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	1. Wireless and Cellular  Communication
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	2. Course Learning Objectives
This  course will enable student to:
▪Understand the concept of propagation over wireless channels
from a physics standpoint.
▪Application of Communication theory both physical and
networking to understand GSM system that handle mobile
telephony.
▪Application of communication theory both physical and
networking to understand CDMA system that handle mobile
telephony.
▪Application of communication theory both physical and
networking to understand LTI-4G system.
2
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	3. Course Outcomes
After studying  this course, students will be able to
CO1-Describe the mobile radio propagation and cellular
concept of GSM, TDMA, CDMA and LTE-4G network.
CO2- Classify and explain three propagation mechanisms such
as reflection, diffraction and scattering in wireless channels.
CO3- Analyze the design concept of GSM system architecture
and operation.
CO4- Assess the CDMA2000 channel and system operation
CO5- Develop the LTE-4G network OFDM, OFDMA, SC-FDMA
and uplink and down link OFDMA radio resources.
3
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	4. Module 2: GSM  System overview
▪GSM stands for Global System for Mobile Communication. It is a digital cellular
technology used for transmitting mobile voice and data services.
▪The concept of GSM emerged from a cell-based mobile radio system at Bell
Laboratories in the early 1970s.
▪GSM is a circuit-switched system that divides each 200kHz channel into eight
25kHz time-slots.
▪GSM operates on the mobile communication bands 900MHz and 1800MHz in
most parts of the world. In the US, GSM operates in the bands 850MHz and
1900MHz.
▪GSM owns a market share of more than 70 percent of the world's digital
cellular subscribers.
▪GSM makes use of narrowband Time Division Multiple Access (TDMA)
technique for transmitting signals.
▪It has an ability to carry 64 kbps to 120 Mbps of data rates.
▪Presently GSM supports more than one billion mobile subscribers in more than
210 countries throughout the world.
4
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	5. GSM network and  system architecture
▪The GSM network has four separate parts that work together to function as
a whole: the mobile device itself, the Base Station Subsystem (BSS), the
Network Switching Subsystem (NSS) and the Operation and Support
Subsystem (OSS).
▪The mobile device connects to the network via hardware.
▪The Subscriber Identity Module (SIM) card provides the network with
identifying information about the mobile user.
Figure 1: GSM ARCHITECTURE 5
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	6. Cont…..
The GSM network  can be broadly divided into −
▪The Mobile Station (MS)
▪The Base Station Subsystem (BSS)
▪The Network Switching Subsystem (NSS)
▪The Operation Support Subsystem (OSS)
6
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	7. Cont…..
The Mobile Station  (MS):
▪The MS consists of the physical equipment, such as the radio transceiver,
display and digital signal processors, and the SIM card.
▪It provides the air interface to the user in GSM networks.
▪As such, other services are also provided, which include −
▪Voice teleservices
▪Data bearer services
7
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	8. Cont…..
The Base Station  Subsystem (BSS) :
▪A traditional cellular telephone network which is responsible
for handling traffic and signaling between a mobile phone and
the network switching subsystem.
▪The BSS carries out transcoding of speech channels, allocation
of radio channels to mobile
phones, paging, transmission and reception over the air
interface and many other tasks related to the radio network.
▪The BSS is composed of two parts:
➢The Base Transceiver Station (BTS)
➢The Base Station Controller (BSC)
8
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	9. Cont..
The Base Transceiver  Station (BTS):
▪Define a cell and handles the radio link protocols with the MS.
▪In a large urban area, a large number of BTSs may be deployed.
▪The BTS corresponds to the transceivers and antennas used in each
cell of the network.
▪A BTS is usually placed in the center of a cell.
▪Its transmitting power defines the size of a cell.
▪Each BTS has between 1 and 16 transceivers, depending on the
density of users in the cell.
▪Each BTS serves as a single cell.
9
Figure 2: BTS
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	10. Cont..
Important Functions of  BTS:
▪Encoding, encrypting, multiplexing, modulating, and feeding
the RF signals to the antenna
▪Transcoding and rate adaptation
▪Time and frequency synchronizing
▪Voice through full- or half-rate services
▪Decoding, decrypting, and equalizing received signals
▪Random access detection
▪Uplink channel measurements.
10
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	11. Cont..
The Base Station  Controller (BSC):
▪The BSC manages the radio resources for one or more BTSs.
▪It handles radio channel setup, frequency hopping, and
handovers.
▪ It is the connection between the mobile and the MSC.
▪The BSC also translates the 13 Kbps voice channel used over the
radio link to the standard 64 Kbps channel used by the Public
Switched Telephone Network (PSDN) or ISDN.
▪It assigns and releases frequencies and time slots for the MS.
The BSC also handles inter-cell handover.
▪It controls the power transmission of the BSS and MS in its area.
▪The function of the BSC is to allocate the necessary time slots
between the BTS and the MSC. It is a switching device that
handles the radio resources.
11
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	12. Cont..
Functions of BSC:
▪Control  of frequency hopping
▪Performing traffic concentration to reduce the number of lines
from the MSC
▪Providing an interface to the Operations and Maintenance
Center for the BSS
▪Reallocation of frequencies among BTSs
▪Time and frequency synchronization
▪Power management
▪Time-delay measurements of received signals from the MS.
12
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	13. Cont..
GSM - The  Network Switching Subsystem (NSS)
▪It is the main part of which is the Mobile Switching Center (MSC), performs
the switching of calls between the mobile and other fixed or mobile network
users.
▪The NSS originally consist of the circuit-switched core network, used for
traditional GSM services such as voice calls, SMS, and circuit switched
data calls.
▪It was extended with an overlay architecture to provide packet-switched
data services known as the GPRS core network.
▪This allows mobile phones to have access to services such as Wireless
Application protocol (WAP), MMS and the Internet.
13
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	14. Cont..
Home Location Register  (HLR):
▪The HLR is a database used for storage and management of
subscriptions-
▪as it stores permanent data about subscribers, including a
subscriber's service profile, location information, and activity
status.
14
Figure 3: GSM Network
Interface
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	15. Cont..
▪Mobile Services Switching  Center (MSC):
▪The MSC performs the switching of calls between the mobile
and other fixed or mobile network users, as well as the
management of mobile services such as registration,
authentication, location updating, handovers, and call routing to
a roaming subscriber.
▪Visitor Location Register (VLR):
▪The VLR is a database that contains temporary information
about 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.
15
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	16. Cont..
▪Authentication Center (AUC):
▪The  Authentication Center is a protected database that stores a
copy of the secret key stored in each subscriber's SIM card,
which is used for authentication and ciphering of the radio
channel.
▪The AUC protects network operators from different types of
fraud found in today's cellular world.
▪Equipment Identity Register (EIR):
▪It is a database that contains a list of all valid mobile
equipments on the network, where its International Mobile
Equipment Identity (IMEI) identifies each MS.
▪An IMEI is marked as invalid if it has been reported stolen or is
not type approved.
16
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	17. Cont..
GSM - The  Operation Support Subsystem (OSS):
▪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).
Functions of OMC:
➢Administration and commercial operation (subscription, end
terminals, charging, and statistics).
➢Security Management.
➢Network configuration, Operation, and Performance
Management.
➢Maintenance Tasks.
17
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	18. Cont..
GSM Network Interfaces  and Protocols
▪GSM Network Interfaces connect between different elements in the 2G
(GSM) mobile communication network, which is based on the SS7 protocol
stack.
▪The connection between the GPRS system and the GSM core network (NSS)
also uses the SS7 protocol.
➢A interface: Between the BSS and the MSC.
➢Abis interface: An internal interface in the BSS (base station). Links between
the BSC and BTS.
➢B interface: Between the MSC and the VLR. Many MSCs have an included
VLR, in which case B is an “internal” interface.
➢C interface: Used in connections between the HLR and the MSC, and
between the HLR and the GMSC / SMS Gateway.
➢D interface: Between the MSC / VLR and the HLR. Used for subscriber
management and transferring handset Location Update.
18
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	19. GSM Channel Concept
▪Time  Division Multiple Access (TDMA): GSM cellular system is based on
TDMA to provide additional user capacity over a limited a amount of radio
frequency spectrum. The minimum unit being frame (or TDMA frame) is
made of 8 time slots (0-7).
▪Fig 4.4: TDMA time frame structure
▪Frames: As shown in figure, GSM system divides the radio link connection
time into eight equal and repeating time slots known as Frames for both
uplink and down link transmission.
▪Multiframes: The system can use several different types of repeated frame
structures known as multiframes depending upon the type of information
being transmitted.
19
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	20. Cont..
Logical channels
-Broadcast channels:
▪Broadcast  Control Channel (BCCH): logical broadcast channel used by the base
station in a GSM network to send information about the identity of the network. This
information is used by a mobile station to get access to the network.
▪Frequency Correction Channel (FCCH): it transmits burst of zeros to the MS for two
reasons: MS can use this signal to synchronize itself to the correct frequency and the
MS can use verify that this is the BCCH carrier.
▪Synchronization Channel (SCH): is a downlink broadcast channel of the base stations
of a GSM network. The SCH provides information to the Mobile Stations needed to
search for base stations, identify them and synchronize with them.
20
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	21. Cont..
Common control channels
Paging  Channel (PCH): Mobile in idle mode monitors PCH for paging continuously
and check for its address. It is mainly used by network to page or alert mobile for
mobile terminated call from another calling mobile.
Random access channel (PACH): Used by Mobile to access the GSM network
during call set-up time. Whenever mobile wants to make a MO (Mobile
Originating) call it schedules the RACH.
Access grant channel (AGCH): AGCH is the channel from the network to the
Mobile Subscriber (MS) in the downlink of GSM system. It carry information by
which mobile will determine whether the access to the network has been allowed
or denied.
21
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	22. Cont..
Dedicated control channels
Stand-alone  dedicated control channels (SDCCH):
Carrying signalling information following mobile to network
connection establishment and channel assignment.
Slow associated control channel (SACCH):
Receive Signal Strength Indicator (RSSI), and link quality
reports in the uplink direction towards the Mobile station.
It is available always between Mobile and BS in GSM when
a dedicated traffic link is active.
22
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	23. Cont..
Fast associated control  channel (FACCH): The FACCH is
used to carry out user authentication, handovers, and
immediate assignment.
Cell broadcast channel (CBCH): This channel is used to
transmit messages to be broadcast to all MS’s within a
cell. The CBCH uses a dedicated control channel to
send its messages, however it is considered a common
channel because all mobiles in the cell can receive the
messages.
23
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	24. GSM Identities
▪It is  stored as a 64-bit field and is sent by the
mobile device to the network.
▪It is also used for acquiring other details of the
mobile in the Home Location Register (HLR) or
as locally copied in the Visitor Location Register .
▪Mobile Station ISDN Number (MSISDN):
▪The MSISDN is a number, which uniquely
identifies a mobile telephone subscription in the
public switched telephone network numbering
plan.
24
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	25. Conti
▪Mobile Station ISDN  Number (MSISDN):
▪These are the digits dialed when calling a mobile
subscriber.
▪The MSISDN is consisted with followings;
▪
▪Country Code (CC)
▪National Destination Code (NDC)
▪Subscriber Number (SN)
▪
▪ MSISDN = CC + NDC + SN
25
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	26. Cont..
Mobile Station Roaming  Number (MSRN):
▪A MSRN is used during the call setup phase for mobile terminating calls.
Each mobile terminating call enters the GMSC.
▪The call is then re-routed by the GMSC, to the MSC where the called
Mobile Subscriber is located.
▪The MSRN is consisted with followings;
❖Country Code (CC)
❖National Destination Code (NDC)
❖Subscriber Number (SN)
▪ MSRN = CC + NDC + SN
26
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	27. GSM System Operation  (Traffic Cases)
Registration, call setup, and location updating
- Call setup
▪ Interrogation phase
▪ Radio resource connection establishment – Service request
▪ Authentication
▪ Ciphering mode setting
▪ IMEI (International Mobile Equipment Identity) check
▪ TMSI (Temporary Mobile Subscriber Identifier) reallocation
▪ Call initiation procedure
▪ Assignment of a traffic channel
▪ Call confirmation, call accepted, and call release
-Location updating
Normal location updating (idle mode)
Periodic location updating
27
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	28. Cont..
28
Fig 4: GSM  Channel Establishment
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	29. GSM Infrastructure Communications  (Um Interface)
OSI based signaling model indicated the various interfaces between the GSM
network elements and protocol stacks that serviced these nodes as defined
by the technical specifications of GSM.
The information transfer occurs at a Service Access Point (SAP), a logical
concept defined by the OSI model:
29
Fig-5: Three layers of interface in GSM-
Information between two node in a network
Dr. Shivashankar, ECE, RRIT
 


	30. Cont..
Layer 3: Networking  Layer Operations:
▪Within the GSM network, layer-3 provides the mobile network signaling
services for the mobile subscribers applications.
▪Also provides the connection management, maintain and terminate the
circuit switched connections from PSTN to a GSM mobile subscriber.
30
Figure 6: Information flow
between two nodes in a GSM
network
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	31. Cont..
Layer-2: Data Link  Layer Operations
▪ Controls the flow of packets to and from the network layer and provides
access to the various services.
▪ link Access Protocol D-channel modified(LAPDm) for Um: data link layer
protocol between the MS and BTS.
▪No need of appending and stripping of synchronization bits, S flag, and error
correction bits to and from the layer in LAPDm because the radio interface
(Um) performs these functions at the physical layer itself.
▪ Communicates by wireless across the radio interface as opposed to the
guided transmission of ISDN signals in case of the LAPD.
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	32. Cont..
Layer-1: Physical Layer  Operations
▪Physical layer or signal layer is the actual physical hardware, modulation
scheme and channel coding.
▪The GSM physical layer operations include various
❖channel coding techniques,
❖bit and frame interleaving of both traffic and control channel,
❖Ciphering,
❖Power control function,
❖synchronization of the mobile receiver,
❖cell selection strategy and
❖handover function.
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