GSM NETWORK

 
Global System for Mobile communication (GSM) [Theodore S. Rappaport, 2002] is a standard for digital communication. GSM uses the Time Division Multiple Access (TDMA). The switching system is responsible for performance call processing and subscriber-related functions. The concept of cellular service is the use of low - power transmitters where frequencies can be reused within a geographic area is shown in Figure 2.1.

[image: image1.png]BIS  BIS 8IS  BIS=ASS200

Information J— \

ransmsson

Call connections. Mobile Station
andnormaon  ———

ransmsson





Figure 2.1 GSM Network Elements

2.1.1 Switching System


The switching system is responsible for performance call processing and processing and subscriber- related functions. The switching system includes the following functional units.


Home Location Register (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) performs the telephony switching function 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 Registers (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 requested 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.

A unit called the Authentication Center ACU provides authentication and encryption parameters that verify the user’s identity and ensures the confidentiality of each call [7]. The ACU protects network operates from different types of fraud found in today’s cellular world.

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

All radio-related functions are performed in the Base Station System (BSS), which consist of Base Station Controllers (BSCs), and the base Transceiver Stations (BTSs).


BSC provides all the control function and physical links between the MSC and BTS. It is a high-capability 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 handles the radio interface to the mobile station. The BTS is the radio equipment needed to service each call in the network. A group of BTSs are controlled by a BSC.

 
Operation and Maintenance Center (OMC) is connected to all equipment in the switching system and to the BSC [Albert treytl, et al, 2003]. The implementation of OMC is called the Operation and Support System (OSS). The OSS is the functional entity from which the network operates monitors and controls the system. 

The purpose of OSS is to offer the customer cost-effective support for centralized, region, 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.

2.1.2 GSM Network Areas

The GSM network is made up of geographic areas called as cells. The cells are the area given for radio coverage by one base transceiver station. 

The network identifies each call via the Cell Global Identity (CGI) number assigned to each cell. It is the area in which the subscriber is paged. 

Each location area is served by one or more base station controllers, yet only a single MSC [Mobile Services switching Center]. GSM supports both subscriber service and supplementary service.

2.1.3 GSM Modem Introduction 

The GSM module used is SIM 100s is a combination of GSM07.05, GSM07.07 and ITU-T recommendation V.25ter. Only AT command through serial port is given to the GSM module after power on. The “RDY” is received from serial port. 

2.1.3.1 AT Commands


AT commands [8] are used to exchange the information with the mobile telephone and PC or microcontroller. 

· Uses of AT Commands 

· It configures the mobile telephone and PC.

· It requests the information about the current configuration or the operational status of the mobile phone.

· Test availability and request the range of valid parameters, when             applications, for an AT command.

· Modes of Operation 

The modem can be operated in any one of three operations.

· OFF-LINE COMMAND MODE - The modem is placed in off-line command mode when first powered up and is ready for entry of AT commands.

· ON-LINE DATA MODE - This allows “normal” operation of the mobile, exchanging data with the remote modem.

· ON-LINE COMMAND MODE - We can switch to the on-line command mode when we want send AT command while still remaining connected the remote modem. 

 
The operation of AT commands can be done in common mode, there are four types of command we can issue

· A set command to adjust the modem’s operating parameters.

· An execute command which directs action without the need of any parameters.

· A read command to view the current command settings.

· A test command to view the available command parameters.


All these AT commands can be split into three categories    
    

· Basic AT commands.

· S parameter AT commands.

· Extended AT commands.

Some Example of AT Commands 


RDY will be displayed when the modem is connected to COM port 1 and hyper terminal is initiated.

· AT (Attention command)

                     It determines the presence of a mobile.

                       COMMAND:  AT

                       OUTPUT      :  OK

SELECTING A SMS FORMAT

· To select SMS format.

Test command:

              AT+ CMGF=<mode>         

              <mode>:    0 - Pdu format.

                                1 - Text format.

                       Command  :     AT+CMGF=?

                       Response   :     OK.

For text format, 

                       Command  :     AT+CMGF=1
                       Response   :     OK.

LIST SMS MESSAGE

It returns message with status value <stat> from preferred message storage the mobile.

                      COMMAND    : AT +CMGL= [<STAT>]     

If text mode

<stat> _ “REC UNREAD" Received unread messages (default).

                "REC READ" Received read messages.

                "STO UNSENT" Stored unsent messages.

                "STO SENT" Stored sent messages.

  

                "ALL" All messages.

Response:


TA returns messages with status value <stat> from message storage <mem1> to the TE. . If status of the message is ' received unread ', then the status in the storage changes to 'received read'.

To list the received SMS

            AT+CMGL (Command)

  
+CMGL: 1, “REC UNREAD”, “+919865078509”,”07/05/09, 14:39:40+22”

            “HI”    (SMS in the inbox).

            OK (Response).

TO READ A SMS 

· +CMGR - Read message

It returns message with location value <index> from preferred message storage to the mobile.

                      COMMAND: AT+CMGR=<index> [, <mode>]

                      <index>  -  integer type; value in the range of location numbers     

                                         Supported by the associated memory.

                       <mode> -  0 :  normal.

      1: not change status of the specified SMS record.

Response: 

TA returns SMS message with location value <index> from message storage <mem1> to the TE. If status of the message is 'received unread', then the status in the storage is changed to 'received read'.

When a SMS is received, a message will be displayed as

                        +CMTI:”SM”, 1

To read that SMS

           

COMMAND         :     AT+ CMGR= 2                 

           
OUTPUT               :    OK

TO DELETE A SMS  

It deletes a message from preferred message storage <mem1> location <index>.

           
COMMAND         :  AT +CMCD=<index>

           <index> - integer value in the range of location number supported by the       associated memory. 

            
COMMAND         :   AT+CMGD = 2 

            
OUTPUT               :   OK    (deletes the message at the index)

These are some of the examples of AT commands that are used for the communication between the microcontroller or PC and the mobile telephone.

2.2 SMS TECHNOLOGY


The SMS (Short Message Service) [Bernard J. Bennington, 1998] is used to send the energy meter reading to the host computer when requested.    


SMS is essentially similar to paging, SMS message do not require the mobile phone to be active within range, as they will be held for a number of days until the phone is active and within range. SMS message are transmitted within the same cell or to anyone with roaming capability. They can also be sent to digital phones from a web site equipped with a PC Link or from one digital phone to another. An SMS gateway is a web site that lets you enter an SMS message to someone within the served by that gateway or acts as an international gateway for users with roaming capability. The SMS is a store and forward service. In other words, Short messages are not sent directly from sender to recipient, but via an SMS center. Each mobile telephone network that supports SMS has one or more messaging centers to handle and manage the short message. The SMS features confirmation of message delivery. This means that, unlike paging, user do not simply send a short message and trust and hope that it gets delivery. Instead the sender of the short message can receive a return message back notifying them whether the short message has been delivered or not.

Short message can be sent and received simultaneously with GSM voice, data and fax calls. This is possible because whereas voice, data and fax calls take over a dedicated radio channels for the duration of calls, short message travel over and above the radio channel using the signaling path. As such, user of SMS rarely, if ever, gets a busy or engaged signal as they can do during peak network usage times.


Types of sending multiple short messages are available. They are 

· SMS concatenation (stringing several short messages together),

· SMS compression (getting more than 160 characters of information within a single short message) have been defined and incorporated in the GSM SMS standard.


The network operator needs to purchase its first generation SMS center as part of the network-commissioning plan. The initial SMS center may simply be a voice mail platform module or a stand-alone SMS center. It is not possible to make the SMS available without an SMS center since all short messages passes through the SMS center. 


The SMS OSI model is shown in Figure 2.2.
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Figure 2.2 SMS OSI Model

 MS         : Mobile Station

 SMSE    : Short Message Entity

SMSC   : Short Message Service Center 

MMI     : Man machine Interface

PDUs    : Protocol Data Units

SM-AL: Short Message Application Layer

SM-TL: Short Message Transport Layer

SM-RL: Short Message Relay Layer 

SM-LL: Short Message Link Layer

 
Short Message Service is the transmitted of short text messages to and from a mobile phone, fax machine, and/or IP address. Once a message is sent, it is received by a Short Message Service Center (SMSC), which must then direct it the appropriate mobile device. To do this, the SMSC sends a SMS Request to the Home Location Register (HLR) to find the roaming customer.


Once the HLR receives the request, it will respond to the SMSC with the subscriber’s status: (1) inactive or active (2) where subscriber is roaming.2 If the response is ‘inactive’, then the SMSC will hold onto the message for a period of time. When the subscriber accesses his device, the HLR sends a SMS notification to the SMSC, and the SMSC will attempt delivery. 


SMSC transfer the message in a Short Message Delivery Point-to Point format to the serving system. The system pages the device, and if it responds, the message gets delivered. The SMSC receives verification that the message was received by the end user, and then categorizes the message as ‘sent’ and will not attempt to send again.   
 


The basic principle is that there is only one SMSC that encodes the message to be submitted through the GSM network. The basic difficulty in developing SMS based services is the variety of protocol used in SMS Centers. Supporting all this protocol is a demanding task for a service provider. There are several SMS gateways able to interact with some or all of the SMS protocols. However there is no standard way for service providers to interact with the SMS gateways. Also, only few of the SMS gateways support all the SMSC protocols.

This draft proposes a solution by introducing an easily adoptable interface to SMS Center or SMS gateways for service providers. Most countries uses the GSM standard, the United States is one of the few countries to favor use of CDMA and TDMA standards over GSM, CDMA and TDMA allow extremely limited SMS capability. For example the Nokia protocol has a series of commands that allow the user to send and to get the SMS. 

Sample frame sent to the Nokia is 

Byte : 00     01   02    03   04    05   06    07   08   09   10   11   12   13   14   15

Data : 1E    00   0C    D1  00    07   00    01   00   03   00   01   60   00   72   D5

Byte 0: 

All frames sent by cable will start with the character 0x1E first. This is F- bus frame ID. Cable is 0x1E and infrared is 0x1C.

Byte 1: 

This is the destination address. When sending data, it’s the phone’s device   

ID byte. It is always 00 for mobile.

Byte 2: 

This is the source address.  When sending data, it’s the PC’s device ID byte. It’s 0x0C for terminal.

Byte 3: 

This is the message type or ‘command’. 0xD1 is get hardware and software       version.

Byte 4, 5:

It is the message length. It is 7 byte long for SMS. Byte 4 is the MSB and   byte 5 is the LSB.

Byte 6: 

The data segment starts here and goes for 7 byte.  The Nokia is a 16-bit Phone and therefore it requires an even number of bytes. The last byte will   be   a padding byte and the message will end at location 13. The last byte is a sequence number. The last 3 bytes of this byte increment from 0 to 7 for each frame. This part needs to be back to the mobile in the acknowledgement frame.

Byte 14, 15: 

The second to last byte is always the odd checksum byte and the last Byte is the even checksum byte. The checksum is calculated by XOR all the odd bytes and placing the result on the odd checksum location and then XORing the even bytes and then placing the result in the even byte.

2.2.1 Data packing and Unpacking of SMS


The data from the mobile [12] to the PC must be packed the message into the 7- segment. Packing is converting an ASCII into a 7- bit character.

 For example we consider a HELLO. The steps involved here are

First display “hello” in hexadecimal 

      H                     E                      L                      L                    O

     68                    65                    6C                    6C                  6F         (hexadecimal)

 1101000         1100101          1101100           1101100          1101111        (binary)


When dealing with binary, it makes easier to write everything backwards. The first byte in the string is on the right. 


The least significant bit is then displayed on the left with the most significant bit on the left. Then display the string backwards. Then it’s just a matter to dividing the binary value into bytes starting with the first character in the string. 


The first decoded byte is simply the first 7 bits of the first character with the first bit of the second character added to the end. 


The next decoded byte in then the remaining 6 bits from the second character with two bits of the third byte added to the. This process just keeps going until all character are decoded. 


The last decoded byte is the remaining bits from the last character with the most significant bits packed with zeros.  

6F
                  6C
                   6C
                      65        
          68

 1101111 
  1101100 
   101100 
      1100101 
    1101000     (in binary)


110            11111101
  10011011          00110010         11101000 

06
          FD
       9B
                      32                    E8

The message hello is therefore E8 32 9B FD 06 when packed. When sending SMS messages a lot of decoding is required. The message from the pc to the mobile telephone must be unpacked.

CHAPTER 3

SMS SERVER


The SMS server sends a requisition to the Remote Energy Tracking and Control System [RETCS] and in turn the RETCS control system sends the meter reading to the server. The SMS server updates the readings in the database. The amount is calculated for the number of units consumed. The communication between the controller and the server is through GSM and is bidirectional. The communication between host computer and the GSM modem is through a data cable.   

3.1 SPECIFICATION OF GSM MOBILE DATA CABLE

  
The cable connects the Nokia phones with the computer via serial port. One end of the cable is terminated with Nokia connector, another one with D-SUB female connector to the computer serial port. Inside this connector there is the complete electronic interface for serial communication and over voltage protection of the Nokia phone bus. This protection is very important; otherwise the phone may be damaged when higher voltage, than allowed value appears at the output of the interface. The cable communicates with mobile phone via its FBUS and MBUS and the interface is switched automatically according to the demand of the software in the PC.

The M-bus is a single pin bi-direction bus for both transmitting and receiving data from the phone. It is a slow and half-duplex bus. Only two pins on the phone are used, One ground and one data. M-bus runs at 9600bps, 8 data bits, odd parity, and one stop bit. The data rate is 9600bps. The F-bus is the later high-speed full-duplex bus. It uses one pin for transmitting data and one pin for receiving data plus the ground pin. It is fast in the order of 1152500bps, 8 data bits, no parity, and one stop bit.
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(The 8-bit segment decoded into hex)








