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1.  Define noise 

2 MARKS 

UNIT  1 

Noise is an unwanted electrical signal which gets added tom a transmitted signal 

when it is travelling towards the receiver 

2.  Define noise figure 

Noise figure is a figure of merit and used to indicate how much the signal to noise 

ratio gets degraded as a signal passes through a series of circuits 

3.  What is meant by analog communication system? 

The modulation systems  or techniques in which one of the characteristics of the 

carrier is changed in proportion with the instantaneous value of modulating signal 

is called analog communication system. 

4.  Define modulation 

Modulation is defined as changing the characteristics of the carrier signal with 

respect to the instantaneous change in message signal. 

5.  What are the needs for modulation 

In order to carry the low frequency message signal to a longer distance, the high 

frequency carrier signal is combined with it. 

a)  Reduction in antenna height 

b)  Long distance communication 

c)  Ease of radiation 

d)  Multiplexing 

e)  Improve the quality of reception 

f)   Avoid mixing up of other signals 

6.  What are the advantages of Analog communications 

Transmitters and Receivers are simple 

Low bandwidth requirement 

FDM can be used 

7.  What are the disadvantages of analog communication? 

Noise affects the signal quality 

It is not possible to separate noise and signal 

Repeaters can’t be used between transmitters and receivers 

Coding is not possible 

It is not suitable for the transmission of secret information 
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8.  Define Amplitude modulation. 

Amplitude Modulation is defined as changing the amplitude of the carrier signal 

with respect to the instantaneous change in message signal. 

9.  Define Frequency modulation. 

Frequency Modulation is defined as changing the frequency of the carrier signal 

with respect to the instantaneous change in message signal. 

10. Define Phase modulation. 

Phase Modulation is defined as changing the phase of the carrier signal with 

respect to the instantaneous change in message signal. 

11. Define modulation index 

It is defined as ratio of amplitude of the message signal to the amplitude of the 

carrier signal 
 

 

12. Define percentage modulation 

m=Em/Ec 

It s defined as the percentage change in the amplitude of the output wave whn the 

carrier is acted on by a modulating signal. 
 

M=(Em/Ec)*100 
 

13. State Carson’s rule. 

Carson’s rule states that the bandwidth required to transmit an angle modulated wave 

as  twice  the  sum  of  the  peak  frequency  deviation  and  the  highest  modulating  signal 

frequency. Mathematically carson’s rule is 

B=2(   f +fm) Hz. 

14. Define Deviation ratio. 

Deviation ratio is the worst case modulation index and is equal to the maximum peak 

frequency deviation divided by the maximum modulating signal frequency. Mathematically 

,the deviation ratio is 

DR=    f (max)/fm(max) 
 

 
 

UNIT  2 
 

1.  Define Digital modulation 

Digital Modulation is defined as changing the amplitude of the carrier signal with 

respect to the binary information or digital signal. 

2.        What are the advantages of Digital communications 

It has a better noise immunity 

Repeaters can be used between transmitters and receivers 

It becomes simpler and cheaper as compared to the analog communication 

3.  What are the disadvantages of Digital communications 

It requires a larger channel bandwidth 

Delta modulation needs synchronization incase of synchronous modulation 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



 

http://www.francisxavier.ac.in 

 

4.  Define bit rate 

Bit rate is defined as number of bits transmitted during one second between the 

transmitter and receiver. 

5.  Define baud rate. 

Baud rate is defined as the rate of change of signal on transmission medium after 

encoding and modulation have occurred. 

6.  Define Amplitude Shift Keying (ASK). 

Amplitude Shift Keying is defined as changing the amplitude of the carrier signal 

with respect to the binary information or digital signal. 

7.  Define Frequency Shift Keying (FSK). 

Frequency Shift Keying is defined as changing the amplitude of the carrier signal 

with respect to the binary information or digital signal. 

8.  Define Phase Shift Keying (PSK). 

Phase Shift Keying is defined as changing the amplitude of the carrier signal with 

respect to the binary information or digital signal. 

9.  Define Minimum Shift Keying (MSK). 

The minimum frequency space that allows the 2 fsk representing symbols 0s and 

1s. Thus CP (Continuous Phase) FSK signal with a deviation ratio if one half is 

defined as MSK. 

10. Define Quadrature Amplitude modulation (QAM). 

QAM  is  a  form  of  digital  modulation  similar  to  PSK  except  the  digital 

information is  contained  in  both the  amplitude and  phase  of  the  transmitted 

carrier. 

(or) 

QAM is defined as changing the amplitude as well as the frequency of the carrier 

signal with respect to the binary information or digital signal. 

11. Define bandwidth efficiency 

Bandwidth efficiency is the ratio of the transmission bit rate to the minimum 

bandwidth required for a particular modulation 

12. What are the advantages of MSK? 

MSK baseband waveform are smoother compared with QPSK 

MSK signals have continuous phase 

It does not have any amplitude variation 

13. What are the advantages of QPSK? 

Very good noise immunity 

Effective utilization of available bandwidth 

Low error probability 

Very high bit rate data transmission. 
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UNIT 3 
 
1.  What is meant by data communication 

Data communication can be defined as two personal computers connected through 

a Public Telecommunication Network (PTN) 
 

 

2.  What are the applications of data communication? 

Used in Automatic Teller Machine (ATM) 

Internet 

Airline and Hotel reservation system 

Mass media 

NEWS network 
 

 

3.  What are the advantages and disadvantages of Parallel communication 

Advantages: 

Parallel transmission is speed 

Used for short distance communication 

Disadvantages: 

Require more lines between source and destination 

More cost 
 

 

4.  What are the advantages and disadvantages of series communication 

Advantages: 

Number of transmission lines is less 

Used for long distance communication 

Low cost 

Disadvantages: 

Speed is low 
 

 

5.  What is meant by point to point communication? 

point to point communication is the link between two stations A and B ie)., 

information is transferred between a main frame computer and a remote computer 

terminal 
 

 

6.  What is multipoint communication? 

A multipoint line configuration is one in which more than two specific devices 

share a single link 

7.  Define Morse code. 
 

It is used to send messages 
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A key which turned the carrier of a transmitter ON and  OFFto produce the dots 

and dashes 
 

These dots and dashes were detected at the receiver and it is converter back into 

letters and numbers makes the original message 
 

8.  What are the different types of error detection techniques? 

a.   Redundancy 

b.  Echoplex 

c.   Exact count encoding 

d.  Parity 

e.   Check sum 

f.   Vertical Redundancy Check 

g.  Horizontal Redundancy Check 

h.  Cyclic Redundancy Check 
 

 

9.  What is meant by Forward Error Correction (FEC)? 

FEC, a receiver can use an error correcting code, which automatically correct 

certain errors without any retransmissions 

In FEC, bits are added to the message before the transmission 

Purpose of FEC code is to reduce the wasted time of retransmission 
 

 

10. Define Pulse Amplitude modulation 

The amplitude of a carrier pulse is altered in accordance to that of amplitude of 

message signal to make it accommodate the information signal. 

11. Define Pulse width modulation 

In PWM system, the message signals are used to vary the duration of carrier 

pulse. The message signal may vary either the trailing edge or leading edge or 

both of the carrier pulses n order to accommodate the intelligence of information 

system. 

12. Define Pulse position modulation 

The position of a carrier pulse is altered in accordance with information contained 

in sampled waveform. 

13. Define Pulse code modulation 

Pulse code modulation refers a form of source coding. It is a form of digital 

modulation techniques in which the code refers a binary word that represent digital 

data.With PCM, the pulses are of fixed length and fixed amplitude. 

14. Define sampling rate 

The sampling rate fs  must be atleast two times the highest frequency component of the 

original signal to be accurately represented 

fs>=2fm 
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1.  Define entropy 

UNIT 4 

The entropy of a source is a measure of the average amount of information per 

source symbol in a long message 

2.  What is meant by variable length coding? 

The message occurring frequently can be assigned short code words, whereas 

message which occur rarely are assigned long code word, such coding is called 

variable length coding 

3.  Define source encoder 

The efficient representation of data generated by a discrete source is known as 

source encoding. This device that performs this representation is called source 

encoder. 

4.  Define source encoding theorem 

The discrete memory less source of entropy H(X), the average code word length 

(L) for any distortion less source encoding is bounded. 

5.  Define code redundancy 

It is the measure of redundancy bits in the encoded message sequence. 

6.  Mention the needs for encoding 

To improve the efficiency of communication 

To improve the transmission quality 

7.  What are the advantages of Shannon fano coding 

Reduced bandwidth 

Reduced noise 

It can be used for error detection and correction 

8.  Define mutual information 

It is defined as the amount of information transferred when Xi is transmitted and 

Yi is received. It is represented by I(Xi,Yi) 

The average mutual information is defined as the amount of source information 

gain per received symbol 

9.  Define channel capacity 

Channel capacity is defined as the maximum of the mutual information that may 

be transmitted through the channel 

10. Define channel coding theorem 

Channel  coding  theorem  is  applied  for  discrete  memory  less  additive  white 

gaussian noise channels 

11. What are the types of error control method? 

Error detection and retransmission 

Error detection and correction 

12. Define linear block codes 
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A block code of length n and 2k code words is calleda linear (n, k) code if and 

only if its 2k code words form a k-dimensional subspace of the vector space of all 

the n-tuples over the field GF(2). 

13. What are the objectives of cyclic codes 

Encoding and syndrome calculations can be easily implemented by using simple 

shift register with feedback connection 

It is possible to design codes having useful error correction properties 
 

 
 

UNIT 5 
 
1.  Define Advanced Mobile Phone Services (AMPS). 

 
AMPS is a Standard Cellular Telephone Service (CTS). The AMPS system uses a seven 

cell reuse pattern with provisions for sectoring and cell splitting to increase channel when 

needed.  AMPS  uses  frequency modulation and  frequency division  duplex  for  radio 

transmission. 
 

2.  What is meant by super audio tone (SAT)? 

• SAT is superimposed on the voice signal on both the forward and reverse link and 

is barely audible to the user 

• The particular frequency of the SAT denotes the particular base station location 

for a given channel and is assigned by the MSC for each call. 

3.  What is meant by signaling tone? 

The signaling tone is a 10 kbps data base which signals call termination by the 

subscriber. It is a special end of call message consisting of alternating 1s and 0s which is 

sent on the RVC by the subscriber unit for 200ms. The signaling tone alerts the base 

station that a subscriber has ended the call. 
 

 

4.  Define GSM. 

Global system for mobile communication (GSM) is a globally accepted standard 

for digital cellular 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.  It  is  estimated  that  many  countries  outside  of  Europe  will  join  the  GSM 

partnership. 

 
5.  What is meant by Telephone services in GSM? 

Teleservices   provides   communication   between   two   end   user   applications 

according to a standard protocol. GSM mainly focuses on voice oriented tele services. 

This service includes emergency calling and facsimile. GSM also supports video text and 

tele text. 
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6. Name the different types of GSM services 
 

•   Telephone services 

•   Data services 

•   Supplementary services 
 
7. Define Subscriber Identity Module (SIM). 

 
It  is  a  memory device that  stores information such as  the  subscribers identification 

number, the networks and countries where the subscriber is entitled to service, privacy tax and 

other user specific information 
 

A subscriber uses the SIM with a four digit personal ID number to activate service from 

GSM phone. 
 
8. Define HLR. 

 

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. 

 
9. Define VLR. 

Visitor location register (VLR)—The VLR is a database that contains temporary 

information about subscribers that is needed bythe 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. 

 
10. Define MSC. 

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. 

 
11. What is Bluetooth? 

Bluetooth is a standard developed by a group of electronics manufacturers that allows 

any sort of electronic equipment from computers and cell phones to keyboards and headphones 

to make its own connections, without wires, cables or any direct action from a user. Bluetooth is 

intended to be a standard that works at two levels. 
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12. What are the three orbits of satellite? 

Low Earth orbit 

Medium Earth orbit 
 
Geosynchronous Earth orbit 

 
13. State Kepler’s laws of planetary motion 

 
1. A satellite will orbit a primary body following an elliptical path 

 
2. For equal intervals of time a satellite will sweep out equal areas in orbital plane 

 
3. The square of the periodic time of orbit is proportional to the cube of the mean distance 

between the primary and the satellite 
 

14. What are the links in satellite communication? 
 

i)         Uplink 

ii)        Downlink 

iii)       Crosslink 
 

15. Define apogee 
 

The point in an orbit that is located farthest from earth 
 
16. Define perigee 

 
The point in an orbit that is located closest to earth 

 
17. Define Handoff. 

 

When a user/call moves to a new cell, then a new base station and new channel should be 

assigned (handoff) 

• Handoffs should be transparent to users, while their number should be 

kept to minimum 

• A threshold in the received power (Pr, handoff) should be determined to trigger the 

handoff process. This threshold value should be larger than the minimum acceptable 

received power (Pr, acceptable) 

• Define: Δ=Pr,handoff - Pr,acceptable 

– If Δ is large then too many handoffs 

– If Δ is small then insufficient time to complete a handoff. 
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16 – MARKS 

UNIT – 1 

1.  Define noise and explain the different types of noise. 

Noise is a general term which is used to describe an unwanted signal which 

affects a wanted signal 

Noise can be classified into two 

i)           Internal noise 

•   Thermal noise 

•   Shot noise 

•   Partition noise 

•   Low frequency noise 

•   High frequency noise 

ii)          External noise 

•   Atmospheric noise 

•   Industrial noise 

•   Extra-terrestrial noise 
 
Note: explain all types of noise. 

 
2.  Define Amplitude modulation (AM) and explain the concept of AM in detail. 

Amplitude Modulation is defined as changing the amplitude of the carrier signal 

with respect to the instantaneous change in message signal. 
 

Note: 
 

 
 

• Draw  the  amplitude  modulated  wave  form,  its  envelope  and  its  frequency 

spectrum and bandwidth, 
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3.  Define AM power distribution in detail 
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3.Problems 
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4.Explain the concept of angle modulation and its waveform in detail. 
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4.  Derive the expression for frequency deviation, phase deviation and modulation index in 

angle modulation. 
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5.  Explain the frequency spectrum and bandwidth requirement of angle modulated wave 
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UNIT 2 
 
1.  Explain the concept of ASK in detail 
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2   Explain FSK in detail 
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3   Explain the concept of BPSK in detail. 
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4   Explain QPSK in detail with a necessary block diagrams. 
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5   With necessary equation and  signal space diagram explain briefly about QAM 

system.(8) 
• QAM is a combination of ASK and PSKTwo different signals sent simultaneously on 

the same carrier frequency ie,M=4, 16, 32, 64, 128, 256 As an example of QAM, 12 different 

phases are combined with two different amplitudes. Since only 4 phase angles have 2 different 

amplitudes, there are a total of 16 combinations. With 16 signal combinations, each baud equals 

4 bits of information (2 ^ 4 = 16). Combine ASK and PSK such that each signal corresponds to 

multiple bits. More phases than amplitudes. Minimum bandwidth requirement same as ASK or 

PSK 
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UNIT 3 
 

1.  Explain the history of data communication 

 
Data Communications History 

• 1838: Samuel Morse & Alfred Veil Invent Morse CodeTelegraph System 

• 1876: Alexander Graham Bell invented Telephone 

• 1910:Howard Krum developed Start/Stop Synchronisation 

 
History of Computing 

• 1930: Development of ASCII Transmission Code 

• 1945: Allied Governments develop the First Large Computer 

• 1950: IBM releases its first computer IBM 710 

• 1960: IBM releases the First Commercial Computer IBM 360 

 
Main Contributors of Data Comm. 

• Transmission Technology 

• Packet Switching Technology 

• Internet – 1967: ARPANET by Advanced Research Project Agency (ARPA) of U.S. 

– 1975: TCP/IP protocol 

• LAN Technology 

– DIX-Ethernet & IEEE 802 Networks 

• WAN  
– 1976: ISO releases HDLC & CCITT releases X.25 (PSPDN) 

 

2.  Explain in detail about data communication codes. 

ASCII code 

ASCII is defined in ANSI X3.4 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



 

 

 

o Corresponding CCITT recommendation is IA5 (International Alphabet 
No.5) 

o – ISO specification is ISO 646 
Total 128 codes 

o – 96 codes are graphic symbols (in Col. 2~7). 

o 94 codes are printable 

o And 2 codes viz. SPACE & DEL characters arenon printable 

o 32 codes control symbols (Col. 0 & 1) 
      All are non printable 

•   EBCDIC code 

o It is an 8-bit code with 256symbols 

o No parity bit for error checking 

o The graphic symbols are almostsame as ASCII 

o Several differences in Controlcharacters as compared to ASCII 

 
•   BAUDOT code 

o It is a 5-bit code also known asITA2 (International TelegraphAlphabet No. 
2). 

o 32 codes are possible. With thehelp of Letter shift & Figure shift key same 

code is used torepresent two symbols. 

o Maximum symbols in this code are58 

o Used in Telegraphy/Telex 
 
3.  Explain PAM n detail. 

Pulse Amplitude Modulation (PAM) 
 

Amplitude of pulse is proportional to the amplitude of the modulating signal.The 

width and position of the pulse remains unchanged. 
 

PAM Modulator 
 

•   Message signal is transmitted to LPF 

•   LPF performs bandlimiting 

•   Band limited signal is then sampled at the multiplier. 

•   Multiplier samples with the help of pulse train generator 

•   Pulse train generator produces the pulse train 

•   The multiplication of message signal and pulse train produces PAM signal 
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Message 

signal 

 

LPF               Multiplier 

 

Pulse 

shaping 

network 

PAM 

signal 

 

Pulse train 

generator 
 
 
 
 
 
 
 
 

 
PAM demodulator 

 

 
 

PAM signal 

 

 
 
 

Reconstruction 

Filter 

 
 

 
Reconstructed 

PAM signal 

 
 

4.  Explain the concept of PWM in detail. 

 
Pulse Width Modulation 

 

Width  of  pulse  is  proportional  to  the  amplitude  of  the  modulating  signal.The 

amplitude and position of the pulse remains unchanged. 
 

PWM Modulator 
 

• It is basically a monostablemultivibrator with message signal applied at the control 

voltage input. 

• Externally applied modulating signal changes the control voltage and hence the threshold 

voltage level 

• The time period required to charge the capacitor upto threshold level changes giving 

pulse modulated signal 
 

PWM demodulator 
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5.  Explain PPM in detail. 

 
PPM Modulator 

 
• Sawtooth generator generates sawtooth signal of frequency which is applied to inverting 

input of comparator 

•   Modulating signal is applied to the non-inverting input of comparator 

• When the value of message signal is higher than value of sawtooth ,then the output is 

high 

•   When the value of message signal is lower than value of sawtooth ,then the output is high 
 
PPM demodulator 
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6.  Explain PCM in detail. 

 
Defn:                                                                                                              (2 marks) 

 

 
 

Block Diagram of Transmitter                                                                               (3 marks) 
 
 

Sampler          Quantizer          Encoder 
 

 

Write explanation 
 
Block Diagram of Receiver                                                                         (3 marks) 

 
 

 
 

Quantizer              Decoder               
Holding 

circuit 

 

LPF 

 
 

 
Write explanation. 
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A convolutional encoder with k=1, n=2 and r=1/2 

 

 

UNIT 4 
 

1.Describe about linear block codes in delail.                                                               (10) 
 

Definition:Block code 
 

Parity check:even parity and odd parity 

Hamming weight,Hamming Distance 

Minimum weight,minimum distance 

Generator matrix,Parity check matrix,syndrome vector 
 

2.Explain about Convolutional codes.                                                                                (6) 
 

*Convolutional codes are  widely used as  channel codes in  practical  communication 

systems for error correction. 

*The encoded bits depend on the current k input bits and a few past input bits. 

* The main decoding strategy for convolutional codes is based on the widely used Viterbi 

algorithm. 

*Convolutional codes are commonly described using two parameters: the code rate and 

the constraint length. The code rate, k/n, is expressed as a ratio of the number of bits into the 

convolutional encoder (k) to the number of channel symbols output by the convolutional encoder 

(n) in a given encoder cycle. 

*The constraint length parameter, K, denotes the "length" of the convolutional encoder, 

i.e. how many k-bit stages are available to feed the combinatorial logic that produces the output 

symbols. Closely related to K is the parameter m, which can be thought of as the memory length 

of the encoder. A simple convolutional encoder is shown below(fig 3.1). The information bits are 

fed in small groups of k-bits at a time to a shift register. The output encoded bits are obtained by 

modulo-2 addition (EXCLUSIVE-OR operation) of the input information bits and the contents of 

the       shift       registers       which       are       a       few       previous       information       bits. 
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The operation of a convolutional encoder can be explained in several but equivalent ways such 

as, by 

a) state diagram representation. 

b) tree diagramrepresentation. 

c) trellis diagram representation. 

 
a) State Diagram Representation: A convolutional encoder may be defined as a finite state 

machine. Contents of the rightmost (K-1) shift register stages define the states of the encoder. So, 

the encoder in Fig. 3.1 has four states. The transition of an encoder from one state to another, as 

caused by input bits, is depicted in the state diagram.Fig. 3.2 shows the state diagram of the 

encoder in Fig. 3.1. A new input bit causes a transition from one state to another. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

State diagram representation for the encoder 

 
b) Tree Diagram Representation: The tree diagram representation shows all possible 

information and  encoded sequences for the  convolutional encoder. Fig. 3.3 shows the  tree 

diagram for the encoder in Fig. 3.1. The encoded bits are labeled on the branches of the tree. 

Given an nput sequence, the encoded sequence can be directly read from the tree. Representing 

convolutional codes compactly: code trellis and state diagram: State diagram 
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Fig.3.3 A tree diagram for the encoder in Fig. 3.1 

 

 

 
Inspecting state diagram: Structural properties of convolutional codes: 
• Each new block of k input bits causes a transition into new state 
• Hence there are 2k branches leaving each state 

• Assuming encoder zero initial state, encoded word for any input of k bits can thus be obtained. 

For instance, below for u=(1 1 1 0 1), encoded word v=(1 1, 1 0, 0 1, 0 1, 1 1, 1 0, 1 1, 1 1) is 

produced: 

- encoder state diagram for (n,k,L)=(2,1,2) code - note that the number of states is 2L+1 = 8 

Distance for some convolutional codes: 
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Fig.3.4. Trellis diagram for the encoder in Fig. 3.1 

3.A 1/3 rate convolutional encoder has the following generator g1=(1 0 0), g2=(1 0 1), 

g3=(1 1 1) 
 

i)Draw the encoder circuit corresponding to this code 

(16 Maks) 

(3) 

ii) Draw the code tree (3) 

iii) Draw the state Diagram (3) 

iv) Draw the trellis Diagram (3) 

v)This  code  is  used  for  transmission over  a  Awgn channel with hard  decision 

decoder. The output of the demodulation decoder is 1010010111101111….Using viterbi 

algorithm find the transmitted sequence. (4) 

 

 

c) Trellis Diagram Representation: The trellis diagram of a convolutional code is obtained 

from its state diagram. All state transitions at each time step are explicitly shown in the diagram 

to retain the time dimension, as is present in the corresponding tree diagram. Usually, supporting 

descriptions on state transitions, corresponding input and output bits etc. are labeled in the trellis 

diagram. It is interesting to note that the trellis diagram, which describes the operation of the 

encoder, is very convenient for describing the behavior of the corresponding decoder, especially 

when the famous „Viterbi Algorithm (VA)‟ is followed. Fig. 3.4 shows the trellis diagram for 

the encoder in Figure 3.1. 
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4. Explain Cyclic codes in detail 
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UNIT 5 
 

1.  Explain the concept of AMPS. 

 
•   AMPS channel 

o Explanation 

•   N AMPS 

o Explanation 

•   Voice modulation and Demodulation 

o Compander 

o Pre-emphasis 

o Division Limiter 
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o Post deviation limiter filter 

o Supervisory signal 
 

2.  Explain the concept of GSM. 

Global  system  for  mobile  communication  (GSM)  is  a  globally  accepted 

standardfor digital cellular communication. GSM is the name of a standardization 

groupestablished in 1982 to create a common European mobile telephone standardthat 

would formulate specifications for a pan-European mobile cellular radiosystem operating 

at 900 MHz. It is estimated that many countries outside ofEurope will join the GSM 

partnership. 

 
Throughout the evolution of cellular telecommunications, various systems 

havebeen developed without the benefit of standardized specifications. This presented 

many problems directly related to compatibility, especially with the development of 

digital radio technology. The GSM standard is intended to address these problems. 

 

 
 

GSM network elements 

 
GSM SERVICES 
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•   Telephone Services 

o Explanation 

•   Data Services 

o Explanation 

 
•   Supplementary Services 

o Explanation 
GSM Features: 

o Explanation 
GSM System Architecture: 

•   Base Station Subsystem (BSS) 

•   Network and Switching Subsystems (NSS) 

•   Operation Support Subsystem (OSS) 

 
GSM interface: 

•   Abis interface 

•   A – interface 

 
GSM channel Types: 

•   Traffic channels 

•   Control channels 

Frame structure for GSM: 

 
3.  Explain CDMA in detail 

 
Definition Block 

diagram Near far 

problem Power 

control 

Features of CDMA 

•   Frequency reuse 

•   Soft capacity 

•   Multipath fading 

•   Data Rate 

•   Soft Handoff 

•   Self Jamming 

•   Flexibility 

 
4.  Define Handoff and explain its types in detail 

 
Handoffs 

• When a user/call moves to a new cell, then a new base station and new channel 
should be assigned (handoff) 

• Handoffs should be transparent to users, while their number should be kept to 

minimum 
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• A threshold in the received power (Pr, handoff) should be determined to trigger the 

handoff process. This threshold value should be larger than the minimum acceptable 

received power (Pr, acceptable) 

• Define: Δ=Pr,handoff - Pr,acceptable 

– If Δ is large then too many handoffs 

– If Δ is small then insufficient time to complete a handoff 

• In order to correctly determine the beginning of handoff, we need to determine that a 

drop  in  the  signal  strength  is  not  due  to  the  momentary  (temporary)  bad  channel 

condition, but it is due to the fact that the mobile is moving away from BS. 

• Thus the BS needs to monitor the signal level for a certain period of time before 

initiating a handoff. The length of the time (running average measurements of signal) and 

handoff process depends on speed and moving pattern. 

• First generation systems typical time interval to make a handoff was 10 seconds (large 

Δ). Second generations and after typical time interval to make a handoff is 1-2 seconds 

(small Δ). 

• First generation systems: handoff decision was made by BS by measuring the signal 

strength in reverse channels. 

• Second generation and after: Mobile Assisted Hand-Off (MAHO). 

Mobiles measure the signal strength from different neighboring BSs. Handoff is initiated 

if the signal strength from a neighboring BS is higher than the current BS’s signal 

strength. 

 
Cell Dwell Time 
• It is the time over which a call maybe maintained within a cell (without handoff). 
• It depends on: propagation, interference, distance between BS and MS, speed and 

moving pattern (direction), etc. 

• Highway moving pattern: the cell dwell time is ar.v. with distribution highly 

concentrated around the mean. 

• Other micro-cell moving patterns mix of different user types with large variations of 

dwell time (around the mean). 

Prioritizing Handoffs 
• Guard Channels: Fraction of total bandwidth in a cell is reserved for exclusive use of 
handoff calls. Therefore, total carried traffic is reduced if fixed channel assignment is 

used. However, if dynamic channel assignment is used the guard channel mechanisms 

may offer efficient spectrum utilization. 

– Number of channels to be reserved: If it is low (under-reservation) the QoS on handoff 

call blocking probability can not be met. If reservation is high (over-reservation) may 

result in waste of resources and rejection of large number of new calls. 

– Static and Dynamic schemes: Advantage of static scheme is its simplicity since no 

communication and computation overheads are involved. However problems of under- 

reservation and over reservations may occur if traffic does not conform to prior 

knowledge. Dynamic schemes may adjust better to changing traffic conditions. 

 
Prioritizing Handoffs 
• Queuing Handoffs: The objective is to decrease the probability of forced determination 
of a call due to lack of available channels. When a handoff call (and in some schemes a 
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new call) can not be granted the required resources at the time of its arrival, the request is 

put in a queue waiting for its admitting conditions to be met. 

– This is achieved because there is a finite time interval between the time that the signal 

of a call drops below the handoff threshold, and the time that the call is terminated due to 

low (unacceptable) signal level. Queuing and size of buffer depends on traffic and QoS. 

Queueing in wireless systems is possible because signaling is done on separate control 

channels (without affecting the data transmission channels). 

• According to the types of calls that are queued, queuing priority schemes are classified 

as: handoff call queuing, new call queuing and handoff/new call queuing (handoff calls 

are given non-preemptive priority over new calls). 

 
Practical Issues (Capacity/Handoff) 
• To increase capacity, use more cells (add extra sites). 
• Using different antenna heights and powers, we can provide “large” and “small” cells 

co-located at a signal location (it is used especially to handle high speed users and low 

speed users simultaneously. 

• Reuse partitioning (use of different reuse patterns) 

• Cell splitting: Change cell radius R and keep co-channel reuse ratio (D/R) unchanged. If 

R’=R/2 than the transmit power needs to be changed by (1/2)4 = 1/16. 

• Another way is to keep cell radius R unchanged and decrease D/R ratio required (that is 

decrease the number of cells in a cluster). To do this it is required to decrease interference 

without decreasing transmit power. 

• Sectoring: Use directional antennas (instead of omni-directional) and therefore you 

receive interference from only a fraction of the neighboring cells. 

• Hard handoffs vs. soft handoffs: more than one BSs handle the call during handoff 

phase (used in CDMA systems) 

 
5.  Explain Satellite Communication in detail. 

Satellites are specifically made for telecommunication purpose. They are used for 

mobile  applications  such  as  communication  to  ships,  vehicles,  planes,  hand-held 

terminals and for TV and radio broadcasting They are responsible for providing these 

services to an assigned region (area) on the earth. The power and bandwidth of these 

satellites depend upon the preferred size of the footprint, complexity of the traffic control 

protocol schemes and the cost of ground stations. 

 
A satellite works most efficiently when the transmissions are focused with a desired area. 

When the area is focused, then the emissions don‟t go outside that designated area and 

thus minimizing the interference to the other systems. This leads more efficient spectrum 

usage. 

 
Satellite’s antenna patterns play an important role and must be designed to best cover the 

designated geographical area (which is generally irregular in shape). Satellites should be 

designed by keeping in mind its usability for short and long term effects throughout its 

life time. 
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The earth station should be in a position to control the satellite if it drifts from its orbit it 

is subjected to any kind of drag from the external forces. 

 
Kepler’s laws: 

 
Kepler’s first law 

 
A satellite will orbit a primary body following an elliptical path 

 
Kepler’s second law 

 
For equal intervals of time a satellite will sweep out equal areas in orbital plane 

 
Kepler’s third law 

 
The square of the periodic time of orbit is proportional to the cube of the mean distance 

between the primary and the satellite 
 

TYPES OF SATELLITES (BASED ON ORBITS) 

Geostationary or geosynchronous earth orbit (GEO) 
GEO satellites are synchronous with respect to earth. Looking from a fixed point 

from Earth, these satellites appear to be stationary. These satellites are placed in the space 

in such a way that only three satellites are sufficient to provide connection throughout the 

surface of the Earth (that is; their footprint is covering almost 1/3rd of the Earth). The 

orbit of these satellites is circular. 

 
There are three conditions which lead to geostationary satellites. Lifetime expectancy of 

these satellites is 15 years. 

1) The satellite should be placed 37,786 kms (approximated to 36,000 kms) above the 

surface of the earth. 

2) These satellites must travel in the rotational speed of earth, and in the direction of 

motion of earth, that is eastward. 

3) The inclination of satellite with respect to earth must be 00. 

Geostationary satellite in practical is termed as geosynchronous as there are multiple 

factors which make these satellites shift from the ideal geostationary condition. 

 
1) Gravitational pull of sun and moon makes these satellites deviate from their orbit. 

Over the period of time, they go through a drag. (Earth‟s gravitational force has no effect 

on these satellites due to their distance from the surface of the Earth.) 

2) These satellites experience the centrifugal force due to the rotation of Earth, making 

them deviate from their orbit. 

3) The non-circular shape of the earth leads to continuous adjustment of speed of satellite 

from the earth station. 

 
These satellites are used for TV and radio broadcast, weather forecast and also, these 

satellites are operating as backbones for the telephone networks. 
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Disadvantages of GEO: Northern or southern regions of the Earth (poles) have more 

problems receiving these satellites due to the low elevation above a latitude of 60°, i.e., 

larger antennas are needed in this case. Shading of the signals is seen in cities due to high 

buildings and the low elevation further away from the equator limit transmission quality. 

The transmit power needed is relatively high which causes problems for battery powered 

devices. These satellites cannot be used for small mobile phones. The biggest problem for 

voice and also data communication is the high latency as without having any handovers, 

the signal has to at least travel 72,000 kms. Due to the large footprint, either frequencies 

cannot be reused or the GEO satellite needs special antennas focusing on a smaller 

footprint. Transferring a GEO into orbit is very expensive. 

 
Low Earth Orbit (LEO) satellites: 

These satellites are placed 500-1500 kms above the surface of the earth. As LEOs 
circulate on a lower orbit, hence they exhibit a much shorter period that is 95 to 120 

minutes. LEO systems try to ensure a high elevation for every spot on earth to provide a 

high quality communication link. Each LEO satellite will only be visible from the earth 

for around ten minutes. 

 
Using advanced compression schemes, transmission rates of about 2,400 bit/s can 

be enough for voice communication. LEOs even provide this bandwidth for mobile 

terminals with Omni-directional antennas using low transmit power in the range of 1W. 

The delay for packets delivered via a LEO is relatively low (approx 10 ms). The delay is 

comparable to long-distance wired connections (about 5–10 ms). Smaller footprints of 

LEOs allow for better frequency reuse, similar to the concepts used for cellular networks. 

LEOs  can  provide  a  much  higher  elevation  in  Polar  Regions  and  so  better  global 

coverage. 

These satellites are mainly used in remote sensing an providing mobile communication 

services (due to lower latency). 

 
Disadvantages: The biggest problem of the LEO concept is the need for many satellites if 

global coverage is to be reached. Several concepts involve 50–200 or even more satellites 

in orbit. The short time of visibility with a high elevation requires additional mechanisms 

for connection handover between different satellites. The high number of satellites 

combined with the fast movements resulting in a high complexity of the whole satellite 

system. One general problem of LEOs is the short lifetime of about five to eight years 

due to atmospheric drag and radiation from the inner Van Allen belt1. Assuming 48 

satellites and a lifetime of eight years, a new satellite would be needed every two months. 

The low latency via a single LEO is only half of the story. Other factors    are   the   need 

for routing of data packets from satellite to if a user wants to communicate around the 

world. Due to the large footprint, a GEO typically does not need this type of routing, as 

senders and receivers are most likely in the same footprint. 

 
Medium Earth Orbit (MEO) satellites: 

MEOs can be positioned somewhere between LEOs and GEOs, both in terms of 
their orbit and due to their advantages and disadvantages. Using orbits around 10,000 km, 

the system only requires a dozen satellites which is more than a GEO system, but much 
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less than a LEO system. These satellites move more slowly relative to the earth‟s rotation 

allowing a simpler system design (satellite periods are about six hours). Depending on the 

inclination, a MEO can cover larger populations, so requiring fewer handovers. 

 
Disadvantages: Again, due to the larger distance to the earth, delay increases to about 70– 

80  ms.  the  satellites  need  higher  transmit  power  and  special  antennas  for  smaller 

footprints 

 
Links in satellite communication 

 
Uplink 

Downlink 

Crosslink 
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