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SYLLABUS '

EC8652 WIRELESS COMMUNICATION LTPC
3603

OBJECTIVES:

B To study the characteristic of wireless channe!

B To understand the design of a cellufar system

BTo study the various digital signaling techniques and multipath mitigation techniques
BTo understand the toncepts of multipie antenna techniques

UNIT | WIRELESS CHANNELS 4 9
Large scale path Joss — Path loss models: Free Space and Two-Ray models -Link Budget design - Smal] scaje

fading- Parameters of mobile multipath channels — Time dispersion parameters-Coherence bandwidth —
Doppler spread & Coherence time, fading due to Muttipath time delay spread — flat fading ~ frequency
selective fading — Fading due to Doppler spread — fast fading - slow fading.
UNIT It CELLULAR ARCHITECTURE

Muitiple Access techniques - FDMA, TDMA, CDMA — Capacity caleulations~Cellular
concept- Frequency reuse - channel assignment- hand off- interference & system Capacitytrunking & grade

of service — Coverage and Capacity improvement.

9

UNIT 1l DIGITAL SIGNALING FOR FADING CHANNELS 9
Structure of a wireless communication link, Principles of Offset-QpPsK, P/4-DQPSK,
Minimum Shift Keying, Gaussian Minimum Shift Keying, Error performance in fading
channels, OFDM principle - Cyclic prefix, Windowing, PAPR.
9

UNIT IV M ULTIPATH MITIGATION TECHNIQUES
Equalisation ~ Adaptive equalization, Linear and Non-Linear equalization, Zero forcing and LMs Aigorithms,
Di

Diversity ~ Micro and Macro diversity, iversity combining techniques, Error probability in fading channels
with diversity reception, Rake receiver.

UNIT V MULTIPLE ANTENNA TECHNIQUES

MIMO systems — spatial multiplexing -System model -Pre-coding - Beam forming -
transmitter diversity, receiver diversity- Channel state information—capacity in fading and non-fading

channels.

9

TOTAL: 45 PERIODS

OUTCOMES:

The student should be able to:

* Characterize a wireless cthannel and evolve the system design specifications
* Design a cellular system based on resource availability and traffic demands

channel and system under consideration,

TEXT BOOKS:
1. Rappaport,T.§,, —Wireless communication, Pearson Education, Second Edition, 2010.(UNIT L, 1v)

2. Andreas.F. Molisch, —Wireless Communications, John Wiley - India, 2006. (UNIT vy

REFERENCES:
1. Wireless Communication ~Andrea Goldsmith, Cambridge University Press, 2011

2. Van Nee, R. and Ramiji Prasad, —OFDM for wireless multimedia tommunications,
Artech House, 2000

Cambridge University Press, 2005.

4. Upena Dalal, —Wireless Communica@
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Lecture Schedule

Degree/Program: B.E / ECE Course code &Name: EC8652 -Wireless Communication
Duration:Feb 2021 - May 2021 Semester: VI Section: A Faculty : RAHAMATHUNISHA
AIM;

To expose the students to design of Cellular Systems

OBJECTIVES:

The students should be made to:
* To study the characteristic of wireless channe)
* Tounderstand the design of a cellular system
*  Tostudy the various digital signaling techniques and multipath mitigation techniques
*  Tounderstand the concepts of multiple antenna techniques

PREREQUISITES: Communication theory, Digital communication, Antennas

COURSE OUTCOMES:

After the course, the student should be able to:

" Course Outcomes |: ) POs ' PSOs |

|
" C312.1 (Char;cterize a wireless channel and evolve the systemn design[ 1,2,3,4,5,6,8,10,12 } 1,3
|

co |

specifications . o
‘ C312.2 | Design a cellular System based on resource availability and traﬁic’ 1,2,3,456,8,10,12 /' 1,3 |

|

i demands r
' f | | !
C312.3 I Identify suitable signaling and multipath mitigation techniques for the l 1,2,3,4,5,6,8,10,12 /T 1,3 ]
wirelesschannel and svstem under consideration. - _
I C312.4 } Analyze the various mitigation techniques to address fading and 1,2,34,5,6,8,10,12 13 I

{ interference in multipath propagation o |
C3125 | Compare the performance of channel using various propagationl 1,2,3,4,5,6,8,10,12 |' 1,3 |
|

|
oo models — I
_C312.6 | Use various signalling schemes s for wireless communication channels | 1,2,345681012 | 1,3 {
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. 3 | 2022021 REN Two-Ray model e ] _;i J
|4 | 23022021 4 | Link Budget desig design - ]
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Uit I - CELLULAR ARCHITECTURE _ Target periods :9

.I 10 N 06.03.2021 [ 1 [ Multrp!e Access techmques FDMA R _- ,' T1
- T 0803300 —+—— —_— —_
| 1 08.03.2021 | 5 iTDMA LT
I :__\__;,.,____________\___ — ————e e —_— — —
12 09032021 | 4 | CDMA T
L b 10.w03-202 1 7 ! Capacity calculations—Cellular concept ' T1 4
—— —emmme ——— ]
14 - 11.03.202] L7 Frequency reuse ,channel assrgnment | Ti
15 _"___11_03 2021 g _ Handoff - - _____:__'___lj___:
|16 | 13.03.2021 1 4 lnterference&system capacrty e S
—'_ _1_7_.' ) ]_5_@;%02_}__1_5_ | Trunking & grade of service S TI_
g' 18 . 15.03.2021 | 7 ECoverage andcapacrtyrmprovement ' T1
—_— —— — e ——— l -
UNIT III DIGITAL SIGNALING FOR FADING CHANNELS o Tarwet Penods 9 |
] 19 | 16.03.2021 _' 4 B Structure of a wireless commumcatron 1 link, —— " T ]
20 | 22.03.2021 | 3 | Principles ofC_)__ffsgt—QPgl(__ - . = o Lo T
21 | 23.03.2021 4 1 p/4-DQPSK. I — R R
L 22 | 24.03.2021 | 1 Minimum 1 Shift Keymg Y B VI
.23 | 25032 03.2021 7 Gaussian | Minimum Shift Keying —_— T
| _2f1_ | 25.03.2021 18 N _Error performance i in fading c channels — I T ..I
25 | 27.032021 |7 omMpnnc.p_re__ _— . ___]__R_z__ll
| 26 | 27@_2_02__8 | Cydlic prefix — R
[ 27 | 27 | 29.032021 |5 | Windowing, PAPR - —— | R7 —,I
UNITIV - MULTIPATH MITIGATION ONTECHNIQUES — Target Periods 9 |
28 | 30.03.2021 |4 | Equalisation —— T 7
| 29 i 30.03.2 2021 L b Linearand! Non—l.mearequahzatron | (N
| 39_;‘ 1024 2021 4__ | Zeroforcmg and LMSAIgonthm — ] T
[ 31 ] 12,04 2_02_1__'___5_ | Diversity - Micro diversity, — e A
|33 | 13.042021 14 Macro diversity e T
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/ 36 [ 15.04. 2021 ié“”"_'_‘jggg receiver _’"“:_W%_:_““___ — T T ]

UNIT V- MULTIPLE ANTENNA Tscumauss Target Periods:9 [
5 . __HH

’,
J
I

37 16.04.2021 i MIMO systems

f 38 | 19.04.2021 spatial Multiplexing R2 \(
39 | 20042021 | 8 | system model “R2 _i
40 | 24.04.2023 S5 | Precoding - - o R2 ]
41 | 26.04.2021 | 4___’| Beam forming ___—‘ _R2

|42 | 27042021 | 5 | Transmitter diversity [ RI

——

| Receiver diversity
——_______________ ___________________“________
1 Channel state information Rl

7% | Capacityin fading and non- -fading channels. j___ - B ] RI |

o Content Bey ond the Syllabus - - |

6 | 01.05. L 46 | 01052021 | 8 T Gsm for wireless commumcatlon | |
1L ¢ ! GSMforw —_— N

Book Reference — Text Books

Title of the Book Year
-—
Wireless communication

| Rappaport, T.S 2010

2. Wireless Communication | Andreas.F. Molisch | John Wiley - Indi | 2006

book Reference- References

—
T
<
SLNo | Title of the Book Author Publisher [Year :f

1. f Wireless Communication Andrea Goldsmith !Cambn'dge University Press [ 2011
[ OFDM for wireless }
2

multimedia Van Nee, R. and Ramiji
communications Prasad rtech House

3 Fundamentals of Wireless | David Tse and Pramod
Communication Viswanath mbridge University Press

4 Wireless Communication | Upena Dalal Oxford University Press | 2009
I J [

Website Reference:

https://www.n telvideos. com/commumcatlons/wuele
Lps.//www.nptelvideos —rvommunications/wirele
$8_communications, php

https://www, tutorialspoint. com/orthogonal-
frequency—dmsnon-multlplexmg~ofdm
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Identification of Curricular Gap & Content Bevond Syllabus(CBS

Name of the Faculty :Mrs. Rahamathunisha N
Course Code & Name: EC 8652 Wireless communication

Degree & Program:B.E. /ECE, Semester & Section: VI/ A Academic Year: 2020 -2021 /JEVEN
I.Mapping of Course Outcomes with POs & PS0s.( before CBS)

Table.1 Mapping of COs, C, PSOs with POs - before CBS.

Course | PO1 [ PO2 | PO3 PO4 | PO5 | PO6 | PO7 PO8 | PO9 | PO10 | POI1 PO12 | PSOL | PSO2
C312.1 | 3 3 - 2 1 1 - - - 1 - 1 3 I
C3122 | 3 3 2 2 - - 1 - 1 - > 3 i
C312.3 3 3 - 2 2 | - - | - 2 3 1
G4 3 | 31 -T2 [ 2 1 17 - T —T— 1 - 2 3 |
C312.5 3 3 - 2 2 1 - - - | - 2 3 1& j§
C312.6 3 3 - 2 2 1 - - - 1 - 2 3 1
C312 3 3 2 2 2 1 - 1 - | - 2 3 1
2
IL. Identification of content beyond syllabus.
Table.2 Identification of content beyond syllabus
; POs strengthened/ p
Details of Content Beyond Syllabus(CBS) added vacant filled CO/Unit
GSM for Mobile Communication Eﬁeséz) i C3122/11

III. Mapping of Course Outcomes with POs & PSOs. (After CBS)
Table.3 Mapping of COs, C, PSOs with POs- after CBS.

Course | PO | PO [ PO TPO TPO [PO [PO [PO [ PO [POI [POI [P0, P50 1555

L 12 13 14 |5 J6 |7 (8 Jo o |1 |2 |1 |s
bucsl BF 311 RS RN BT T PPN B e 1 Sl P e B 1
ZCSIZ. 3 3 ) 2 9k 1 : 1 : 1 5 2 3 1
B2 g )1y 2 2 | igle- |- - o 20 Al | L'l
: ~ >
ol I Sl I (NI E S POV ESE (I DO 1 - bl | mEeE
ottt O T PIEYER (RS Mo 2 I T 1 o P oy 2, 1038
C312. | gy gl o, [ - = E o Dl I T
6 l’ .\.' N /’ »
C3M2 | 3 |-3:] 2 1525 2 [ \_'}5'3‘ LA - l - 2 3 e}
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Syllabus(CBSYMATERIAL

Name of the Faculty : Mrs. RAHAMATHUNISHA N
Course Code & Name  ; EC8652 & WIRELESS COMMUNICATION
Degreec &Program:B.E./ECE Semester&Section:VI/A AcademicYear:2020-2021/EVEN

TOPIC:GSM FOR MOBILE COMMUNICATION

Definition

Global system for mobile communication(GSM) is a globally accepted standard for digitalcellular
communication. GSM is the name of a standardization group established in 1982 to create a
common European mobile telephone standard that would formulate specifications for a pan-
European mobile cellular radio system operating at 900 MHz.

Introduction:The Evolution of Mobile Telephone Systems

Cellular is one of the fastest growing and most demanding telecommunications applications. Today,
it represents a continuously increasing percentage of all new telephone subscriptions around the
world. Currently there are more than 45 million cellular subscribers worldwide, and nearly 50
percent of those subscribers are located in the United States, It js forecasted that cellular systems
using a digital technology will become the universal method of telecommunications. By the year
2005, forecasters predict that there will be more than 100 million cellular subscribers worldwide. It
has even been estimated that some countries may have more mobile phones than fixed phones by the

year 2000 (see Figure ).

Milions o 100 oo v
Subscribers
BG-- -
60 -4- o
40] i
204

1 N o
1981 1583 1995 2005

Figurel.CellularSubscriberGrowthWorldwide
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provide the capacity necessary to transmit appropriate data signals between two access points creating
an interface to the network. In addition to normal telephony and emergency calling, the following

subscriber services are supported by GSM: -

Dual-tone multifrequency (DTMF)—DTMF §s 3 tone signaling scheme often used for various
control purposes via the telephone network, such s remote control of an answering machine, GSM

supports ﬁxH—originating DTMF.

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 al mobile subscribers in a certain geographic area.

Typicalapplications include traffic congestion warnings and reports on accidents.

by the subscriber. Calls can be forwardedto the subscriber's voice-mail box and the subscriber checks
for messages via a personal security code.

vr G, Baiag/iw., Ph.D,
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The concept of cellular service is the use of low-power transmitters where frequencies can be reused
within a geographic area. The idea of cell-based mobileradio service was formulated in the United

States at Bell Labs in the early 1970s
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 reason for this is to limit
the designers as little as possible but stillto make it possible for the operators to buy equipment from
different suppliers. The GSM network is divided into three major systems: the switching system
(88),the base station system (BSS), and the operation and su port system (OSS). The basic GSM

I " A '; ;
. f
~

PSPON
Basa Station
Syatem
| iformaton |
| wansmissior '
| Gall cornact.ons
BNOPECIRATN smovommene
fransrisson

network elements are shown in Figure 2. >

‘Vhe Switching System

The switching system (SS) is responsible for performing call processing andsubscriber-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
functionsas toll ticketing, network interfacing, common channel signaling, and others.

Dr. G. BalakYlsthan, M.E, Ph.D,
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Visitor Location register (VLR)—The VLR js a database that containg temporary information
about subscribers that is needed by the MSC in order to service visiting subscribers. The VLR is

network operators from different types of fraud found in today's cellular world.

Equipment Identity register (EIR}—The EIR is a database that containg information about the
identity of mobile equipment that prevents calls from stolen, unauthorized, or defective mobile
tations. The AUC and EIR are implemented as stand-alone nodes or as g 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 (BTS:s).

Itisa 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

GSM SPECIFICATIONS:

* bandwidth—the range of a channel's limits; the broader the bandwidth, the
faster data can be sent

* bits per second (bps)—a single on-off pulse of data; eight bits are equivalent to one
byte

* frequency—the number of cycles per unit of time; frequency is measured in
hertz (Hz)

* kilo (k)—kilo is the designation for 1,000; the abbreviation kbpsrepresents 1,000

bits per second

* megahertz (MH2z)—1,000,000 hertz (cycles per second)milliseconds (ms)—one-

thousandth of a second
* frequency band—The frequency range specified for GSM is 1,850 to 1,990 MHz

(mobile station to bage station),

* channel separation—The separation between adjacent carrier frequencies. In

GSM, this is 200 kHz, "
Dr. G. Bala mfs PhD,
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Fax mail—With this service, the subscriber can recejve 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

call forwarding—This service gives the subscriber the ability to forward incoming calls to
another number if the called mobile unit isnot 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 amobile 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 callbarring exist: baring of all incoming calls and barring of
incoming callswhen 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. AoCfor 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 notifiedof 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,

Thisservice 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 restrictionoverrides 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,
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Assigmnent Question Pa per

_Assi_gnment-ﬂl - o -_"ﬁa_téﬁlss_ue: | 15.032021 '_Erks___w 10
 Coursecode | EC8652 | Course Tifle | Wireless Communication
‘Year  m | Semester/Section | VI/A | Date of Submission: | 29.03.2021
Qﬁd—i - ~ Questions - co |

1 Describe free space propagation mode aﬁ_d_eriv;thgoss_in received s_ign:Isfréngth_ 3121 |

2 iEom_pare and contrast of fast and slow f_ading In

low data rate communications. Why?

3

| Ex_plain_Cél_l S;Ttting, Ceﬁs-ea)rin-g_techniqdes_

practice fast fading occurs only in very | C312.1

4 —, Explain about co-channel iniéffe;euﬁceiﬁda_dj;cent' channel interference. Describe the 763125 i
| techniques to avoid interference '

™
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| Assignment Answer Slieet

Name of the Student : A.RAGAV]

AU Register Number: 81 1221419016

f h Assignment — 01 T | Date of Issne; | 15.03.2021 | Marks | 10
| Coursecode | EC8652 | Course Title | WIRELESS COMMUNICATION —

|

| Year - T - } Semester/Section j msA J’_Date of Submission: | 29.03202] _f
| Q.No f] h - - Qu:astions S - _'ll" Co J

] |
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'_ C312. 1 | Characterize a wireless c channel a and evolve the system des;gn spec:flcatlons e
C312 2 | Desxgn a cellular ar system b based on res_purce avgﬂabil_itl and trgfﬁc demanc_ls B ————
C312 3 Identify suitable sigr signaling and multipath mitigation techniques for the wireless channel and system under

! | consideration.
| C3124 Analyze the various ‘mitigation techmques to address fading and interference in multipath
. _| propagation o e
' (3125 2.5 | Compare the per performance of channel us using g various ) Exgp;watxon models o o
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1 [What is meant by large scale path loss models? i S . |cot T K2
L2 IDefneReﬂectlon e 1ICOT | K
| 3 Wnte the condmons for frequency selectlve fading, —_ ~ |cor | k2
| 4 | Definem maximum excess delay. _— _l cot | Kt
5| State the e difference between large scale and small scale fading - |1 [k
.6 Whatst_opﬂersp_ead" — @@ Jeo TE
L7 Qc_aﬁne Coherence Bandwidth o ———_jcot K2
' 8 Givethe expression for system capacity  using - frequency Teuse Sune——— L= <
I | Wh\ the hexaLonls usedasacell shape'? o S | co2 | K4
10 | Define FDMA (co2 | K1
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|' I1b Explaln small scale f fadmg parameters of mobile muItxpath channels | Co1 | K2

B 12a ' Explam the features of various multxple access techmques used in wxreless co2 | K3
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I 13a 'lee a detaﬂed  note about the link budget design using | path loss models. EE— L
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| 13b _[Explain H Handoffstrateues ies in detaﬂ —_— @ Je T xr
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