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2 GSM Architecture 

 

Wireless communications: Basic concepts 
 

From ancient to modern times, mankind has been looking for means of long 

distance communications. For centuries, letter proved to be the most reliable way 

to transmit information. Fire, flags, horns, etc. were used to transmit information 

faster. Technical improvements in the 19th century simplified long distance 

communications resulting in Telegraphy, and later on telephony. Both techniques 

were wire line. In 1873, J.C.Maxwell laid the foundation of the electro-magnetic 

theory, which is still valid today. It would however several decades after (in 1895) 

that Marconi made economic use of this theory by developing devices for wireless 

transmission of Morse signals (in 1895). Voice was transmitted on wireless for the 

first time in 1906 (R. Fesseden), and one of the first radio broadcast transmission 

1909 in New York. 

  

 
 
 

The economically most successful wireless application in the first half of the 

20th century was radio broadcast. There is one transmitter, the so-called radio 

station. Information, such as news, music, etc. is transmitted from the radio station 

to the receiver equipment, the radio device. This type of one-way transmission is 

called simplex transmission. The transmission takes place only in one direction, 

from the transmitter to the receiver. This was the first type of fixed wireless 

transmission. 

For conversation, a technical solution is required, where the information 

flow can take place in two directions. This type of transmission is called duplex 

transmission. Walky-talky was already available the early 1930i's. This system 

already allowed a transmission of user data in two directions, but there was a 
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limitation: The users were not allowed to transmit at the same time. In words, you 

could only receive or transmit user information at any given instant of time. This 

type of transmission was therefore often called semi-duplex transmission. For 

telephony services, a technical solutions is required, where subscribers have the 

impression, that they can speak (transmit) and hear (receive) simultaneously. This 

type of transmission solution is regarded as full duplex transmission.   

A limited amount of mobility along with duplex transmission resulted in the 

Mobile Telephony. The first commercial wireless car phone telephone service 

started in the late 1940 in St. Louise, Missouri (USA). It was a car phone service, 

because at this time, the mobile phone equipment was bulky and heavy. Actually, 

in the start-up, it occupied the whole back of the car. But it was a real full duplex 

transmission solution. In the 1950s, several vehicle radio systems were installed in 

Europe also. These systems are  called single cell systems. The user data 

transmission takes place between the mobile phone and the base station (BS). A 

base station transmits and receives user data. While a mobile phone is only 

responsible for its userôs data transmission and reception, a base station is 

capable to handle the calls of several subscribers simultaneously. The 

transmission of user data from the base station to the mobile phone is called 

downlink (DL), the transmission from the mobile phone to the base station uplink 

(UL) direction. The area, where the wireless transmission between mobile phones 

and the base station can take place, is the base stations supply area, called cell.  

   

 
 

Cell = supply area 

Uplink  

(UL)  

Base station 

Downlink (DL)  



 

 
3 

Single cell systems are quite limited. The more and more distant the 

subscriber is from the base station, the lower the quality of the radio link. If the 

subscriber is leaving the supply area of the cell, the communication is not possible 

any more. In other words, the mobile communication service was only available 

within the cell. In order to overcome this limitation, Multi-cellular systems were 

introduced. A cellular mobile communication system consists of several cells, 

which can overlap. By doing so, a whole geographical area can be supported with 

the mobile communication service. 

 

 

 

But what happens, when a subscriber moves during a call from one cell to 

another cell? It would be very annoying, if the call is dropped. If the subscriber is 

leaving a cell, and in parallel is entering a new cell, then the system makes new 

radio resource available in the neighboring cell, and then the call is handed over 

from on cell to the next one. By doing so, service continuation is guaranteed, even 

when the subscriber is moving. This process is called handover (HO). 

 

 
 

A handover takes place during a call, i.e. when the mobile phone is in active 

(dedicated) mode. A mobile phone can also be in idle mode. In this case, the 

mobile phone is switched on, but no resources are allocated to it to allow 

transmission of user data.  In this mode, the mobile phone is still listening to 

information, broadcasted by the base station. Why? Imagine, there is an incoming 

call to this mobile. The mobile phone is then paged in the cell. This means the 

Service continuation  

without interruption  

Mobile phone is active, 

 e.g. a call takes place 



 

 
4 

phone receives information that there is a mobile terminated call. A cellular system 

may consist of hundreds of cells. If the mobile network does not know, in which 

cell the mobile phone is located, it must be paged in all of them. To reduce load on 

networks, paging  is done in small parts rather to a group of cells of a mobile 

network. The group cells in administrative units in a operation  is called location 

area (LA). A mobile phone is paged in only one location area at a time. The LA is 

used by the GSM system to search for a subscriber in a active state. 

But how does the cellular system know, in which location area the mobile 

phone is located? And how does the mobile phone know? In every cell, system 

information is continuously transmitted. The system information includes the 

location area information. In the idle mode, the mobile phone is listening to this 

system information. If the user moves from one cell to the next cell, and the new 

cell belongs to the same location area, the mobile stays idle. If the new cell 

belongs to a new location area, then the mobile phone has to become active. It 

starts a communication with the network; information is send to the mobile 

network. This is stored in databases within the mobile network, and if there is a 

mobile terminated call, the network knows where to page the subscriber. 

 

The process, where the mobile phone informs the network about its new 

location is called Location Update Procedure (LUP). The registration of the Mobile 

is done at the VLR (Visitor Location Register) associated with the Mobile Switching 

Network. 

 

    
 
GSM Frequency Bands 
 

From MS to BTS or from BTS to MS the user information (Voice & Data) 

and the control information (signaling between MS & GSM Network) for 

authentication, Location Update Procedure, call setup, disconnection etc, is 

transmitted through the air interface over the Radio Carrier frequencies. On the 

basis of Radio carrier frequency band used a number of GSM systems have been 

developed as tabulated below: 

 

GSM System Up-Link  Down-Link  

GSM - 850 824 ï 849 MHz 869-894 MHz 
GSM - 900 890-915 MHz 890-915 MHz 

GSM - 1800 1710-1785 MHz 1710-1785 MHz 

GSM - 1900 1710-1785 MHz 1930-1990 MHz 
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GSM Handsets 

 

Today, most of the mobile handsets support multiple bands as used in 

different countries. These are typically referred to as multi-band phones. Dual-

band phones can cover GSM networks in pairs such as 900 and 1800 MHz 

frequencies or 850 and 1900. European tri-band phones typically cover the 900, 

1800 and 1900 bands giving good coverage in Europe and allowing limited use in 

North America, while North American tri-band phones utilize 850, 1800 and 1900 

for wide-spread North American service but limited world-wide use. A new addition 

has been the quad-band phone, supporting all four major GSM bands, allowing for 

global use. 

 

GSM NETWORK STRUCTURE 

 

Every telephone network needs a well-designed structure in order to route 

incoming called to the correct exchange and finally to the called subscriber. In a 

mobile network, this structure is of great importance because of the mobility of all 

its subscribers [1-4]. In the GSM system, the network is divided into the following 

partitioned areas. 

 

¶ GSM service area; 

¶ PLMN (Public Land Mobile Network) service area; 

¶ MSC (Mobile Switching Center) service area; 

¶ Location area; 

¶ Cells. 
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The GSM service is the total area served by the combination of all member 

countries where a mobile can be serviced. The next level is the PLMN service 

area. There can be several within a country, based on its size. The links between 

a GSM/PLMN network and other PSTN, ISDN, or PLMN network will be on the 

level of international or national transit exchange. Call connections between 

PLMNs, or to fixed networks, must be routed through certain designated MSCs 

called a gateway MSC. All incoming calls for a GSM/PLMN network will be routed 

to a gateway MSC. A gateway MSC works as an incoming transit exchange for the 

GSM/PLMN. In a GSM/PLMN network, all mobile-terminated calls will be routed to 

a gateway MSC. The gateway MSC contains the inter-working functions to make 

these connections. They also route incoming calls to the proper MSC within the 

network. The next level of division is the MSC service area. In one PLMN there 

can be several MSC service area. MSC has the role as a controller of calls within 

its jurisdiction. In order to route a call to a mobile subscriber, the path is through   

to the MSC in the MSC area where the subscriber is currently located. The mobile 

location can be uniquely identified since the MS is registered in a VLR, which is 

generally associated with an MSC. 

  

 The next division level is that of the LAôs within a MSC combination. There 

are several LAôs within one MSC combination. A LA is a part of the MSC/VLR 

service area in which a MS may move freely without updating location information 

to the associated MSC  that control the LA. Within a LA a paging message is 

broadcast in order to find the called mobile subscriber. The LA can be identified by 

the system using the Location Area Identity (LAI).  
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Lastly, a LA is divided into many cells. A cell is an identity served by one 

BTS. The MS distinguishes the cells by the Base Station Identification Code 

(BSIC) of the each cell broadcast over the air.  

 

MOBILE STATION 
 

The wireless mobile telephone used by the subscriber is called the MS 

(Mobile Station). MS includes radio equipment and the man machine interface 

(MMI) that a user needs, in order to access the services provided by the GSM 

PLMN. MS can be installed in Vehicles or can be portable or hand-held. The MS 

may include provisions for data communication as well as voice.  

 
Functions of MS 
 

      The primary functions of MS are to transmit and receive voice and data 

over the air interface of the GSM system. MS performs the signal processing 

function of digitizing, encoding, error protecting, encrypting, and modulating the 

transmitted signals. It also performs the inverse functions on the received signals 

from the BS. 

 

In order to transmit voice and data signals, the mobile must be in 

synchronization with the network system so that the messages can be transmitted 

and received by the mobile at the correct instant. To achieve this, the MS 

automatically tunes and synchronizes to the frequency and time with the network. 

 

The MS continuously monitors the power level and signal quality received 

on the downlink, by reading the error rate and strength of the signals received from 

its current BTS and the six surrounding BTSs. The MS sends this information to 

the BTS & BSC to facilitate the network to take decision on handover. 

 

MS keeps the GSM network informed of its location during both national 

and international roaming, even when it is inactive. This enables the System to 

page it in its present LA. 

 

Finally, the MS can store and display short alphanumeric messages on the 

liquid crystal display (LCD) that is used to show call dialing and status information. 

These messages are limited to 160 characters in length. (Some mobiles handsets 

are capable of taking more characters and then splicing into smaller parts while 

sending) 
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    Power Levels  
 

There are five different categories of mobile telephone units specified by the 

European GSM system: The 20-W and 8-W units (peak power) are either for 

vehicle-mounted or portable station use. The handsets normally used are of 2W. 

 

The MS power is adjustable in steps from its normal value down up to 

20mW. This is done automatically under remote control from the BTS, which 

monitors the received power and adjusts the MS transmitter to the minimum power 

setting necessary for reliable transmission.  

 

         Subscriber Identity Module (SIM) Card  
 

The SIM is a removable smart card bearing a unique identification number. 

At the very beginning of the service, GSM subscribers are provided with a SIM 

card. The subscriber is identified in the system when the user inserts the SIM card 

in the mobile equipment. This provides an enormous amount of flexibility to the 

subscribers since they can now use the SIM in the mobile equipments, as the SIM 

card is portable between Mobile Equipment (ME) units. The user only needs to 

take his smart card on a trip. He can then rent a ME unit at the destination, even in 

another country, and insert his own SIM. Any calls he makes will be charged to his 

home GSM account. Also, the GSM system will be able to reach him at the ME 

unit he is currently using.  

 

The SIM contains an integrated circuit chip with a microprocessor, random 

access memory (RAM), and read only memory (ROM).  

 

When a mobile subscriber wants to use the system, user mounts the SIM 

card and provides the Personal Identification Number (PIN), which is compared 

with a PIN stored within the SIM. If the user enters three incorrect PIN codes, the 

SIM is disabled. The PIN can also be permanently bypassed by the service 

provider, if requested by the subscriber. Disabling the PIN code simplifies the call 

setup but reduces the protection of the userôs account in the event of a stolen SIM 

card. 

Each MS is identified by a unique identification number named as 

International Identification Number (IMEI), which is permanently stored in the 

mobile unit. Upon request, the MS sends this number over the signaling channel to 

the MSC. The IMEI can also be used to identify mobile units those are reported 

stolen or operating incorrectly.  
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Just as the IMEI identifies the mobile equipment, mobile subscribers are 

identified by their internationally unique numbers named as International Mobile 

Subscriber Identity (IMSI). Different subscriber identities are used in different 

phases of call setup. The IMSI is the primary function to identify the subscriber 

within the mobile network and is permanently assigned to him. The Mobile Station 

International Subscriber Directory Network Number (MSISDN) is the number that 

the calling party dials in order to reach the subscriber. It is used by the landline or 

other network to route calls toward an appropriate MSC. 

 
International Mobile Equipment Identity (IMEI) 

 

The IMEI is the unique identity of the equipment used by a subscriber and 

is used to determine authorized (white), unauthorized (black), and malfunctioning 

(gray) GSM hardware. In conjunction with the IMSI, it is used to ensure that only 

authorized user are granted access to the system. An IMEI is never sent in cipher 

mode by MS. 

 

 
International Mobile Subscriber Identity (IMSI). 

 

An IMSI is assigned to each authorized GSM user. It consists of a mobile 

country code (MSC), mobile network code (MNC), and a PLMN unique mobile 

subscriber identification number (MSIN). The IMSI is not hardware-specific. 

Instead, it is maintained on a SC by an authorized subscriber and is the only 

absolute identity that a subscriber has within the GSM system. The IMSI consists 

of the MCC followed by the NMSI and shall not exceed 15 digits.  

 

Mobile Station International Subscriber Directory Number (MSISDN) 
 

The MSISDN number is composed of the country code (CC) followed by the 

National Significant Number (N (S) N), which shall not exceed 15 digits. In order to 

obtain a mobile subscriber in another country, the MS should dial an international 

prefix before the MSISDN. (Example: 919412024567) 

 
Network Details: 

 

   (1)  Base Station Subsystem (BSS) : 
 
BTS - Base Transrecieve Station      
BSC - Base Station Controller 

MS - Mobile Station 
 




