment is a technique that allows a radio system base station 

to receive transmitted signals from mobile radios in an exact time slot, even though 

not all mobile telephones are the same distance from the base station. Time 

alignment keeps different mobile radio transmit bursts from colliding or overlapping. 
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Dynamic time alignment is necessary because subscribers are moving, and 

their radio waves arrival time at the base station depends on their changing distance 

from the base station. The greater the distance, the more delay in the signal's arrival 

time. The received burst is used by the mobile telephone to determine when its 

transmission burst should start. The GSM system has some dedicated protection from 

transmission burst overlap. Each transmit burst has a dedicated guard time of 8.25 bits 

(30µsec). This allows mobile devices to operate anywhere in a cell within a distance 

from the cell site of approximately 4.5 km before overlap may occur. When the 

distance of the mobile device exceeds 4.5 km from the cell site, the transmission 

timing is advanced to ensure the transmit burst does not overlap with other mobile 

devices that are operating within that cell's radio coverage area. The transmitter timing 

can be advanced in 1/2 bit steps to a maximum of 237 µsec. This limit the maximum 

distance a GSM mobile telephone can operate from the cell site to approximately 40 

km. 

Figure 4.6 Dynamic Time Alignment 

Figure 4.6 shows how the relative transmitter timing in a mobile radio 

relative to the received signal) is dynamically adjusted to account for the combined 

receive and transmit delays as the mobile radio is located at different distances from 

the base station antenna. In this example, the mobile telephone uses a received burst 

o determine when its burst transmission should start. 
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As the mobile radio moves away from the tower, the transmission time 

increase and this causes the transmitted bursts to slip outside its time slot when it is 

received at the base station (possibly causing overlap to transmissions from other 

radios). When the base station receiver detects the change in slot period reception, it 

sends commands to the mobile telephone to advance its relative transmission time as it 

moves away from the base station and to be retarded as it moves closer. It is possible to 

extend the range of the GSM system beyond the 40 km limit by using extended dynamic 

time alignment. Extended dynamic time assigns the traffic channel to time slots beyond 

the 3 time slots offset. 
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5. LOGICAL CHANNELS 

Logical channels are a portion of a physical communications channel that is used 

for a particular (logical) communications purpose. The physical channel may be divided 

in time, frequency or digital coding to provide for these logical channels. The GSM 

system has two key types of channels; traffic channels and control channels. Channels 

can be shared by multiple users (common channels) or they can be used for one-to-one 

communication (dedicated channels). 

5.1 Traffic Channels 

Traffic channels are the combination of voice and data signals existing within a 

communication channel. 

5.1.1 Traffic Channel or Digital Traffic Channel (TCH or DTC) 

A traffic channel is the combination of voice and data signals existing 

within a communication channel. There are three basic types of traffic channels; full 

rate, half rate and eighth rate. Variants of these channels also exist. A full rate traffic 

channel (TCH/F) dedicates one slot per frame for a communication channel between a 

user and the cellular system. A half rate traffic channel (TCH/H) dedicates one slot per 

every two frames for a communication channel between a user and the cellular system. 

The eighth rate traffic channel (TCH/8) is used only on the SDCCH for exchange of call 

setup and/or short message service, to provide limited data transmission rates. 

5.2 Control Channels 

Control channels are a communication channel that is used in system (such as a 

radio control channel) that is dedicated to the sending and/or receiving of controlling 

messages between devices (such as a base station and a mobile radio). On a mobile 

radio system, the control channel sends messages that include paging (alerting), access 

control (channel assignment) and system broadcast information (access parameters and 

system identification). 
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5.2.1 Broadcast Channels (BCCH) 

Broadcast channels are used to transfer system information such as timing 

references and synchronization information. The broadcast provides system 

information, system configuration information (such a paging channel sleep groups), 

and lists of neighboring radio channels to all mobile devices operating within its radio 

coverage area. Each cell site contains a broadcast channel. Mobile devices usually 

monitor the radio signal strength of cell site broadcast channels to determine which cell 

site may best provide it with service. The broadcast channel includes a frequency 

correction channel and a synchronization channel. 

5.2.2 Frequency Correction Channel (FCCH) 

The frequency correction channel is a signaling channel that provides reference 

information that allows the mobile device to adjust its frequency so it can better decode 

the received signals. The frequency correction channel transmission burst occurs before 

the timing synchronization burst. 

5.2.3 Synchronization Channel (SCH) 

The synchronization channel is a signaling channel that provides the system 

timing information that a mobile device needs to adjust its timing so that it can better 

align, decode, and measure other communication channels. 

5.2.4 Cell Broadcast Channel (CBCH) 

A cell broadcast channel is 2an optional channel that carries short messages on 

the broadcast channel. Each CBCH can transfer about one 80 octet message every 2 

seconds [iv]. If the CBCH is included, it shares the same control channel multiframe 

with the BCCH. This means that CBCH messages can be received in addition to 

receiving all the BCCH messages. 
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5.2.5 Common Control Channel (CCCH) 

The common control channel is used to coordinate the control of mobile devices 

operating within its cell radio coverage area. GSM control channels include the 

random access channel (RACH), paging channel (PCH), and access grant channel 

(AGCH). 

5.2.6 Random Access Channel (RACH) 

The random access channel is a signaling control channel that is used by mobile 

devices to initiate requests for access to the communication system. Responses to 

service requests that are sent on a RACH channel are provided on the downlink access 

grant channel (AGCH). 

5.2. 7 Paging Channel (PCH) 

The paging channel is used to send messages (page messages) that alert mobile 

device of an incoming telephone call (voice call), request for a communicate session 

(data session), or to request a maintenance service (e.g. location registration update). To 

alert a mobile device of an incoming call, the paging channel can send a 

temporary mobile station identity (TMSI) or the international mobile subscriber 

identity (IMSI). In addition to sending paging messages, the paging channel is also 

used to provide information about discontinuous reception (DRx) that allows the 

mobile device to tum off its circuitry (sleep) during periods between paging groups. 

5.2.8 Access Grant Channel (AGCH) 

The access grant channel is used to assign a mobile device to a channel where it 

can begin to communicate with the system. In some cases, the AGCH may assign the 

mobile device directly to a traffic channel or it may be assigned to an interim control 

channel where it can communicate with the system before being assigned to a traffic 

channel. 
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5.2.9 Random Access Channel (RACH) 

The random access channel is a signaling control channel that is used by mobile 

devices to initiate requests for access to the communication system. Responses to 

service requests that are sent on a RACH are provided on the access grant channel 

(AGCH).Because the distance between the mobile device and the cell site is not 

typically known when it accesses the system, the access request is attempted using 
a shortened transmission burst. 

This prevents potential overlap of the transmission burst with adjacent time slots 

for the same cell site. Figure 5.1 shows the basic logical channels used in the GSM 

system. This diagram shows that the TDMA physical channel is divided into a control 

channel (time slot 0) and a traffic channel (time slot 4 in this example). The forward 

logical control channels include the frequency correction channel, synchronization 

channel, broadcast channel, paging channel, and access grant channel and the reverse 

logical control channel includes an access request channel. The traffic channel carries 

user data in both directions. This example shows that while on the traffic channel, 

fast control channel messages (F ACCH) and slow control channel messages 
(SACCH) can be sent. 
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Figure 5.1 Logical Channels Used in GSM Systems 
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5.3 Dedicated Control Channel Signaling 

Dedicated control channels are a signaling channel that is used solely for control 

of a specific device. The GSM system uses dedicated control channels to assist with 

radio channel assignment and to control the mobile telephone while it is on a traffic 

channel (voice call or data session). 

5.3.1 Stand Alone Dedicated Control Channel (SDCCH) 

The stand alone dedicated control channel is a signaling channel that can be 

used to coordinate the radio channel assignment of a mobile device after it has 

successfully competed for access. The SDCCH channel is used for off air call 

setup (OACSU) to allow the mobile device to authenticate and complete other control 

processes without being assigned to a dedicated traffic channel. 

5.4 Traffic Channel Signaling 

Signaling on the traffic channel is divided into two channels; the Fast Associated 

Control Channel (F ACCH) and the Slow Associated Control Channel (SACCH). The 

FACCH replaces speech with signal data. The SACCH uses dedicated (scheduled) 

frames within each burst. 

5.4.1 Slow Associated Control Channel (SACCH) 

Slow associated control channel (SACCH) is used to continuously transmit 

certain call processing and control signals at a low bit rate. The SACCH is normally 

sent along with user data so it does not subtract or use bits from the user data portion. It 

is therefore sometimes called "out of band" transmission. In full-rate GSM systems, 

the SACCH data is transmitted in the same time slot that would otherwise be used for 

digital subscriber traffic. During a scheduled sequence of 26 transmission frames, 24 

of these carry digital subscriber traffic, one carries SACCH data, and one is not used. 

SACCH is primarily used to transfer radio channel signal quality information from 

the mobile device to the base station to assist with the handover process. 
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Because SACCH messages do not replace user data (voice signals), the sending 

of SACCH messages does not affect the quality of speech. However, the data 

transmission rate of the SACCH is very low and the transmission delay is 

approximately V2 second. Figure 5.2 illustrates the SACCH signaling process. This 

example shows that SACCH messages do not replace voice data, it is sent on a 

dedicated SACCH time slot on 26 traffic multiframe. Because the SACCH message is 

distributed over multiple time slots, each SACCH message experiences a delay of 

approximately 480 msec. 
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Figure 5.2 SACCH Signal in 

5.4.2 Fast Associated Control Channel (F ACCH) 

Fast associated control channel (F ACCH) is a logical channel on a digital 

traffic channel that is typically used to send urgent signaling control messages (such as 

a handoff or power control message). The FACCH sends messages by replacing 

speech data with signaling data for short periods of time. In GSM two special reserved 

bits are used to inform the receiving device if the data in the current time slot is digitally 

coded subscriber traffic or alternatively a FACCH message. FACCH messaging is also 

called "in band" signaling. F ACCH messages are transmitted over 8 sequential channel 

bursts. The sending of FACCH messages replaces user data (usually voice information) 

and this can degrade speech quality. Because the losses of audio are for very brief 

periods and the sounds humans' produce does not rapidly change, the speech frames lost 

due to FACCH messages can be recreated using previous good (successfully 

received) speech frames. 
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When this occurs, the user hears a brief repeat of a speech sound (for 20 

milliseconds) in place of a silence period or noise distortion. Figure 5.3 shows the basic 

GSM F ACCH signaling process. This diagram shows that the F ACCH data replaces 

(discards) speech frames and replaces them with the FACCH control message data. 

Each FACCH message is transmitted over 8 sequential channel bursts. The speech 

information that would normally be transmitted during FACCH transmission is 

discarded. 

Figure 5.3 F ACCH Signaling 

5.4.3 DTMF Signaling 

Dual tone multi frequency (DTMF) signaling is a means of transferring 

information from a user to the telephone network through the use of in-band audio 

tones. Each digit of information is assigned a simultaneous combination of one of a 

lower group of frequencies and one of a higher group of frequencies to represent each 

digit or character. There are 8 tones that are capable of producing 16 combinations; 0-9, 

*, #, A-D. The letters A-D are normally used for non-traditional systems (such as the 

military telephone systems). DTMF tones are commonly used to control telephone 

accessories such as voice mailboxes and interactive voice response (IVR) systems. 

Unfortunately, DTMF signals are distorted as they pass through the speech coder. 

The GSM speech coder adds "twist" distortion that changes the relative 

amplitude of the tone components of the DTMF signal. Sending DTMF tones 

through radio channels can also have other impairments. Burst errors that occur during 

transmission can result in momentary gaps in audio. A momentary gap in audio could 

result in the false interpretation that at DTMF tone has stopped and a new DTMF has 

started. 
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To overcome these challenges, a DTMF tone generator is used into the 

GSM system to recreate DTMF tones from key presses at the mobile telephone. 

DTMF signals are sent as DTMF start and DTMF stop messages rather than 

actual tones. 

Figure 5.4 DTMF Signaling 

Figure 5.4 shows how DTMF signals are sent through a GSM system. This 

example shows that when a user presses the #2 key, a DTMF start message is 

transmitted. When this message is received at the GSM system, a DTMF #2 tone is 

created by a DTMF generator. When the user releases the key, a DTMF end message 

is transmitted. This turns off the DTMF generator in the GSM system. 
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6. GSM NETWORK AND DEVICE ADDRESSING 

GSM networks consist of cell site radio towers, communication links, switching 

center(s) and network databases and link to public telephone and data networks. The 

main switching system in the GSM wireless network is the mobile switching center 

(MSC). The MSC coordinates the overall allocation and routing of calls throughout the 

wireless system. Inter-system connections can link different wireless network systems 

to allow wireless telephones to move from cell site to cell site and system to system. 

The GSM system defines inter-system connections in detail to allow universal and 

uniform service availability GSM wireless devices. 

The GSM system can be divided into a base station subsystem (BSS), a network 

and switching system (NSS), and an operation and maintenance subsystem (OMS). The 

radio parts of the GSM network are contained in the BSS. The switching, databases, and 

interconnection parts are contained in the NSS. The OMS contains the necessary system 

to monitor and diagnose system operation. Figure 6.1 shows a simplified functional 

diagram of a GSM network. This diagram shows that the GSM system provides for 

packet data, circuit data, and voice services. Medium-speed circuit data services 

(up to 56 kbps) are provided by combining multiple coded channels on a single GSM 

radio channel. 

This diagram shows that the Base Station (BTS) contains a radio transceiver 

(radio and transmitter) that converts the radio signal into a data signal ( data and digital 

voice) that can transfer through the network. The BTS is connected to a base station 

controller (BSC) that coordinates the radio channel assignments. In this example (there 

are other possible configurations), the packet data at the BSC is routed to a serving 

GPRS service node (SGSN) and the SGSN is connected to a gateway GPRS service 

node (GGSN). The circuit switched digital data at the BSC is routed to the mobile 

switching center (MSC) for connection to the public telephone network and to a data 

network through an inter-working function (IWF). 
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Figure 6.1 GSM Network Parts 

6.1 Base Stations 

Base stations may be stand alone transmission systems that are part of a cell site 

and is composed of an antenna system (typically a radio tower), building, and base 

station radio equipment. Base station radio equipment consists of RF equipment 

(transceivers and antenna interface equipment), controllers, and power supplies. Node B 

transceivers have many of the same functional elements as a wireless telephone. 

However, base station radios are coordinated by the GSM system's BSC and have 

many additional functions than a mobile telephone. 

The radio transceiver section is divided into transmitter and receiver assemblies. 

The transmitter section converts a voice signal to RF for transmission to wireless 

telephones and the receiver section converts RF from the wireless telephone to 

voice signals routed to the MSC or packet switching network. The controller section 

commands insertion and extraction of signaling information; Unlike the wireless 

telephone, the transmit, receive, and control sections of a Node B base station are 

usually grouped into equipment racks. For example, a single equipment rack may 

contain all of the RF amplifiers or voice channel cards. Unlike analog or early-version 

digital cellular systems that dedicated one transceiver in each base station for a control 

channel, the UMTS system combines control channels and voice channels are mixed on 

a single physical radio channel. The components of a base station include transceiver 

assemblies, usually mounted in an equipment rack, each containing multiple assemblies 

or modules, one for each 5 MHz RF channel. 
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Base station components include the voice or data cards (sometimes called line 

cards), radio transmitters and receivers, power supplies, and antenna assemblies. Analog 

base stations are equipped with a radio channel scanning receiver (sometimes called a 

locating receiver) to measure wireless telephones' signal strength and channel quality 

during handover. The UMTS handover process has the advantage of using both base 

station receiver channel monitoring and radio channel quality information provided 

back to the system by the wireless telephones (radio signal strength and bit error rate) to 

assist in the handover process. This information greatly improves the RNCs hand-off 

decisions. 

6.1.1 Radio Antenna Towers 

Wireless base station antenna heights can vary from a few feet to more than 

three hundred feet. Radio towers raise the height of antennas to provide greater area 

coverage. There may be several different antenna systems mounted on the same radio 

tower. These other antennas may be used for paging systems, a point to point 

microwave communication link, or land mobile radio (LMR) dispatch systems. Shared 

use of towers by different types of radio systems in this way is very common, due to 

the economies realized by sharing the cost of the tower and shelter. However, great 

car must be taken in the installation and testing to avoid mutual radio interference 

between the various systems. A typical cell site antenna system has multiple antennas. 

One antenna is used for transmitting and two are used for reception for each radio 

coverage sector. In some cases, where space or other limitations prevent the use of 

three separate antennas, two antennas may be used, with one of the two serving as both 

a transmitter and a receiving antenna, and the other as a receiving antenna only. 

Special radio frequency filters are used with the shared antenna to prevent the 

strong transmit signal from causing deleterious effects on the receiver. The basic 

antenna options are monopole mount, guy wire, free standing, or man made structures 

such as water towers, office buildings, and church steeples. Monopole heights range 

from 30-70 feet; free standing towers range from 20-100 feet; and guy wire towers can 

exceed 300 feet. Cell site radio antennas can also be disguised to fit in with the 

surroundings. 
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6.1.2 Radio Equipment 

A radio transmitter in the base station contains audio processing, modulation, 

and RF power amplifier assemblies. An audio processing section converts digital audio 

signals from the communications link to channel coded and phase shift modulated 

signals. The transmitter audio section also inserts control information such as power 

control messages to the wireless telephone. A modulation section converts the audio 

signals into proportional phase shifts at the carrier frequency. 

The RF power amplifier boosts the signal too much higher power levels. This is 

typically several Watts per RF communication channel compared to the low power of 

the wireless telephone (typically much less than 1 Watt). In the UMTS system, the 

transmitter power level for the control channel is usually fixed to define the cell 

boundaries (e.g. a control channel). The power level of dedicated (individual) channels 

may dynamically change to the lowest level possible that allows quality 

communication with the wireless telephone. This reduction in energy level reduces 

the overall interference to other wireless telephones that are operating in neighboring 

cells. 

6.1.3 Communication Links 

Communication links carry both data and voice information between the MSC, 

BSCs and the base stations. Options for the physical connections include wire, 

microwave, or fiber optic links. Alternate communication links are sometimes provided 

to prevent a single communication link failure from disabling communication [ v]. 

Some terrain conditions may prohibit the use of one type of communication link. For 

example, microwave systems are not usually used in extremely earthquake-prone 

areas because they require precise line-of-sight connection. Small shifts in the earth 

can miss-align microwave transceivers to break communications. Regardless of the 

physical type of communication link, the channel formats usually the same. 

Communication links are typically digital time-multiplexed to increase the efficiency of 

the communication line. The standard format for time-multiplexing communication 

channels between cell sites in North America is the 24 channel Tl line, or multiple Tl 

channels. The standard format outside of North America is the 32 channel (30 useable 

channels) El line. 
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6.2 Repeaters 

Repeaters are radio amplifiers that can be used to extend or redirect radio 

coverage. Repeaters can be a simple remote amplifier or an intelligent frequency 

translating device. Repeaters are located within the radio coverage area of another base 

station. The repeater amplifies desired incoming signals and retransmits the signal. The 

advantage is that the antennas can be located at a longer distance from the base station 

and it can also provide a greater link budget advantage. 

This translates into greater coverage and fewer interconnected cell sites required. 

Simple repeaters simply boost (amplify) the radio signal in both direction. More 

advanced frequency translating repeaters receive and decode an RF signal, process the 

information (changing a few bits), and retransmit the signal on a new frequency. For 

simple amplifying repeaters, it is important to separate the radio sensing part from 

the retransmission part to avoid feedback from the repeater's transmitter into its own 

receiver. While repeaters are used in GSM systems, there is a maximum distance 

(maximum number of hops) that repeater signals can be retransmitted. This is due to the 

transmission time and the maximum time delay. To get extended range from GSM 

repeaters, extended dynamic time alignment can be used. Extended dynamic time 

alignment allows the maximum time delay to exceed 3 time slots. 

6.3 Switching Centers 

A switching center coordinates all communication channels and processes. 

There are two types of switches used in the GSM system; a mobile switching center 

(MSC) and a packet switching system. The switching assembly connects the base 

stations and other networks such as the PSTN or the Internet with either a 

physical connection (analog) or a logical path (digital). Early analog switches 

required a physical connection between switch paths. Today's switches use digital 

switching assemblies that are high-speed matrix memory storage and retrieval systems. 

These systems provide connections between incoming and outgoing communication 

lines. 
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6.3.1 Mobile Switching Centre (MSC) 

The mobile switching centre (MSC) processes requests for service from mobile 

devices and line callers, and routes calls between the base stations and the public 

switched telephone network (PSTN). The MSC receives the dialed digits, creates and 

interprets call processing tones, and routes the call paths. The basic components of an 

MSC include system and communication controllers, switching assembly, operator 

terminals, primary and backup power supplies, wireless telephone database registers, 

and in some cases, an (subscriber validation) center. 

A system controller coordinates the MSC' s operations. A communications 

controller adapts voice signals and controls the communication links. The switching 

assembly connects the links between the base station and PSTN. Operator terminals 

are used to enter commands and display system information. Power supplies and backup 

energy sources power the equipment. Subscriber databases include a Home Location 

Register (HLR), used to track home wireless telephones, and a Visitor Location Register 

(VLR) for wireless telephones temporarily visiting or permanently operating in the 

system. The authentication center (AC) stores and processes secret keys required to 

validate the identity of wireless telephones. 

The GSM system defines two types of MSC; the serving mobile switching 

centers (SMSC) and the gateway mobile switching center (GMSC). This is the logical 

separation of the MSC for directly controlling the mobile telephone and providing 

a bridge between other networks. The serving mobile switching center (SMSC) is 

the switch that is connected to the RNC that is providing service directly to the 

mobile telephone. The SMSC is responsible for coordinating the transfer of calls 

between different BSC's. When the call is transferred to BSC's that are connected to a 

different MSC, the role of SMSC will be transferred to the new MSC. The gateway 

MSC (GMSC) is the point where the GSM network is connected to the public circuit 

switched networks (typically the PSTN). All PSTN call connections must enter or leave 

through the GMSC. The GMSC maintains communication with the SMSC as calls 

are transferred from one system (or different MSCs within a system) to another. 
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A serving general packet radio service support node is a switching" node 19S'o' 

that coordinates the operation of packet radios that are operating within its service 

coverage range. The SGSN operates in a similar process of a MSC and a VLR, except 

the SGSN performs packet switching instead of circuit switching. The SGSN registers 

and maintains a list of active packet data radios in its network and coordinates the 

packet transfer between the mobile radios. 

6.3.3 Gateway GPRS Support Node (GGSN) 

A gateway GPRS support node is a packet switching system that is used to 

connect a GPRS packet data communication network to other packet networks such as 

the internet. 

6.4 Network Databases 

There are many network databases in the GSM network. Some of the key 

network databases include a master subscriber database (home location register), 

temporary active user subscriber database (visitor location register), unauthorized or 

suspect user database ( equipment identity register), billing database, and authorization 

and validation center (authentication). 

6.4.1 Home Location Register (HLR) 

The home location register (HLR) is a subscriber database containing each 

customer's international mobile subscriber identity (IMSI) and international mobile 

equipment identifier (IMEi) to uniquely identify each customer. There is usually only 

one HLR for each carrier even though each carrier may have many MSCs. The HLR 

holds each customer's user profile which includes the selected long distance carrier, 

calling restrictions, service fee charge rates, and other selected network options. The 

subscriber can change and store the changes for some feature options in the HLR (such 

as call forwarding). 
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The MSC system controller uses this information to authorize system access and 

process individual call billing. The HLR is a magnetic storage device for a computer 

(commonly called a hard disk). Subscriber databases are critical, so they are usually 

regularly backed up, typically on tape or CD ROM, to restore the information if the HLR 

system fails. 

6.4.2 Visitor Location Register (VLR) 

The visitor location register (VLR) contains a subset of a subscriber's HLR 

information for use while a mobile telephone is active on a particular MSC. The VLR 

holds both visiting and home customer's information. The VLR eliminates the need for 

the MSC to continually check with the mobile telephone's HLR each time access is 

attempted. The user's required HLR information is temporarily stored in the VLR 

memory, and then erased either when the wireless telephone registers with another MSC 

or in another system or after a specified period of inactivity. 

6.4.3 Equipment Identity Register (EIR) 

The equipment identity register is a database that contains the identity of 

telecommunications devices (such as wireless telephones) and the status of these 

devices in the network (such as authorized or not-authorized). The EIR is primarily used 

to identify wireless telephones that may have been stolen or have questionable usage 

patterns that may indicate fraudulent use. The EIR has three types of lists; white, black 

and gray. The white list holds known good IMEis. The black list holds invalid (barred) 

IMEis. The gray list holds IMEis that may be suspect for fraud or are being tested for 

validation. 

6.4.4 Billing Center (BC) 

A separate database, called the billing center, keeps records on billing. The 

billing center receives individual call records from MSCs and other network equipment. 

The switching records (connection and data transfer records) are converted into call 

detail records (CDRs) that hold the time, type of service, connection points, and other 

details about the network usage that is associated with a specific user identification 

code. 
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The format of these CDRs is transferred account procedure (TAP) format. The 

TAP format CDR has evolved into the flexible TAP3 system. The T AP3 system (3rd 

generation TAP protocol) includes flexible billing record formats for voice and data 

usage. These billing records are then transferred via tape or data link to a separate 

computer typically by electronic data interchange (EDI) to a billing system or company 

that can settle bills between different service providers (a clearinghouse company). 

6.4.5 Authentication Center (AtrC] 

The Authentication Center (AuC) stores and processes information that is 

required to validate the identity ("authenticate") of a wireless telephone before service is 

provided. During the authentication procedure, the AC processes information from the 

wireless telephone (e.g. IMSI, secret keys) along with a random number that is also 

used by the mobile telephone to produce an authentication response. The AuC compares 

its authentication response results to the authentication response received from the 

mobile telephone. If the processed information matches, the wireless telephone passes. 

6.4.6 SMS Service Center (SC) 

The SMS service center (SC) receives, stores, delivers, and confirms receipt of 

short messages. 

6.4.7 Group Call Register (GCR) 

A group call register is a network database that holds a list of group members 

and the attributes that allow the set-up and processing of calls to and from group 

members. The GCR holds the membership lists, account features, priority authorization 

and the current location of group members. 

Authentication, authorization, and accounting are the processes used in 

validating the claimed identity of an end user or a device, such as a host, server, switch, 

or router in a communication network. Authorization is the act of granting access rights 

to a user, groups of users, system, or a process. Accounting is the method to establish 

who, or what, performed a certain action, such as tracking user connection and logging 

system users. 

6.4.8 Authentication, Authorization, and Accounting (AAA) 
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6.5Wireless Network System Interconnection 

System interconnection involves the connection of user data and signaling 

control messages between different systems. GSM systems are typically connected to 

public switched telephone network (PSTN) and data networks such as the Internet. 

Subscribers can only visit different wireless systems (ROAM) if the systems 

communicate with each other to handover between systems, verify Roamers, 

automatically deliver calls, and operate features uniformly. Fortunately, cellular systems 

can use standard protocols to directly communicate with each other. 

These inter-system communications use brief packets of data sent via the X.25 

packet data network (PDN) or the SS7 PSTN signaling network. SS7 and X.25 are 

essentially private data communication networks. SS7, which is used by the telephone 

companies, is available only to telephone companies for direct routing using telephone 

numbers. The X.25 network does not route directly using telephone numbers. Some 

MSCs also use other proprietary data connections. No voice information is sent on the 

SS7 or X.25 networks. Only inter-system signaling such as SS7 mobile applications part 

(MAP) and intersystem signaling standard 41 (IS-41) is sent between networks to 

establish, authenticate and maintain communication paths. Ideally, inter-system 

signaling is independent of cellular network radio technology, but this can be difficult 

between systems where radio technologies differ. Consider inter-system hand-off 

between a GSM capable and a UMTS capable cell site (assuming the wireless 

telephones were capable of both). The UMTS system uses soft handover while GSM 

does not. 

As new features in wireless networks are added, inter-system signaling 

messages, standards that define them, and equipment that processes them must change. 

Communication between MSCs is performed either by a proprietary or standard 

protocol. Standard protocols such as SS7 mobile applications part (MAP) or IS-41 allow 

MSCs of different makes to communicate with few or no changes to the MSC. 

Regardless of whether a standard (e.g. IS-41) protocol or a manufacturer's private 

(proprietary) protocol is used, the underlying data transferred via inter-system signaling 

is the same. 
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If changes are required to communicate with a different protocol, an interface 

(protocol converter) changes the proprietary protocol to standard protocol. The interface 

has a buffer that temporarily stores data elements being sent by the MSC and reformats 

it to the SS7 MAP or IS-41 protocol. Another buffer stores data until it can be sent via 

the control signaling network. 

6.5.1 Public Switched Telephone Network (PSTN) 

Public switched telephone networks are communication systems that are 

available for public to allow users to interconnect communication devices. Public 

telephone networks within countries and regions are standard integrated systems of 

transmission and switching facilities, signaling processors, and associated operations 

support systems that allow communication devices to communicate with each other 

when they operate. 

6.5.2 Public Packet Data Network (PPDN) 

A packet data network that is generally available for commercial users (the 

public). An example of a PPDN is the Internet. 

6.5.3 Interworking Function (IWFl 

Interworking functions are systems and/or processes that attach to a 

communications network that is used to process and adapt information between 

dissimilar types of network systems. IWFs in the GSM system may include data 

gateways that convert circuit switched data from the MSC to the Internet. 

6.6 Customized Applications for Mobile Network Enhanced Logic 

(CAMEL) 

Customized applications for mobile network enhanced logic are an intelligent 

network service specification that allows service providers to create custom service 

applications for mobile telephone systems. CAMEL operates on a "services creation 

node" in a GSM or WCDMA network. Examples of CAMEL applications include time 

of day call forwarding, multiple telephone extension service, and automatic call 

initiation on special conditions (trigger). 
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6. 7 Device Addressing 

GSM mobile terminals are uniquely identified by the mobile identification 

number through the use of mobile station ISDN (MSISDN), of International Mobile 

Subscriber Identity (IMSI), International Mobile Equipment Identifier (IMEi), and a 

temporary mobile station identity (TMSI). In addition temporary IP addresses may be 

assigned, as required. 

6.7.1 Mobile Station ISDN (MSISDN) 

The mobile station ISDN is the phone number assigned to mobile telephones. 

This number is compatible with the E.164 international public telephone numbering 

plan. 

6.7.2 International Mobile Subscriber Identity (IMSI) 

The international mobile subscriber identity is an identification number for that 

is assigned by a mobile system operator to uniquely identify a mobile telephone. 

6.7.3 International Mobile Equipment Identifier (IMEi) 

An International Mobile Equipment Identifier (IMEi) is an electronic serial 

number that is contained in a GSM mobile radio. The IMEi is composed of 14 digits. 

Six digits are used for the type approval code (TAC), two digits are used for the final 

assembly code (FAC), six digits are used for the serial number and two digits are used 

for the software version number. 

6.7.4 Temporary Mobile Station Identity (TMSI) 

A temporary mobile station identity (TMSI) is a number that is used to 

temporarily identify a mobile device that is operating in a local system. A TMSI is 

typically assigned to a mobile device by the system during its' initial registration. The 

TMSI is used instead of the International Mobile Subscriber Identity (IMSI) or the 

mobile directory number (MDN). TMSis may be used to provide increased privacy 

(keeping the telephone number private) and to reduce the number of bits that are sent on 

the paging channel (the number of bits for a TMSI are much lower than the number of 

bits that represent an IMSI or MDN). 
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7. GSM SYSTEM OPERATION 

There are many other processes a mobile telephone must perform to operate in a 

GSM network. The basic call processing operation of a mobile telephone includes 

initialization, call origination, call reception (paging), and handover. When a subscriber 

unit is first powered on, it initializes by scanning for a control channel and tuning to the 

strongest one it finds. During initialization, it acquires all of the system information 

needed to monitor for paging messages and information about how to access the system. 

After initialization, the subscriber unit enters idle (sleep and wake cycle) mode 

and waits either to be paged for an incoming call or for the user to place a call (access). 

When a call is to be received or placed, the subscriber unit enters system access mode to 

try to access the system via a control channel. When access is granted, the control 

channel commands the subscriber unit to tune to a digital traffic channel. The subscriber 

unit tunes to the designated channel, and enters conversation mode. As the subscriber 

unit moves out of range of one cell site radio coverage area, it is handed over to a radio 

traffic channel at another nearby cell site. 

7 .1 Mobile Telephone Initialization 

Mobile telephone initialization is the process of a mobile device searching for a 

system broadcast radio channel, synchronizing with the system and obtaining system 

parameters that it will use to coordinate its access to the system. Initialization phase 

begins when the mobile device is first turned on. It initially looks to the subscriber 

identity module (SIM) card for a preferred control channel list. 

If there is no list, the mobile device scans all of the available radio channels to 

find a control channel. Broadcast channel information includes system identification and 

access control information (such as access priorities and initial transmit power levels). A 

mobile telephone may find several broadcast radio channels that have acceptable signal 

strength levels. It may be programmed to use the radio channel with the highest signal 

level or it may prefer to use radio channels that are from its preferred system (e.g. home 

system). 
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7 .2 Updating Location (Registration} 

Location registration is the process that is used by mobile devices to inform the 

wireless system of their location and availability to receive communications services 

(such as incoming calls). The reception ofregistration requests allows a wireless system 

to route incoming messages to the radio base station or transmitter where the mobile 

device has recently registered. The process of registration is typically continuous. 

Mobile devices register when they power on, when they move between new 

radio coverage areas, when requested by the system, and when the mobile device is 

power off. Because the registration process consumes resources of the system ( channel 

capacity and system servicing capacity), there is a tradeoff between regularly 

maintaining registration information and the capacity of the system. During periods of 

high system usage activity, registration processes may be reduced. 

7.3 Waiting for Calls (Idle) 

During idle mode, the mobile device monitors the control channel to update 

system access parameters, to determine if it has been paged or received an order, or to 

initiate a call (if the user is placing a call) or to start a data session (if the user has 

started a data application). If the mobile device has discontinuous reception (sleep 

mode) capability, and if the system supports it, the mobile device turns off its receiver 

and other non-essential circuitry for a fixed number of burst periods. The system knows 

that it has commanded the mobile device to sleep, so it does not send pages designated 

for that mobile device during the sleep period. 

Because control channels are on only one of the 8 time slots in a frame, the 

mobile device can scan neighboring control channels during the unused time slots. If a 

better control channel (higher signal strength or better bit error rate) is available, the 

mobile device may retune to the new channel frequency. The mobile device then 

monitors the paging control channel to determine if it has received a page. If a call is to 

be received, an internal flag is set indicating that the mobile device is entering access 

mode in response to a page. 
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If the system sends an order such as a registration message, an internal flag is set 

indicating that the mobile device is attempting access in response to an order. When a 

user initiates a call, an internal flag is set indicating that the access attempt is a call 

origination, and dialed digits will follow the access request. 

7 .4 System Access 

System access control is the process of gaining the attention of the system, 

obtaining authorization to use system services, and the initial assignment to the 

communication channel to setup a communication session. Access control and initial 

assignment occurs when a mobile device responds to a page (incoming connection 

request), desires to setup a call, or any attempt by the mobile device. Access to the GSM 

system is a random occurrence (not usually preplanned). To avoid access "collisions" 

between mobile devices, a seizure collision avoidance process is used. 

Before a mobile device attempts access to the system, it first waits until the 

channel is available (not busy serving other users). The mobile device then begins 

transmitting an access request message on the random access channel (RACH) at a 

power level assigned by the broadcast channel. The access request message uses a 

shortened burst that has a predefined sequence that allows the system to easily detect 

that an access request message has been sent. Using a shortened burst (87 bits) also 

prevents the potential of overlapping the transmission burst with adjacent time slots 

when the cell size is larger than the guard period allows ( 4.5 km). 

The access competition process includes sending a request sent on the RACH (in 

a particular slot), listening to the system to determine if it has recognized and responded 

to the access request, waiting a random amount of time before sending another access 

request if the system has not responded, and limiting the maximum number of access 

attempts to a value the mobile device has received from the system. To uniquely 

identify access request messages, the mobile device creates and sends a 5-bit random 

number inside the access request. The mobile device reviews the access response 

message to determine if the system is responding to its access request message or if it is 

responding to the access request of another mobile device. If an access request message 

does not gain the attention of the system in an expected period of time, the mobile 

device will wait a random amount of time and retransmit an access request message. 
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Each time this process repeats, the mobile device will increase in the random 

wait time until the mobile device has reached the maximum number of system access 

requests allowed by the system. If the system acknowledges the mobile device's request 

for service, the mobile device will send additional information to the system that allows 

it to setup a dedicated communications channel where conversation or data transmission 

can begin. The dedicated communication channel may be a traffic channel (for user 

voice and data) or an interim signaling channel, the stand alone dedicated control 

channel (SDCCH), which allows the mobile device to setup (e.g. authenticate) while it 

is waiting for a traffic channel assignment. 

7 .5 Mobile Call Origination 

Mobile call origination is the process of initiating a communication session by a 

mobile device. Mobile origination typically occurs when a user dials a telephone 

number and presses the SEND button. When initiating a call, a mobile telephone 

attempts to gain service from the GSM system by transmitting a system access request 

and indicating the access request is a call origination type. The access type is indicated 

by a 3-bit code that is contained in the access request message. 

Figure 7.1 Mobile Call Origination 

Figure 7 .1 shows a functional diagram of how a mobile telephone initiates a call 

to a GSM network. In step 1, the mobile telephone sends system access requests 

message indicating it desires to initiate a call. 
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When the system acknowledges the request, the mobile telephone is assigned to 

a traffic channel (step 2). The dialed digits are then sent to the system and the call is 

routed to the destination telephone (step 3). If the called person answers, the GSM 

system will open an audio path between the GSM user and the destination telephone 

(step 4). 

7.6 Transferring Calls between Cell Sites (Handover) 

Handover is a process where a mobile device that is operating on a particular 

channel is reassigned to a new channel. This can be a new frequency channel, new code 

channel, or a new logical channel. The handoff process is often used to allow 

subscribers to travel throughout the large radio system coverage area by switching the 

calls (handoff) from cell-to-cell (and different channels) with better coverage for that 

particular area when poor quality conversation is detected. 

Handoff may also occur when a mobile device requests a service that can only 

be provided by a radio channel that has different service capabilities. This might mean 

assignment from a GSM traffic (voice) channel to a GPRS packet data channel. The 

GSM system can handover a communication channel when the base station controller 

(BSC) determines the radio channel quality between the mobile device and the base 

station has fallen below an acceptable level and a better radio channel is available for 

call transfer. The BSC can use information that it receives from the mobile device to 

assist in its' handover decisions. The mobile device can measure the received signal 

strength (RSSI) and bit error rate (BER) and return this information to the BSC via the 

base station. The frame structure of the GSM radio channel allows mobile telephones to 

monitor nearby base station radio channels during idle time slots. 

The GSM system provides the mobile telephone with a list of nearby cell site 

radio channels on the broadcast control channel. The mobile device provides channel 

quality information back to the system on the list of candidate radio channels. When the 

GSM system determines that the mobile telephone signal quality has fallen below a 

desired level and it has available radio channels in the area, a handover message is sent 

to the mobile telephone. This commands it to tune to a new radio channel during the 

handoff command; the system may send a shortened transmission bursts to avoid 

potential collisions due to unknown distance and time alignment. 
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The use of a shortened burst means that some additional user data information 

will be lost during the transfer. To avoid using a shortened burst during handoff, the 
I 

mobile telephone may pre-time synchronize to the new radio channel? This allows the 

mobile telephone to immediately transmit normal audio bursts during the handover 

process. 

7.7 Receiving a Call on a Mobile Telephone 

The GSM system sends paging messages to alert mobile devices that they are 

receiving a call, command, or message. Mobile devices listen for paging messages with 

their identification code (IMSI number or TMSI) on a paging channel. After a mobile 

device has registered with the system, it is assigned to a paging group. The paging 

group is identified by a paging indicator (Pl) that is provided at the beginning of the 

paging message group. The mobile device first reads the PI to determine if it should 

remain awake to receive the paging group or if it can go to sleep as its identification 

code is not associated with the particular paging group. 

Figure 7.2 Receiving a Call on a Mobile 
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To receive a call, the mobile device synchronizes to the system and 

continuously monitors the paging channel. When the mobile device receives its 

identification number on the paging channel, it will attempt to access the mobile system 

indicating its access request is in response to a paging message. The system may then 

validate the identity of the mobile device and assign it to a traffic channel. 

The mobile device then alerts the user of an incoming call (ringing the mobile 

device) and if the user answers the call (pressing SEND), the mobile device alerts the 

system the call has been answered and the cellular system can connect the audio path 

between the mobile device and the caller. Figure 7 .2 shows the basic process for 

receiving calls on a GSM system. In step 1, the mobile telephone receives a page 

message in its paging group. The mobile telephone sends access request messages to the 

system indicating the access is in response to a page message (step 2). The system 

assigns the mobile telephone to a traffic channel (step 3). The audio paths are then 

opened between the caller and the mobile telephone (step 4). 

7 .8 Conversation Mode 

Conversation mode is the process of managing the communication session when 

a mobile device is transferring voice signals to and from a base station. When in the 

conversation mode, the base transceiver station (BTS) continuously controls the mobile 

device during the communication session. These control tasks include power level 

control, handover, alerting, etc. The base station exercises control during the 

communication session through signaling on control channels. 

To enter the conversation mode, the base station must open a communication 

channel with the mobile device. When the connection is opened, each frame or packet 

that is received by the- base station can be transferred to the assigned communication 

line or channel on a multichannel communication line. When a communication session 

is complete (e.g. the user presses end or closes their email or web browsing application), 

the connection is closed and the base station may assign other users to the radio 

resources. 
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7 .9 Connected Mode 

Connected mode is the process of managing the communication session when a 

mobile device is transferring packet data signals to and from a base station. When in the 

connected mode, the base transceiver station (BTS) continuously controls the mobile 

device during the communication session. These control tasks include power level 

control, handover, alerting, etc. The base station exercises control during the 

communication session through signaling on control channels. 

During the connected mode, communication session processing tasks include the 

insertion and extraction of control messages that allow functions such as power control 

monitoring and control, handover operation, adding or terminating additional 

communication sessions (logical channels), and other mobile device operational 

functions. When sending packet data, the mobile device does not have to continuously 

transmit. When in the data communication mode, the base station associates (maps) the 

radio link to a data connection or to an IP address (for IP routing through networks). 

When the connected mode is used for data transmission such as web browsing, the 

typical data transmission activity is less than 10%. Other mobile devices can use the 

channels during inactive data transmission periods allowing a system to serve many 

(hundreds) simultaneous data users for each WCDMA radio channel. 

7.10 Authentication 

Authentication is a process of exchanging information between a 

communications device (typically a user device such as a mobile phone) and a 

communications network that allows the carrier or network operator to confirm the true 

identity of the user (or device). This validation of the authenticity of the user or device 

allows a service provider to deny service to users that cannot be identified. Thus, 

authentication inhibits fraudulent use of a communication device that does not contain 

the proper identification information. The GSM system may require the mobile device 

to authenticate with the system during the system access process. The authentication 

algorithm used in the GSM system is contained in the subscriber identity module (SIM) 

card. The GSM authentication process cause different versions of authentication [iv]. 
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The GSM authentication process starts by the transmission of a random number 

(RAND) from the base station. This random number is used along with other 

information including the secret data value (Ki) to calculate a signed result (SRES). The 

secret number Ki is stored in both the mobile telephone and GSM system and it is not 

transmitted over the radio link. When the GSM system performs the authentication 

process, it compares the SRES it calculates to the SRES returned by the mobile 

telephone. If both SRES match, the GSM system allows call processing to continue. The 

codes generated in the authentication step may be used for voice privacy ( encryption) 

mode. Figure 7 .3 shows the basic GSM authentication process. 

Figure 7.3 GSM Authentication Process 

As part of a typical authentication process, a random number that changes 

periodically (RAND) is sent from the base station. This number is regularly received 

and temporarily stored by the mobile radio. The random number is then processed with 

the shared secret data (Ki) that has been previously stored in the SIM card along with 

other information in the subscriber to create an authentication response (SRES). The 

authentication response is sent back to the system to validate the mobile radio. The 

system processes the same information to create its own authentication response. If both 

the authentication responses match, service may be provided. This process avoids 

sending any secret information over the radio communication channel. 
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8. GSM FUTURE EVOLUTION 

The evolution of GSM includes packet data transmission rates and high speed 

data wideband code division multiple access (WCDMA). 

8.1 Enhanced Data for Global Evolution (EDGE) 

Enhanced data for global evolution is an evolved version of the global system 

for mobile (GSM) radio channel that uses new phase modulation and packet 

transmission to provide for advanced high-speed data services. The EDGE system uses 

8 level phase shift keying (8PSK) to allow one symbol change to represent 3 bits of 

information. This is 3 times the amount of information that is transferred by a standard 2 

level GMSK signal used by the first generation of GSM system. This results in a radio 

channel data transmission rate of 604.8 kbps and a net maximum delivered data 

transmission rate of approximately 474 kbps. 

The advanced packet transmission control system allows for constantly varying 

data transmission rates in either direction between mobile radios. Figure 8.1 shows how 

a standard GSM radio channel is modified to use a new, more efficient modulation 

technology to create a high-speed packet data EDGE system. The EDGE system uses 

either 8 level quadrate phase shift keying (QPSK) modulation or the standard GMSK 

modulation (used by 2nd generation GSM systems). This allows EDGE technology to 

be merged on to existing GSM systems as standard GSM mobile telephones will ignore 

the EDGE modulated time slots that they cannot demodulate and decode. 

Figure 8.1 EDGE System 
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8.2 Wideband Code Division Multiple Access (WCDMA) 

Wideband code division multiple access is a 3rd generation mobile 

communication system that uses wideband code division multiple access (WCDMA) 

technology. The WCDMA infrastructure is compatible with GSM mobile radio 

communication system. WCDMA provides for high-speed data and voice 

communication services. Installing or upgrading to WCDMA technology allows mobile 

service providers to offer their customers wireless broadband (high-speed Internet) 

services and to operate their systems more efficiently (more customers per cell site radio 

tower). 
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Figure 8.2 WCDMA System 

The WCDMA system is composed of mobile devices (wireless telephones and 

data communication devices called user equipment - UE), radio towers (cell sites called 

Node Bs), and an interconnection system (switches and data routers). The WCDMA 

system uses two types of radio channels; frequency division duplex (FDD) and time 

division duplex (TDD). The FDD radio channels are primarily used for wide area voice 

(audio) channels and data services. The TDD channels are typically used for systems 

that do not have the availability of dual frequency bands. Figure 8.2 shows a simplified 

diagram of a WCDMA system. 
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This diagram shows that the WCDMA system includes various types of mobile 

communication devices ( called user equipment - UE) that communicate through base 

stations (node B) and a mobile switching center (MSC) or data routing networks to 

connect to other mobile telephones, public telephones, or to the Internet via a core 

network (CN). This diagram shows that the WCDMA system is compatible with both 

the 5 MHz wide WCDMA radio channel and the narrow 200 kHz GSM channels. This 

example also shows that the core network is essentially divided between voice systems 

(circuit switching) and packet data (packet switching). 
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fulfilling the requirements for a personal communication system: close enough t'nat ·1t is 

being used as a basis for the next generation of mobile communication technology in 

Europe, the Universal Mobile Telecommunication System (UMTS). 

Telecommunications are evolving towards personal communication networks, 

whose objective can be stated as the availability of all communication services anytime, 

anywhere, to anyone, by a single identity number and a pocket able communication 

terminal. Having a multitude of incompatible systems throughout the world moves us 

farther away from this ideal. The economies of scale created by a unified system are 

enough to justify its implementation, not to mention the convenience to people of 

carrying just one communication terminal anywhere they go, regardless of national 

boundaries. 

Another point where GSM has shown its commitment to openness, standards 

and interoperability is the compatibility with the Integrated Services Digital Network 

(ISDN) that is evolving in most industrialized countries and Europe in particular (the 

so-called Euro-ISDN). GSM is also the first system to make extensive use of the 

Intelligent Networking concept, in which services like 800 numbers are concentrated 

and handled from a few centralized service centers, instead of being distributed over 

every switch in the country. This is the concept behind the use of the various registers 

such as the HLR. In addition, the signaling between these functional entities uses 

Signaling System Number 7, an international standard already deployed in many 

countries and specified as the backbone signaling network for ISDN. 
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