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Introduction
GSM (Global System for Mobile communications) is a cellular network, which means that mobile phones connect to it by
searching for cells in the immediate vicinity. GSM networks operate in four different frequency ranges. Most GSM networks
operate in the 900 MHz or 1800 MHz bands. Some countries in the Americas use the 850 MHz and 1900 MHz bands because
the 900 and 1800 MHz frequency bands were already allocated.
The rarer 400 and 450 MHz frequency bands are assigned in some countries, where these frequencies were previously
used for first-generation systems.
GSM-900 uses 890–915 MHz to send information from the mobile station to the base station (uplink) and 935–960 MHz
for the other direction (downlink), providing 124 RF channels (channel numbers 1 to 124) spaced at 200 kHz. Duplex spacing
of 45 MHz is used. In some countries the GSM-900 band has been extended to cover a larger frequency range. This 'extended
GSM', E-GSM, uses 880–915 MHz (uplink) and 925–960 MHz (downlink), adding 50 channels (channel numbers 975 to 1023
and 0) to the original GSM-900 band. Time division multiplexing is used to allow eight full-rate or sixteen half-rate speech
channels per radio frequency channel. There are eight radio timeslots (giving eight burst periods) grouped into what is called a
TDMA frame. Half rate channels use alternate frames in the same timeslot. The channel data rate is 270.833 kbit/s, and the
frame duration is 4.615 ms.

GSM Advantages
GSM also pioneered a low-cost, to the network carrier, alternative to voice calls, the Short t message service (SMS,
also called "text messaging"), which is now supported on other mobile standards as well. Another advantage is that the
standard includes one worldwide Emergency telephone number, 112. This makes it easier for international travelers to connect
to emergency services without knowing the local emergency number.

The GSM Network
GSM provides recommendations, not requirements. The GSM specifications define the functions and interface
requirements in detail but do not address the hardware. The GSM network is divided into three major systems: the switching
system (SS), the base station system (BSS), and the operation and support system (OSS) (Figure 1).

Figure 1: GSM Network System

The Switching System:
The switching system (SS) is responsible for performing call processing and subscriber-related functions. The switching
system includes the following functional units.


Home location register (HLR): The HLR is a database used for storage and management of subscriptions. The HLR
is considered the most important database, as it stores permanent data about subscribers, including a subscriber's
service profile, location information, and activity status. When an individual buys a subscription from one of the PCS
operators, he or she is registered in the HLR of that operator. 




Mobile services switching center (MSC): The MSC performs the telephony switching functions of the system. It
controls calls to and from other telephone and data systems. It also performs such functions as toll ticketing, network
interfacing, common channel signaling, and others. 




Visitor location register (VLR): The VLR is a database that contains temporary information about subscribers that
is needed by the MSC in order to service visiting subscribers. The VLR is always integrated with the MSC. When a
mobile station roams into a new MSC area, the VLR connected to that MSC will request data about the mobile
station from the HLR. Later, if the mobile station makes a call, the VLR will have the information needed for call
setup without having to interrogate the HLR each time. 




Authentication center (AUC): A unit called the AUC provides authentication and encryption parameters that verify
the user's identity and ensure the confidentiality of each call. The AUC protects network operators from different
types of fraud found in today's cellular world. 



Equipment identity register (EIR): The EIR is a database that contains information about the identity of mobile
equipment that prevents calls from stolen, unauthorized, or defective mobile stations. The AUC and EIR are
implemented as stand-alone nodes or as a combined AUC/EIR node. 

The Base Station System (BSS):
All radio-related functions are performed in the BSS, which consists of base station controllers (BSCs) and the base
transceiver stations (BTSs).


BSC: The BSC provides all the control functions and physical links between the MSC and BTS. It is a high-capacity
switch that provides functions such as handover, cell configuration data, and control of radio frequency (RF) power
levels in base transceiver stations. A number of BSCs are served by an MSC. 




BTS: The BTS handles the radio interface to the mobile station. The BTS is the radio equipment (transceivers and
antennas) needed to service each cell in the network. A group of BTSs are controlled by a BSC. 

The Operation and Support System
The operations and maintenance center (OMC) is connected to all equipment in the switching system and to the BSC. The
implementation of OMC is called the operation and support system (OSS). The OSS is the functional entity from which the
network operator monitors and controls the system. The purpose of OSS is to offer the customer cost-effective support for
centralized, regional and local operational and maintenance activities that are required for a GSM network. An important
function of OSS is to provide a network overview and support the maintenance activities of different operation and
maintenance organizations.
Additional Functional Elements





Message center (MXE): The MXE is a node that provides integrated voice, fax, and data messaging. Specifically,
the MXE handles short message service, cell broadcast, voice mail, fax mail, e-mail, and notification. 



Mobile service node (MSN): The MSN is the node that handles the mobile intelligent network (IN) services. 



Gateway mobile services switching center (GMSC): A gateway is a node used to interconnect two networks. The
gateway is often implemented in an MSC. The MSC is then referred to as the GMSC. 



GSM inter-working unit (GIWU): The GIWU consists of both hardware and software that provides an interface to




various networks for data communications. Through the GIWU, users can alternate between speech and data during
the same call. The GIWU hardware equipment is physically located at the MSC/VLR. 

GSM Network Areas:
The GSM network is made up of geographic areas. As shown in bellow Figure 2, these areas include cells, location areas
(LAs), MSC/VLR service areas, and public land mobile network (PLMN) areas.

Figure 2: GSM Network Areas
Location Areas:
The cell is the area given radio coverage by one base transceiver station. The GSM network identifies each cell via the cell
global identity (CGI) number assigned to each cell. The location area is a group of cells. It is the area in which the subscriber
is paged. Each LA is served by one or more base station controllers, yet only by a single MSC Each LA is assigned a location
area identity (LAI) number.
MSC/VLR service areas:
An MSC/VLR service area represents the part of the GSM network that is covered by one MSC and which is reachable, as it is
registered in the VLR of the MSC.
PLMN service areas:
The PLMN service area is an area served by one network operator.

GSM Specifications:
Specifications for different personal communication services (PCS) systems vary among the different PCS networks. Listed
below is a description of the specifications and characteristics for GSM.


Frequency band: The frequency range specified for GSM is 1,850 to 1,990 MHz (mobile station to base station). 



Duplex distance: The duplex distance is 80 MHz. Duplex distance is the distance between the uplink and downlink
frequencies. A channel has two frequencies, 80 MHz apart. 



Channel separation: The separation between adjacent carrier frequencies. In GSM, this is 200 kHz. 



Modulation: Modulation is the process of sending a signal by changing the characteristics of a carrier frequency.
This is done in GSM via Gaussian minimum shift keying (GMSK). 



Transmission rate: GSM is a digital system with an over-the-air bit rate of 270 kbps. 



Access method: GSM utilizes the time division multiple access (TDMA) concept. TDMA is a technique in which
several different calls may share the same carrier. Each call is assigned a particular time slot. 



Speech coder: GSM uses linear predictive coding (LPC). The purpose of LPC is to reduce the bit rate. The LPC










provides parameters for a filter that mimics the vocal tract. The signal passes through this filter, leaving behind a
residual signal. Speech is encoded at 13 kbps. 

GSM Subscriber Services:
Dual-tone multifrequency (DTMF): DTMF is a tone signaling scheme often used for various control purposes via the
telephone network, such as remote control of an answering machine. GSM supports full-originating DTMF.
Facsimile group III—GSM supports CCITT Group 3 facsimile. As standard fax machines are designed to be connected to a
telephone using analog signals, a special fax converter connected to the exchange is used in the GSM system. This enables a
GSM–connected fax to communicate with any analog fax in the network.
Short message services: A convenient facility of the GSM network is the short message service. A message consisting of a
maximum of 160 alphanumeric characters can be sent to or from a mobile station. This service can be viewed as an advanced
form of alphanumeric paging with a number of advantages. If the subscriber's mobile unit is powered off or has left the
coverage area, the message is stored and offered back to the subscriber when the mobile is powered on or has reentered the
coverage area of the network. This function ensures that the message will be received.
Cell broadcast: A variation of the short message service is the cell broadcast facility. A message of a maximum of 93
characters can be broadcast to all mobile subscribers in a certain geographic area. Typical applications include traffic
congestion warnings and reports on accidents.
Voice mail: This service is actually an answering machine within the network, which is controlled by the subscriber. Calls can
be forwarded to the subscriber's voice-mail box and the subscriber checks for messages via a personal security code.
Fax mail: With this service, the subscriber can receive fax messages at any fax machine. The messages are stored in a service
center from which they can be retrieved by the subscriber via a personal security code to the desired fax number

Supplementary Services:
GSM supports a comprehensive set of supplementary services that can complement and support both telephony and data
services.
Call forwarding: This service gives the subscriber the ability to forward incoming calls to another number if the called
mobile unit is not reachable, if it is busy, if there is no reply, or if call forwarding is allowed unconditionally.
Barring of outgoing calls: This service makes it possible for a mobile subscriber to prevent all outgoing calls.
Barring of incoming calls: This function allows the subscriber to prevent incoming calls. The following two conditions for
incoming call barring exist: baring of all incoming calls and barring of incoming calls when roaming outside the home PLMN.
Advice of charge (AoC): The AoC service provides the mobile subscriber with an estimate of the call charges. There are two
types of AoC information: one that provides the subscriber with an estimate of the bill and one that can be used for immediate
charging purposes. AoC for data calls is provided on the basis of time measurements.
Call hold: This service enables the subscriber to interrupt an ongoing call and then subsequently reestablish the call. The call
hold service is only applicable to normal telephony.
Call waiting: This service enables the mobile subscriber to be notified of an incoming call during a conversation. The
subscriber can answer, reject, or ignore the incoming call. Call waiting is applicable to all GSM telecommunications services
using a circuit-switched connection.
Multiparty service: The multiparty service enables a mobile subscriber to establish a multiparty conversation—that is, a
simultaneous conversation between three and six subscribers. This service is only applicable to normal telephony.
Calling line identification presentation/restriction: These services supply the called party with the integrated services
digital network (ISDN) number of the calling party. The restriction service enables the calling party to restrict the
presentation. The restriction overrides the presentation.

Closed user groups (CUGs): CUGs are generally comparable to a PBX. They are a group of subscribers who are capable of
only calling themselves and certain numbers
6.5.6 Main AT commands:
"AT command set for GSM Mobile Equipment” describes the Main AT commands to communicate via a serial interface with

the GSM subsystem of the phone.
AT commands are instructions used to control a modem. AT is the abbreviation of Attention. Every command line starts
with "AT" or "at". That's why modem commands are called AT commands. Many of the commands that are used to control
wired dial-up modems, such as ATD (Dial), ATA (Answer), ATH (Hook control) and ATO (Return to online data state), are
also supported by GSM/GPRS modems and mobile phones. Besides this common AT command set, GSM/GPRS modems and
mobile phones support an AT command set that is specific to the GSM technology, which includes SMS-related commands
like AT+CMGS (Send SMS message), AT+CMSS (Send SMS message from storage), AT+CMGL (List SMS messages) and
AT+CMGR (Read SMS messages).
Note that the starting "AT" is the prefix that informs the modem about the start of a command line. It is not part of the AT
command name. For example, D is the actual AT command name in ATD and +CMGS is the actual AT command name in
AT+CMGS. However, some books and web sites use them interchangeably as the name of an AT command.
Here are some of the tasks that can be done using AT commands with a GSM/GPRS modem or mobile phone:


Get basic information about the mobile phone or GSM/GPRS modem. For example, name of manufacturer
(AT+CGMI), model number (AT+CGMM), IMEI number (International Mobile Equipment Identity) (AT+CGSN)
and software version (AT+CGMR). 




Get basic information about the subscriber. For example, MSISDN (AT+CNUM) and IMSI number (International
Mobile Subscriber Identity) (AT+CIMI). 



Get the current status of the mobile phone or GSM/GPRS modem. For example, mobile phone activity status


(AT+CPAS), mobile network registration status (AT+CREG), radio signal strength (AT+CSQ), battery charge level
and battery charging status (AT+CBC). 




Establish a data connection or voice connection to a remote modem (ATD, ATA, etc). 



Send and receive fax (ATD, ATA, AT+F*). 



Send (AT+CMGS, AT+CMSS), read (AT+CMGR, AT+CMGL), write (AT+CMGW) or delete (AT+CMGD) SMS
messages and obtain notifications of newly received SMS messages (AT+CNMI). 



Read (AT+CPBR), write (AT+CPBW) or search (AT+CPBF) phonebook entries. 



Perform security-related tasks, such as opening or closing facility locks (AT+CLCK), checking whether a facility is
locked (AT+CLCK) and changing passwords (AT+CPWD). 








(Facility lock examples: SIM lock [a password must be given to the SIM card every time the mobile phone is
switched on] and PH-SIM lock [a certain SIM card is associated with the mobile phone. To use other SIM cards with
the mobile phone, a password must be entered.]) 




Control the presentation of result codes / error messages of AT commands. For example, you can control whether to
enable certain error messages (AT+CMEE) and whether error messages should be displayed in numeric format or
verbose format (AT+CMEE=1 or AT+CMEE=2). 




Get or change the configurations of the mobile phone or GSM/GPRS modem. For example, change the GSM network
(AT+COPS), bearer service type (AT+CBST), radio link protocol parameters (AT+CRLP), SMS center address
(AT+CSCA) and storage of SMS messages (AT+CPMS). 



Save and restore configurations of the mobile phone or GSM/GPRS modem. For example, save (AT+CSAS) and
restore (AT+CRES) settings related to SMS messaging such as the SMS center address. 
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