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Lesson Plan for Introduction to Unit I - Wireless Communication 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 1 / 11 

 

1.CONTENT LIST: 

Introduction to Unit I - Wireless Communication 

 

2. SKILLS ADDRESSED: 

Listening 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To facilitate students understand mobile communication. 

 

4.OUTCOMES: 

i. Explain the concept of communication   

ii. Illustrate the different means of communication and its applications 

 

5.LINK SHEET: 

 What is communication? 

 

6.EVOCATION: (5 Minutes) 
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Lecture Notes:  

Mobile Communication 

Communication is a two-way transmission and reception of data streams. Signals for Voice, data, 

or multimedia streams are transmitted. Signals are received by a receiver. 

Signals from a system transmit through a fiber, wire, or wireless medium, according to defined 

regulations, recommended standards and protocols. 

Mobile Communication entails transmission of data to and from handheld devices. Two or 

more communicating devices at least one is handheld or mobile. Location of the device can vary 

either locally or globally. Communication takes place through a wireless, distributed, or 

diversified network. 

 

Guided Transmission 

Metal wires and optical fibers are guided or wired transmission of data. Guided transmission of 

electrical signals takes place using four types of cables are  

1. Optical fiber for pulses of wavelength 1.35–1.5 μm 

2. Coaxial cable for electrical signals of frequencies up to 500 MHz and up to a range of about 

40 m.  

3. Twisted wire pairs ─ for conventional (without coding) electrical signals of up to 100 KHz 

and up to a range of 2 km, or for coded signals of frequencies up to 200 MHz and a range of 

about 100 m. 

4. Power lines, a relatively recent advent in communication technology─ used for long range 

transmission of frequencies between 10 kHz and 525 kHz. 
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Guided Transmission Advantages 

Here the transmission is along a directed path from one point to another. There is practically no 

interference in transmission from any external source or path. Using multiplexing and coding, a 

large number of signal-sources simultaneously transmitted along an optical fiber, a coaxial cable, 

or a twisted-pair cable. 

 

Guided Transmission Disadvantages 

Signal transmitter and receiver are fixed (immobile). Hence there is no mobility of transmission 

and reception points. The number of transmitter and receiver systems limits the total number of 

interconnections possible. 

 

Unguided─ Wireless Transmission 

Electrical signals transmitted by converting them into electromagnetic radiation. Radiation 

transmitted via antennae that radiate electromagnetic signals. The electromagnetic radiation are 

related by the classical formula f = c/λ = (300/ λ) MHz [λ in meter]. 

The frequencies and wavelengths of transmitters for various ranges are as follows: 

 Long-wavelength radio, very low frequency (LW): 30 kHz to 1 MHz (10,000 to 300m) 

 Medium-wavelength radio, medium frequency (MW): 0.5 to 2 MHz (600 to 150m) 

 Short-wavelength radio, high frequency (SW): 6 to 30 MHz (50 to 10m) 

 FM Radio band frequency (FM): 87.5 to 108 MHz (3.4 to 2.8m) 

 Very high frequency (VHF): 50 to 250 MHz (6 to 1.2m) 

 Ultra high frequency (UHF): 200 to ~2000MHz (1.5 to 0.15m) 

 Super high microwave frequency (SHF): 2 to 40 GHz (~15 to 0.75cm) 

 Extreme High frequency (EHF): Above 40 GHz to 1014 Hz (0.75cm to 3 μm) 

 Far Infrared: Optical wavelengths between 1.0 μm to 2.0 μm and [(1.5 to 3) X 1014 Hz 

(0.15-0.3 THz)] 

 Infrared: 0.90 μm to 0.85 μm in wavelength and ~(3.3 to 3.5) X 1014Hz [350 to 330 THz]. 

 Visible Light: 0.70 μm to 0.40 μm in wavelength and ~ (4.3 to 7.5) X 1014 Hz (~430 to 750 

THZ). 

 Ultraviolet: <0.40 μm in wavelength (>750 THz). 

 

Antennae 

Antennae are devices that transmit and receive electromagnetic signals. Most function efficiently 

for relatively narrow frequency ranges. If not properly tuned to the frequency band in which the 

transmitting system connected to it operates, the transmitted or received signals may be 

impaired. The forms of antennae are chiefly determined by the frequency ranges they operate in 

and can vary from a single piece of wire to a parabolic dish. 

 

 

Advantages and Disadvantages of VHF and UHF 

The Advantages and Disadvantages of VHF and UHF are listed below. 
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Lesson Plan for Cellular systems 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 2 / 11 

 

1.CONTENT LIST: 

Cellular systems- Frequency Management and Channel Assignment 

 

2. SKILLS ADDRESSED: 

Understanding, Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To facilitate students understand about Cellular systems 

 

4.OUTCOMES: 

iii. Explain the concept of cellular systems 

iv. Describe about frequency management and channel assignment 

 

5.LINK SHEET: 

 What is communication? 

 

6.EVOCATION: (5 Minutes) 
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Lecture Notes: 

How a Mobile Call is actually made? 

In order to know how a mobile call is made, we should first look into the basics of 

cellular concept and main operational channels involved in making a call. These are given below. 

Cellular Concept 

Cellular telephone systems must accommodate a large number of users over a large geographic 

area with limited frequency spectrum, i.e., with limited number of channels. If a single 

transmitter/ receiver is used with only a single base station, then sufficient amount of power may 

not be present at a huge distance from the BS. For a large geographic coverage area, a high 

powered transmitter therefore has to be used. But a high power radio transmitter causes harm to 

environment. Mobile communication thus calls for replacing the high power transmitters by low 

power transmitters by dividing the coverage area into small segments, called cells. Each cell uses 

a certain number of the available channels and a group of adjacent cells together use all the 

available channels. Such a group is called a cluster. This cluster can repeat itself and hence the 

same set of channels can be used again and again. Each cell has a low power transmitter with a 

coverage area equal to the area of the cell. This technique of substituting a single high powered 

transmitter by several low powered transmitters to support many users is the backbone of the 

cellular concept.  

 

Operational Channels 

In each cell, there are four types of channels that take active part during a mobile call. These are: 
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(i) Forward Voice Channel (FVC): This channel is used for the voice transmission from 

the BS to the MS. 

(ii) Reverse Voice Channel (RVC): This is used for the voice transmission from the MS 

to the BS. 

(iii) Forward Control Channel (FCC): Control channels are generally used for controlling 

the activity of the call, i.e., they are used for setting up calls and to divert the call to 

unused voice channels. Hence these are also called setup channels. These channels 

transmit and receive call initiation and service request messages. The FCC is used for 

control signaling purpose from the BS to MS. 

(iv) Reverse Control Channel (RCC): This is used for the call control purpose from the 

MS to the BS. Control channels are usually monitored by mobiles. 

 

Cellular systems for mobile communications implement SDM. Each transmitter, typically 

called a base station, covers a certain area, a cell. Cell radii can vary from tens of meters in 

buildings, and hundreds of meters in cities, up to tens of kilometers in the countryside. The 

shapes of cells are never perfect circles or hexagons as shown in figure. But depend on the 

environment (buildings, mountains, valleys etc.), on weather conditions, and sometimes even on 

system load. Typical systems using this approach are mobile telecommunication systems where a 

mobile station within the cell around a base station communicates with this base station and vice 

versa 

 
 

To avoid interference, different transmitters within each other‟s interference range use 

FDM. If FDM is combined with TDM the hopping pattern has to be coordinated. The general 

goal is never to use the same frequency at the same time within the interference range (if CDM is 

not applied). Two possible models to create cell patterns with minimal interference are shown in 

Figure .Cells are combined in clusters - on the left side three cells form a cluster, on the right 

side seven cells form a cluster. All cells within a cluster use disjointed sets of frequencies. On the 

left side, one cell in the cluster uses set f1, another cell f2, and the third cell f3. In real-life 

transmission, the pattern will look somewhat different. The hexagonal pattern is chosen as a 

simple way of illustrating the model. This pattern also shows the repetition of the same 

frequency sets. The transmission power of a sender has to be limited to avoid interference with 

the next cell using the same frequencies.  
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To reduce interference even further (and under certain traffic conditions, i.e., number of users per 

km2) sectorized antennas can be used. The Figure shows the use of three sectors per cell in a 

cluster with three cells. Typically, it makes sense to use sectorized antennas instead of omni-

directional antennas for larger cell radii. The fixed assignment of frequencies to cell clusters and 

cells respectively, is not very efficient if traffic load varies. For instance, in the case of a heavy 

load in one cell and a light load in a neighboring cell, it could make sense to borrow‟ 

frequencies.  

Cells with more traffic are dynamically allotted more frequencies. This scheme is known as 

borrowing channel allocation (BCA), while the first fixed scheme is called fixed channel 

allocation (FCA). FCA is used in the GSM system as it is much simpler to use, but it requires 

careful traffic analysis before installation. A dynamic channel allocation (DCA) scheme has been 

implemented in DECT In this scheme, frequencies can only be borrowed, but it is also possible 

to freely assign frequencies to cells. With dynamic assignment of frequencies to cells, the danger 

of interference with cells using the same frequency exists. The „borrowed‟ frequency can be 

blocked in the surrounding cells Cellular systems using CDM instead of FDM do not need such 

elaborate channel allocation schemes and complex frequency planning. Here, users are separated 

through the code they use, not through the frequency. Cell planning faces another problem - the 

cell size depends on the current load. Accordingly, CDM cells are commonly said to „breathe‟. 

While a cell can cover larger area under a light load, it shrinks if the load increases. The reason 

for this is the growing noise level if more users are in a cell. (Remember, if you do not know the 

code, other signals appear as noise, i.e., more and more people join the party.) The higher the 

noise, the higher the path loss and the higher the transmission errors. Finally, mobile stations 

further away from the base station drop out of the cell. (This is similar to trying to talk to 

someone far away at crowded party.) 

In a real-life scenario this additional user could request a video stream (high bit rate) while the 

others use standard voice communication (low bit rate). 
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Lesson Plan for Types of handoff  and their characteristics 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 3/ 11 

 

1.CONTENT LIST: 

Types of handoff and their characteristics 

2. SKILLS ADDRESSED: 

Learning, Understanding 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To make students understand about handoff  and their characteristics 

 

4.OUTCOMES: 

(i) Explain the concept of handoff   

(ii) Describe about frequency management and channel assignment 

 

5.LINK SHEET: 

(i) What is handoff? 

(ii) Discuss in detail the concept of characteristics of mobile communication 

 

6.EVOCATION: (5 Minutes) 
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Hard handover: This handover type is already known from GSM and other TDMA/FDMA 

systems. Switching between different antennas or different systems is performed at a certain 

point in time. UTRA TDD can only use this type. Switching between TDD cells is done between 

the slots of different frames. Inter frequency handover, i.e., changing the carrier frequency, is a 

hard handover. Receiving data at different frequencies at the same time requires a more complex 

receiver compared to receiving data from different sources at the same carrier frequency. 

Typically, all inter system handovers are hard handovers in UMTS. This includes handovers to 

and from GSM or other IMT-2000 systems. A special type of handover is the handover to a 

satellite system (inter-segment handover), which is also a hard handover, as different frequencies 

are used. However, it is unclear what technology will be used for satellite links if it will ever 

come. To enable a UE to listen into GSM or other frequency bands, UMTS specifies a 

compressed mode transmission for UTRA FDD. During this mode a UE stops all transmission. 

To avoid data loss, either the spreading factor can be lowered before and after the break in 

transmission (i.e., more data can be sent in shorter time) or less data is sent using different 

coding schemes. 

● Soft handover: This is the real new mechanism in UMTS compared to GSM and is only 

available in the FDD mode. Soft handovers are well known from traditional CDMA networks as 

they use macro diversity, a basic property of CDMA. As shown in Figure 4.33, a UE can receive 

signals from up to three different antennas, which may belong to different node Bs. Towards the 

UE the RNC splits the data stream and forwards it to the node Bs. The UE combines the received 

data again. In the other direction, the UE simply sends its data which is then received by all node 

Bs involved. The RNC combines the data streams received from the node Bs. The fact that a UE 

receives data from different antennas at the same time makes a handover soft. Moving from one 

cell to another is a smooth, not an abrupt process. 
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Lesson Plan for dropped call rates & their evaluation 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 4/ 11 

 

1.CONTENT LIST: 

Dropped call rates & their evaluation  

 

2. SKILLS ADDRESSED: 

Learning, Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

To make students know about Dropped cell rates  and its evaluation 

 

4.OUTCOMES: 

(i) Explain the concept of Dropped cell rates 

(ii) Evaluate dropped cell rates with example 

 

5.LINK SHEET: 

(i) What is Dropped cell rate? 

(ii) Discuss in detail the concept of dropped cell rates 

 

6.EVOCATION:  

 

Lecture Notes: 

 When a mobile is idle, i.e., it is not experiencing the process of a call, then it searches all 

the FCCs to determine the one with the highest signal strength. The mobile then monitors this 

particular FCC. However, when the signal strength falls below a particular threshold that is 

insufficient for a call to take place, the mobile again searches all the FCCs for the one with 

the highest signal strength. For a particular country or continent, the control channels will be 

the same. So all mobiles in that country or continent will search among the same set of 

control channels. However, when mobile moves to a different country or continent, then the 

control channels for that particular location will be different and hence the mobile will not 

work. Each mobile has a mobile identification number (MIN). When a user wants to make a 

call, he sends a call request to the MSC on the reverse control channel. He also sends the 

MIN of the person to whom the call has to be made. The MSC then sends this MIN to all the 
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base stations. The base station transmits this MIN and all the mobiles within the coverage 

area of that base station receive the MIN and match it with their own. If the MIN matches 

with a particular MS, that mobile sends an acknowledgment to the BS. The BS then informs 

the MSC that the mobile is within  its coverage area. The MSC then instructs the base station 

to access specific unused voice channel pair. The base station then sends a message to the 

mobile to move to the particular channels and it also sends a signal to the mobile for ringing. 

In order to maintain the quality of the call, the MSC adjusts the transmitted power of the 

mobile which is usually expressed in dB or dBm. When a mobile moves from the coverage 

area of one base station to the coverage area of another base station i.e., from one cell to 

another cell, then the signal strength of the initial base station may not be sufficient to 

continue the call in progress. So the call has to be transferred to the other base station. This is 

called handoff. In such cases, in order to maintain the call, the MSC transfers the call to one 

of the unused voice channels of the new base station or it transfers the control of the current 

voice channels to the new base station.  

 

Propagation in free space always like light (straight line) 

Receiving power proportional to 1/d² in vacuum – much more in real environments 

(d = distance between sender and receiver) 

Receiving power additionally influenced by 

 fading (frequency dependent) 

 shadowing 

 reflection at large obstacles 

 refraction depending on the density of a medium 

 scattering at small obstacles 

 diffraction at edges 

 

 physical representation of data 

 function of time and location 

 signal parameters: parameters representing the value of data  

 classification 

 continuous time/discrete time 

 continuous values/discrete values 

 analog signal = continuous time and continuous values 

 digital signal = discrete time and discrete values 

 signal parameters of periodic signals:  

period T, frequency f=1/T, amplitude A, phase shift   

 sine wave as special periodic signal for a carrier: 

 

 s(t) = At sin(2  ft t + t) 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



 

SRI VIDYA COLLEGE OF ENGINEERING AND 

TECHNOLOGY, VIRUDHUNAGAR 

Department of Information Technology 
 

Class IV Year (07 Semester) 

Subject Code  IT2402 

Subject Mobile Communication 

Prepared By T. Thivya 

Lesson Plan for MAC – SDMA – FDMA 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 5, 6 / 11 

 

1.CONTENT LIST: 

MAC – SDMA – FDMA  

 

2. SKILLS ADDRESSED: 

Learning, Understanding 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To make students understand the detail concept of MAC and SDMA 

 

4.OUTCOMES: 

(i) Explain the concept of MAC 

(ii) Evaluate SDMA with illustration 

 

5.LINK SHEET: 

(i) What is MAC 

(ii) Discuss in detail the concept of SDMA and its characteristics 

 

6.EVOCATION: (5 Minutes) 
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Multi-path Propagation 

 Signal can take many different paths between sender and receiver due to Reflection, 

scattering, and diffraction 

 Time dispersion: signal is dispersed over time 

 Interference with “neighbor” symbols, Inter Symbol Interference (ISI) 

 The signal reaches a receiver directly and phase shifted 

 Distorted signal depending on the phases of the different parts 

 
 

Modulation of wireless signals: 

The Sizes of antennae required for wireless transmission inversely proportional to the 

frequencies. Voice signals frequencies between 0.1 kHz to 8 kHz and Music-signal frequencies 

lie between 0.1 kHz to 16 kHz. These ranges are unsuitable for any kind of wireless 

transmission. This is due to the requirement of abnormally large sized antennae as well as much 

less radiated energy. Moreover, due to the signal properties medium (air or vacuum) such that 

ultra low frequency signals cannot be transmitted across long distances. 

 

Modulation: 

 The process of varying one signal, called carrier, according to the pattern provided by 

another signal (modulating signal) 

 The carrier usually an analog signal selected to match the characteristics of a particular 

transmission system. 

 The amplitude, frequency, or phase angle of a carrier wave is varied in proportion to the 

variation in the amplitude variation of the modulating wave (message signal). 

 Makes wireless transmission practical 

 Increases the compatibility of transmitted signal and transmission medium 

 

The Modulation of the voice or data signal is a technique by which fc or a set of carrier 

frequencies used for wireless transmission such that peak amplitude, sc0, frequency, fc, Phase 

angle varies with t in proportion to the peak amplitude of the modulating signal s(t). The 

modulation is called Amplitude modulation (AM) if amplitude of carrier varied or Frequency 

modulation (FM) if frequency varied or Phase modulation if phase angle varied. 
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Multiplexing is not only a fundamental mechanism in communication systems but also in 

everyday life. Multiplexing describes how several users can share a medium with minimum or 

no interference. One example is highways with several lanes. Many users (car drivers) use the 

same medium (the highways) with hopefully no interference (i.e., accidents). This is possible due 

to the provision of several lanes (space division multiplexing) separating the traffic. 

 

Space division multiplexing 

For wireless communication, multiplexing can be carried out in four dimensions: space, time, 

frequency, and code. In this field, the task of multiplexing is to assign space, time, frequency, 

and code to each communication channel with a minimum of interference and a maximum of 

medium utilization. The term communication channel here only refers to an association of 

sender(s) and receiver(s) who want to exchange data. 

This system shows the dimensions of code c, time t and frequency f. For this first type of 

multiplexing, space division multiplexing (SDM), the (three dimensional) space si is also 

shown.  

 
 

Frequency division multiplexing 

Frequency division multiplexing (FDM) describes schemes to subdivide the frequency 

dimension into several non-overlapping frequency bands. Each channel ki is now allotted its own 
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frequency band as indicated. Senders using a certain frequency band can use this band 

continuously. Again, guard spaces are needed to avoid frequency band overlapping (also called 

adjacent channel interference). This scheme is used for radio stations within the same region, 

where each radio station has its own frequency. This very simple multiplexing scheme does not 

need complex coordination between sender and receiver: the receiver only has to tune in to the 

specific sender. 

 

 
 

 
 

However, this scheme also has disadvantages. While radio stations broadcast 24 hours a day, 

mobile communication typically takes place for only a few minutes at a time. Assigning a 

separate frequency for each possible communication scenario would be a tremendous waste of 

(scarce) frequency resources. Additionally, the fixed assignment of a frequency to a sender 

makes the scheme very inflexible and limits the number of senders. 
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Lesson Plan for TDMA - CDMA 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 7/ 11 

 

1.CONTENT LIST: 

TDMA – CDMA  

 

2. SKILLS ADDRESSED: 

Learning, Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To make students understand the detail concept of TDMA and CDMA 

 

4.OUTCOMES: 

(i) Explain the concept of TDMA 

(ii) Evaluate CDMA with illustration 

 

5.LINK SHEET: 

(i) What is TDMA 

(ii) Discuss in detail the concept of CDMA and its characteristics 

 

6.EVOCATION: (5 Minutes) 
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Time division multiplexing 

A more flexible multiplexing scheme for typical mobile communications is time division 

multiplexing (TDM). Here a channel ki is given the whole bandwidth for a certain amount of 

time, i.e., all senders use the same frequency but at different points in time. Again, guard 

spaces, which now represent time gaps, have to separate the different periods when the senders 

use the medium. In our highway example, this would refer to the gap between two cars. If two 

transmissions overlap in time, this is called co-channel interference. To avoid this type of 

interference, precise synchronization between different senders is necessary. This is clearly a 

disadvantage, as all senders need precise clocks or, alternatively, a way has to be found to 

distribute a synchronization signal to all senders. For a receiver tuning in to a sender this does 

not just involve adjusting the frequency, but involves listening at exactly the right point in time. 

However, this scheme is quite flexible as one can assign more sending time to senders with a 

heavy load and less to those with a light load. 

 

 
 

Frequency and time division multiplexing can be combined, i.e., a channel ki can use a certain 

frequency band for a certain amount of time as shown in figure 1.8. Now guard spaces are 

needed both in the time and in the frequency dimension. This scheme is more robust against 

frequency selective interference, i.e., interference in a certain small frequency band. A channel 

may use this band only for a short period of time. Additionally, this scheme provides some 

(weak) protection against tapping, as in this case the sequence of frequencies a sender must be 

known to listen in to a channel. The mobile phone standard GSM uses this combination of 

frequency and time division multiplexing for transmission between a mobile phone and a so-

called base station.  

 

A disadvantage of this scheme is again the necessary coordination between different senders. 

One has to control the sequence of frequencies and the time of changing to another frequency. 

Two senders will interfere as soon as they select the same frequency at the same time. However, 

if the frequency change (also called frequency hopping) is fast enough, the periods of 

interference may be so small that, depending on the coding of data into signals, a receiver can 

still recover the original data. 
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Code division multiplexing (CDM) 

Code division multiplexing is by using a wide range of frequencies, called spread spectrum. 

Spread spectrum has distinct set of equally separated frequencies. Different source transmitting 

signals along identical path in the same time slices transmits using spread spectrum frequencies 

using distinct codes. 

 
 

Figure shows how all channels ki use the same frequency at the same time for transmission. 

Separation is now achieved by assigning each channel its own „code‟, guard spaces are realized 

by using codes with the necessary „distance‟ in code space, e.g., orthogonal codes. The typical 

everyday example of CDM is a party with many participants from different countries around the 

world, who establish communication channels, i.e., they talk to each other, using the same 

frequency range at the same time. If everybody speaks the same language, SDM is needed to be 

able to communicate. But as soon as another code, i.e., another language, is used, one can tune in 

to this language and clearly separate communication in this language from all the other 

languages. 

 

The main advantage of CDM for wireless transmission is that it gives good protection against 

interference and tapping. Different codes have to be assigned, but code space is huge compared 

to the frequency space. 

The main disadvantage of this scheme is the relatively high complexity of the receiver. 

 

A receiver has to know the code and must separate the channel with user data from the 

background noise composed of other signals and environmental noise. Additionally, a receiver 

must be precisely synchronized with the transmitter to apply the decoding correctly. The voice 

example also gives a hint to another problem of CDM receivers. All signals should reach a 

receiver with almost equal strength; otherwise some signals could drain others. 
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Lesson Plan for Cellular Wireless Networks 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 8,9,10/ 11 

 

1.CONTENT LIST: 

Cellular Wireless Networks  

 

2. SKILLS ADDRESSED: 

Learning 

Analyzing 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To make students understand the detail concept of Cellular wireless networks 

 

4.OUTCOMES: 

(i) Explain the concept of SDMA in cellular wireless networks 

(ii) Evaluate TDMA and CDMA in cellular wireless networks 

 

5.LINK SHEET: 

(i) What is TDMA and FDMA 

(ii) Discuss in detail the concept of CDMA and its characteristics 

 

6.EVOCATION: (5 Minutes) 
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Lecture Notes: 

Digital modulation 

 digital data is translated into an analog signal (baseband) 

 ASK, FSK, PSK - main focus in this chapter 

 differences in spectral efficiency, power efficiency, robustness 

Analog modulation 

 shifts center frequency of baseband signal up to the radio carrier 

Motivation 

 smaller antennas (e.g., /4) 

 Frequency Division Multiplexing 

 medium characteristics 

Basic schemes 

 Amplitude Modulation (AM) 

 Frequency Modulation (FM) 

 Phase Modulation (PM) 

 
Modulation of digital signals known as Shift Keying 

Amplitude Shift Keying (ASK): 

 very simple 

 low bandwidth requirements 

 very susceptible to interference 

Frequency Shift Keying (FSK): 

 needs larger bandwidth 

Phase Shift Keying (PSK): 

 more complex 

 robust against interference 
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Amplitude Shift Keying  

 

Frequency Shift Keying  

 

 

Phase Shift Keying  

 

Spread spectrum technology 

 

Problem of radio transmission: frequency dependent fading can wipe out narrow band 

signals for duration of the interference 

Solution: spread the narrow band signal into a broad band signal using a special code 

protection against narrow band interference protection against narrowband interference  

Side effects: 

 coexistence of several signals without dynamic coordination 

 tap-proof 

Alternatives: Direct Sequence, Frequency Hopping 
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Effects of spreading and interference 

 
 

Spreading and frequency selective fading 

 

 
 

DSSS (Direct Sequence Spread Spectrum)  

XOR of the signal with pseudo-random number (chipping sequence) 

 many chips per bit (e.g., 128) result in higher bandwidth of the signal 

 

Advantages 

 reduces frequency selective fading 
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 in cellular networks  

 base stations can use the same frequency range 

 several base stations can detect and recover the signal 

 soft handover 

Disadvantages 

 precise power control necessary 

 
 

 
 

FHSS (Frequency Hopping Spread Spectrum)  

 

Discrete changes of carrier frequency 

 sequence of frequency changes determined via pseudo random number sequence 
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Two versions 

 Fast Hopping:  

several frequencies per user bit 

 Slow Hopping:  

several user bits per frequency 

Advantages 

 frequency selective fading and interference limited to short period 

 simple implementation 

 uses only small portion of spectrum at any time 

Disadvantages 

 not as robust as DSSS 

 simpler to detect 

 

 
 

FHSS (Frequency Hopping Spread Spectrum)  
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Subject Mobile Communication 

Prepared By T. Thivya 

Lesson Plan for Introduction to Unit II - Wireless Networks 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 1 / 10 

 

1. CONTENT LIST: 

  Introduction to Unit II - Wireless Networks 

 

2. SKILLS ADDRESSED: 

   Listening 

 

3.  OBJECTIVE OF THIS LESSON PLAN: 

    To facilitate students understand Wireless Networks. 

 

4. OUTCOMES: 

i. Explain the concept of communication   

ii. Explain about networks 

 

5. LINK SHEET: 

    What does the term wireless mean? 

 

6. EVOCATION: (5 Minutes) 
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Lecture Notes: 

 

Characteristics of Wireless LANs 

 

� Advantages: 

– Very flexible within the reception area 

– Ad-hoc networks without previous planning possible 

– (Almost) no wiring difficulties: 

• E.g., historic buildings, firewalls 

– More robust against disasters like: 

• E.g., earthquakes, fire - or users pulling a plug 

– Quite cheap networking infrastructures possible 

� Drawbacks: 

– Typically very low bandwidth compared to wired networks: 1-10 Mbit/s and error rates of 

about 10-4 instead of 10-12 

– Many proprietary solutions, especially for higher bit-rates: 

• Standards take their time, e.g., IEEE 802.11 

– Products have to follow many national restrictions if working wireless: 

• It takes a vary long time to establish global solutions like, e.g., IMT-2000 

– Lack of security, “open” air interface, War Driving 

 

Design Goals for Wireless LANs 

� Global, seamless operation 

� Low power for battery use 

� No special permissions or licenses needed to use the LAN 

� Robust transmission technology 

� Simplified spontaneous co-operation at meetings 

� Easy to use for everyone, simple management 

� Protection of investment in wired networks 

� Security: 

– No one should be able to read my data 

� Privacy: 

– No one should be able to collect user profiles 

� Safety, low radiation 

� Transparency concerning applications and higher layer 

protocols, but also location awareness if necessary 

Comparison: Infrared vs. Radio Transmission 

Infrared: 

– Uses IR diodes, multiple reflections, diffuse light, e.g., walls or furniture 

� Advantages: 

– Simple, cheap, available in many mobile devices 

– No licenses needed 
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– Simple shielding possible 

� Drawbacks: 

– Interference by sunlight, heat sources 

– Many things shield/absorb IR light, LoS 

– Low bandwidth (115 kbit/s … 4 Mbit/s) 

� Example: 

– IrDA (Infrared Data Association) interface available everywhere at 900 nm wave length 

 

Radio: 

– Typically using the license free ISM band at 2.4 GHz 

� Advantages: 

– Experience from wireless WAN and mobile phones can be used 

– coverage of larger areas possible, 

e.g., radio can penetrate walls, furniture 

� Drawbacks: 

– Very limited license free frequency bands 

– Shielding more difficult, interference with other electrical devices 

� Examples: 

– WaveLAN, HIPERLAN, Bluetooth 
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Department of Information Technology 
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Lesson Plan for IEEE 802.11 Standards - Architecture 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 2, 3 / 10 

 

1.CONTENT LIST: 

IEEE 802.11 Standards – Architecture 

 

2. SKILLS ADDRESSED: 

Understanding, Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To facilitate students understand IEEE 802.11. 

 

4.OUTCOMES: 

 Explain the concept of IEEE 802.11 

 

5.LINK SHEET: 

 What do you mean by standard? 

 

6.EVOCATION: (5 Minutes) 
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Lecture Notes:  

 

IEEE 802.11 — Architecture of an Infrastructure Network 

 

� Direct communication within a limited range: 

– Station (STA): 

• Terminal with access mechanisms to the wireless medium 

– Independent Basic Service Set (IBSS): 

• Group of stations using the same radio frequency 

 

IEEE Standard 802.11 

 
 

� MAC: 

– Access mechanisms, fragmentation, encryption 

� PLCP Physical Layer Convergence Protocol: 

– Clear Channel Assessment (CCA) signal (carrier sense) 

� PMD Physical Medium Dependent: 
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– Modulation, coding 

� MAC Management: 

– Authentication, synchronization, roaming, MIB, power management 

� PHY Management: 

– Channel selection, MIB 

� Station Management: 

– Coordination 

 
 

IEEE 802.11 — Physical layer 

� 3 versions: 2 radio (typical 2.4 GHz), 1 IR: 

– Data rates of 1 Mbit/s mandatory and 2 Mbit/s optional 

� FHSS (Frequency Hopping Spread Spectrum): 

– Spreading, de-spreading, signal strength, typical 1 Mbit/s, 79 channels US/EU 

– Min. 2.5 frequency hops/s (USA), two-level GFSK (Gauß FSK) modulation 

� DSSS (Direct Sequence Spread Spectrum): 

– DBPSK modulation for 1 Mbit/s (Differential Binary Phase Shift Keying), 

DQPSK for 2 Mbit/s (Differential Quadrature PSK) 

– Preamble and header of a frame is always transmitted with 1 Mbit/s, rest of transmission 1 or 2 

Mbit/s 

– Chipping sequence: +1, -1, +1, +1, -1, +1, +1, +1, -1, -1, -1 (Barker code), 11 Mhz chipping rate 

– Max. radiated power 1 W (USA), 100 mW (EU), min. 1mW 

� Infrared: 

– 850-950 nm, diffuse light, typical 10 m range 

– Carrier detection, energy detection, synchronization 

 

IEEE 802.11 — FHSS PHY Packet Format 

� Synchronization: 

– Synchronization with 010101... pattern 

� SFD (Start Frame Delimiter): 

– 0000110010111101 start pattern 

� PLW (PLCP_PDU Length Word): 

– Length of payload including 32 bit CRC of payload, PLW < 4096 byte 

� PSF (PLCP Signaling Field): 

– Data of payload (1 or 2 Mbit/s): 0 = 1 Mbit/s, 10 = 2 Mbit/s etc. 

� HEC (Header Error Check) 

– CRC with x16+x12+x5+1 
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IEEE 802.11 — DSSS PHY Packet Format 

� Synchronization: 

– Synchronization, gain setting, energy detection, frequency offset compensation 

� SFD (Start Frame Delimiter): 

– 1111001110100000 

� Signal: 

– Data rate of the payload (0A: 1 Mbit/s DBPSK; 14: 2 Mbit/s DQPSK) 

� Service: 

– Future use, 00: 802.11 compliant 

� Length: 

– Length of the payload (measured in ms) 

� HEC (Header Error Check) 

– Protection of signal, service, and length, x16+x12+x5+1, ITU-T-CRC-16 standard 

 

 
 

IEEE 802.11 — MAC Layer DFWMAC 

� Traffic services (Roaming, Authentication, Energy Savings): 

– Asynchronous Data Service (mandatory): 

• Exchange of data packets based on “best-effort” 

• Support of broadcast and multicast, however, no QoS support 

– Time-Bounded Service (optional): 

• Implemented using PCF 

� 3 Access methods: 

– DFWMAC-DCF CSMA/CA (mandatory) (Distributed Foundation Wireless MAC): 

• Collision avoidance via randomized „back-off“ mechanism 

• Minimum distance between consecutive packets 

• ACK packet for acknowledgements (not for broadcasts) 

– DFWMAC-DCF with RTS/CTS (optional): 

• Avoids hidden terminal problem 

– DFWMAC- PCF (optional): 

• Access point polls terminals according to a list 

DCF: Distributed Coordination Function 

PCF: Point Coordination Function 
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IEEE 802.11 — MAC Layer DFWMAC 

� Priorities (determine waiting time before medium access): 

– Defined through different Inter Frame Spaces (IFS) 

– No guaranteed, hard priorities 

– SIFS (Short Inter Frame Spacing): 

• Highest priority, for ACK, CTS, polling response: DSSS 10 ms, FHSS 28 ms 

– PIFS (Point Coordination Function IFS): 

• Medium priority, for time-bounded service using PCF, polling of terminals, 

PIFS = SIFS plus time slot duration 

– DIFS (Distributed Coordination Function IFS): 

• Lowest priority, for asynchronous data service, DIFS = SIFS plus 2 time slots 

 

 
 

IEEE 802.11 — CSMA/CA Access Method 

 
– Station ready to send starts sensing the medium (Carrier Sense based on CCA, Clear Channel 

Assessment) 

– If the medium is free for the duration of an Inter-Frame Space (IFS), the station can start sending 

(IFS depends on service type) 

– If the medium is busy, the station has to wait for a free IFS, then the station must wait additionally a 

random back-off time (collision avoidance, multiple of slot-time) 

– If another station occupies the medium during the back-off time of the station, the back-off timer 

stops (fairness) 

 

IEEE 802.11 — CSMA/CA Access Method 

� Sending unicast packets: 

– Station has to wait for DIFS before sending data 

– Receivers acknowledge at once (after waiting for SIFS), if the packet was received correctly (CRC) 

– Automatic retransmission of data packets in case of transmission errors 
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IEEE 802.11 — MAC Management 

� Synchronization: 

– Try to find a LAN, try to stay within a LAN 

– Timer 

� Power management: 

– Sleep-mode without missing a message 

– Periodic sleep, frame buffering, traffic measurements 

� Association/Re-association (Roaming): 

– Integration into a LAN 

– Roaming, i.e. change networks by changing access points 

– Scanning, i.e. active search for a network 

� MIB - Management Information Base: 

– Managing, read, write 

 

Power Management 

� Idea: 

– Switch the transceiver off, if not needed 

– States of a station: sleep and awake 

� Timing Synchronization Function (TSF): 

– Stations wake up at the same time 

� Infrastructure: 

– Traffic Indication Map (TIM): 

• List of unicast receivers transmitted by AP 

– Delivery Traffic Indication Map (DTIM): 

• List of broadcast/multicast receivers transmitted by AP 

� Ad-hoc: 

– Ad-hoc Traffic Indication Map (ATIM): 

• Announcement of receivers by stations buffering frames 

• More complicated - no central AP 

• Collision of ATIMs possible (scalability) 
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Lesson Plan for IEEE 802.11 Services 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No: 4,5 / 10 

 

1.CONTENT LIST: 

IEEE 802.11 Services 

 

2. SKILLS ADDRESSED: 

Understanding, Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To facilitate students understand IEEE 802.11 Services 

 

4.OUTCOMES: 

 Explain the concept of IEEE 802.11 services and explain where to use these. 

 

5.LINK SHEET: 

 What do you mean by services? 

 

6.EVOCATION: (5 Minutes) 

 
 

 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



WLAN: IEEE 802.11b 

� Data rate: 

– 1, 2, 5.5, 11 Mbit/s, depending on SNR 

– User data rate max. approx. 6 Mbit/s 

� Transmission range: 

– 300 m outdoor, 30 m indoor 

– Max. Data rate ~10 m indoor 

� Frequency: 

– Free 2.4 GHz ISM-band 

� Security: 

– Limited, WEP insecure, BSSID 

� Cost: 

– 100 € per adapter, 250 € per base station, dropping 

� Availability: 

– Many products, many vendors 

� Connection set-up time: 

– Connectionless/always on 

� Quality-of-Service: 

– Typically best effort, no guarantees (unless polling is used, limited support in products) 

� Manageability: 

– Limited (no automated key distribution, sym. Encryption) 

� Special advantages/drawbacks: 

– Advantage: many installed systems, lot of experience, available worldwide, free ISM-band, 

many vendors, integrated in laptops, simple system 

– Drawback: heavy interference on ISM band, no service guarantees, slow relative speed only 

 

WLAN: IEEE 802.11a 

� Data rates: 

– 6, 9, 12, 18, 24, 36, 48, 54 Mbit/s (SNR) 

– User throughput (1500 byte packets): 5.3 (6), 18 (24), 24 (36), 32 (54) 

– 6, 12, 24 Mbit/s mandatory 

� Transmission range: 

– 100m outdoor, 10m indoor 

• E.g., 54 Mbit/s up to 5 m, 48 up to 12 m, 36 up to 25 m, 24 up to 30m, 18 up to40 m, 12 up 

to 60 m 

� Frequency: 

– Free 5.15-5.25, 5.25-5.35, 5.725-5.825 GHz 

� Security: 

– Limited, WEP insecure, SSID 

� Cost: 

– 280€ adapter, 500€ base station 

� Availability: 
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– Some products, some vendors 

� Connection set-up time: 

– Connectionless/always on 

� Quality-of-Service: 

– Typically best effort, no guarantees (same as all IEEE 802.11 standards) 

� Manageability: 

– Limited (no automated key distribution, sym. Encryption) 

� Special advantages/drawbacks: 

– Advantage: fits into 802.x standards, free ISM-band, available, simple system, uses less 

crowded 5 GHz band 

– Drawback: stronger shading due to higher frequency, no QoS 

 

OFDM in IEEE 802.11a (and HiperLAN2) 

� OFDM with 52 used sub-carriers (64 in total): 

– Reduction of symbol rate -> a bit distributed across multiple sub-carriers 

• 250.000 symbols/s and 0.8 ms guard space 

– 48 data + 4 pilot (robustness against F drifts) 

– Plus 12 virtual sub-carriers 

� 312.5 kHz spacing 

 

ETSI — HIPERLAN 

� ETSI standard: 

– European standard, cf. GSM, DECT, 

– Enhancement of local networks and inter-working with fixed networks 

– Integration of time-sensitive services from the early beginning 

� HIPERLAN family: 

– One standard cannot satisfy all requirements 

• Range, bandwidth, QoS support 

• Commercial constraints 

– HIPERLAN 1 standardized since 1996 – no products up to now! 

 

Wireless ATM 

 

� Seamless connection to wired ATM, an integrated services high performance network 

supporting different types a traffic streams 

� ATM networks scale well: private and corporate LANs, WAN 

� B-ISDN uses ATM as backbone infrastructure and integrates several different services in 

one universal system 

� Mobile phones and mobile communications have an ever increasing importance in 

everyday life 

� Current wireless LANs do not offer adequate support for multimedia data streams 
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� Merging mobile communication and ATM leads to wireless ATM from a 

telecommunication provider point of view 

� Goal: seamless integration of mobility into B-ISDN 

� Problem: 

Very high complexity of the system – never reached products 

 

Basic Principles 

– Favored by the telecommunication industry for advanced high-performance networks, e.g., 

B-ISDN, as transport mechanism 

– Statistical (asynchronous, on demand) TDM (ATDM, STDM) 

– Cell header determines the connection the user data belongs to 

– Mixing of different cell-rates is possible: 

• Different bit-rates, constant or variable, feasible 

– Interesting for data sources with varying bit-rate: 

• E.g., guaranteed minimum bit-rate 

• Additionally bursty traffic if allowed by the network 

BRAN — Broadband Radio Access Networks 

� Motivation: 

– Deregulation, privatization, new companies, new services 

– How to reach the customer? 

• Alternatives: xDSL, cable, satellite, radio 

� Radio access: 

– Flexible (supports traffic mix, multiplexing for higher efficiency, can be asymmetrical) 

– Quick installation 

– Economic (incremental growth possible) 

� Market: 

– Private customers (Internet access, tele-xy) 

– Small and medium sized business (Internet, MM conferencing, VPN) 

� Scope of standardization: 

– Access networks, indoor/campus mobility, 25 -155 Mbit/s, 50 m - 5 km 

– Coordination with ATM Forum, IETF, ETSI, IEEE 

Broadband Network Types 

� Common characteristics: 

– ATM QoS (CBR, VBR, UBR, ABR) 

� HIPERLAN/2: 

– Short range (< 200 m), indoor/campus, 25 Mbit/s user data rate 

– Access to telecommunication systems, multimedia applications, mobility (<10 m/s) 

� HIPERACCESS: 

– Wider range (< 5 km), outdoor, 25 Mbit/s user data rate 

– Fixed radio links to customers (“last mile”), alternative to xDSL or cable modem, quick 

installation 

– Several (proprietary) products exist with 155 Mbit/s plus QoS 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



� HIPERLINK – currently no activities: 

– Intermediate link, 155 Mbit/s 

– Connection of HIPERLAN access points or connection between HIPERACCESS nodes 

 

HiperLAN2 

� Official name: BRAN HIPERLAN Type 2: 

– H/2, HIPERLAN/2 also used 

� Characteristics: 

– High data rates for users: 54 Mbit/s at 5 GHz 

– More efficient than 802.11a 

– Connection oriented 

– QoS support 

– Dynamic frequency selection 

– Security support 

• Strong encryption/authentication 

– Mobility support 

– Network and application independent 

• Convergence layers for Ethernet, IEEE 1394, ATM, 3G 

– Power save modes 

– Plug and Play 

 

Bluetooth 

� Idea: 

– Universal radio interface for ad-hoc wireless connectivity 

– Interconnecting computer and peripherals, handheld devices, PDAs, cell phones 

• Replacement of IrDA 

– Embedded in other devices, goal: 5 €/device (2002: 50 €/USB Bluetooth) 

– Short range (10 m), low power consumption, license-free 2.45 GHz ISM 

– Voice and data transmission, approx. 1 Mbit/s gross data rate 

� History: 

– 1994: Ericsson (Mattison/Haartsen), “MC-link” project 

– Renaming of the project: 

• Bluetooth according to Harald “Blåtand” Gormsen [son of Gorm], King of 

Denmark in the 10th century 

– 1998: Foundation of Bluetooth SIG, http://www.bluetooth.org 

– 1999: Erection of a rune stone at Ericsson/Lund ;-) 

– 2001: First consumer products for mass market, spec. version 1.1 released 

� Special Interest Group: 

– Original founding members: Ericsson, Intel, IBM, Nokia, Toshiba 

– Added promoters: 3Com, Agere (was: Lucent), Microsoft, Motorola 

– More than 2500 members 

– Common specification and certification of products 
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Lesson Plan for Mobile Ad hoc Networks 

Time: 45 Minutes 

Lesson. No Unit 1 – Lesson No. 6 / 10 

 

1.CONTENT LIST: 

Mobile Ad hoc Networks 

 

2. SKILLS ADDRESSED: 

Understanding, Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To facilitate students understand Mobile Ad hoc Networks 

 

4.OUTCOMES: 

 Explain the concept of Mobile Ad hoc Networks 

 

5.LINK SHEET: 

 What do you mean by adhoc networks? 

 

6.EVOCATION: (5 Minutes) 
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Comparison: Infrastructure vs. Ad-hoc Nets 

 

 
 

Ad Hoc Topology 

• AP is not required. 

• Client devices within a cell can communicate directly with each other. 

• It is useful for setting up of a wireless network quickly and easily. 

• The scope of the 802.11 protocols is limited only up to the layer-2 MAC 
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1.CONTENT LIST: 

WiFi 

 

2. SKILLS ADDRESSED: 

Understanding, Remembering 

 

3. OBJECTIVE OF THIS LESSON PLAN: 

 To facilitate students understand WiFi 

 

4.OUTCOMES: 

 Explain the concept of WiFi 

 

5.LINK SHEET: 

 What do you mean by WiFi? 

 

6.EVOCATION: (5 Minutes) 

 

       
 

Wi-Fi: Overview 

• Describes only narrow range of connectivity ensuring Wireless Local Area 

Network 
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• IEEE 802.11 Standard 

• Establish and enforce standards for Interoperability and backward compatibility 

Certification Process 

o Requires conformance to the IEEE 802.11 radio standard 

o WPA and WPA2 Security standards 

o EAP Authentication standard 

 

Wi-Fi Networks use Radio Technologies to transmit & receive data at high speed: 

• IEEE 802.11b 

• IEEE 802.11a 

• IEEE 802.11g 

• IEEE 802.11n 

Wi-Fi : IEEE Standard 

 

IEEE 802.11b 

• Appear in late 1999 

• Operates at 2.4GHz radio spectrum 

• 11 Mbps (theoretical speed) - within 30 m Range 

• 4-6 Mbps (actual speed) 

• 100 -150 feet range 

• Most popular, Least Expensive 

• Has 11 channels, with 3 non-overlapping 

• Interference from mobile phones and Bluetooth devices which can reduce the transmission 

speed. 

 

IEEE 802.11a 

• Introduced in 2001 

• Operates at 5 GHz (less popular) 

• 54 Mbps (theoretical speed) 

• 15-20 Mbps (Actual speed) 

• 50-75 feet range 

• More expensive 

• Not compatible with 802.11b 

 

 

IEEE 802.11g 

• Introduced in 2003 

• Combine the feature of both standards (a,b) 

• 100-150 feet range 

• 54 Mbps Speed 

• 2.4 GHz radio frequencies 

• Compatible with „b‟ 
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IEEE 802.11n 

• Introduced in 2009 

• Improve Network throughput over 802.11a and 802.11g 

• 175 feet range 

• 300 Mbps speed 

• Multiple Inputs Multiple Output (MIMO) added 

• 40 MHz channels to the PHY (physical layer), and frame aggregation to the MAC layer 

• 2.4/5 GHz radio frequencies 

 

Wi-Fi : Security Standard 

• Wi-Fi Protected Access (WPA) is a certification program developed by the 

Wi-Fi alliance to secure wireless computer Networks 

• Builds upon WEP ( Wired Equivalent Privacy ) 

• WPA2 encryption standard is ratified by IEEE and still considered secure, 

as of 2009 

• WPA comes in two flavors, that is WPA-802.1x and WPA-PSK. 

• The Wi-Fi alliance has announced the inclusion of additional EAP 

(Extensible Authentication Protocol) types to its certification programs for 

WPA- and WPA2 

 

Wi-Fi Network Architectures 

• AP-based topology (Infrastructure Mode) 

• Peer-to-peer topology (Ad-hoc Mode) 

• Point-to-multipoint bridge topology 

 

How a Wi-Fi Network Works 

• Basic concept is same as Walkie talkies. 

• A Wi-Fi hotspot is created by installing an access point to an internet connection. 

• An access point acts as a base station. 

• When Wi-Fi enabled device encounters a hotspot the device can then connect to that 

network wirelessly. 

• A single access point can support up to 30 users and can function within a range of 100 – 

150 feet indoors and up to 300 feet outdoors. 

• Many access points can be connected to each other via Ethernet cables to create a single 

large network. 

• Has fairly high power battery consumption compare to Bluetooth and ZigBee 

 

Elements of a WI-FI Network 

• Access Point (AP) - The AP is a wireless LAN transceiver or “base station” that can connect 

one or many wireless devices simultaneously to the Internet. 
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• Wi-Fi cards - They accept the wireless signal and relay information. They can be internal 

and external.(e.g. PCMCIA Card for Laptop and PCI Card for Desktop PC) 

• Safe guards - Firewalls and anti-virus software protect networks from uninvited users and 

keep information secure. 

 

Security Enhancements 

• Use Encryption: 

Encryption standards: WEP, WPA and WPA2 

• Change Default account names and passwords. 

• Segment the Network 

• Authenticate users 

• Update the firmware 

3/4/2012 WiMAX & Wi-Fi 21 

Security Enhancements 

• Channel Pollution 

� Use of 2.45 GHz range is common in Bluetooth, ZigBee , WPAN-CSS etc 

� Cause significant additional interference 

• Network Security 

� Simplified access compare to Wire 

� Enabling wireless connectivity provides and attack vector, particularly if the network uses 

inadequate or no encryption. 

� DNS spoofing attack 

• Security Methods 

� Service Set Identifier (SSID) is common but unproductive because SSID is broadcast in the 

clear in response to client SSID query. 

� Allow computers with known MAC are also inefficient because MAC spoofing is a 

common hacking tool now. 

� Wired Equivalent Policy (WEP) was designed to protect again casual snooping, but now 

deprecated as AirSnort or Aircrack-ng can quickly recover WEP encryption keys 
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WiMAX 

Provides upto 70 Mb/sec symmetric broadband speed without the need for cables 

The technology is based on the IEEE 802.16 standard (also called Wireless MAN) 

_ WiMAX can provide broadband wireless access (BWA) up to 30 miles (50 km) for fixed 

stations, and 3 - 10 miles (5 - 15 km) for mobile stations. In contrast, the WiFi/802.11 wireless 

local area network standard is limited in most cases to only 100 - 300 feet (30 - 100m) 

_ The 802.16 specification applies across a wide range of the RF spectrum, and WiMAX 

could function on any frequency below 66 GHz (higher frequencies would decrease the range 

of a Base Station to a few hundred meters in an urban environment). 

WiMAX: Overview 

• Worldwide Interoperability for Microwave Access 

• WIMAX is an IP based, wireless broadband access technology that provides performance 

similar to 802.11/Wi-Fi networks with the coverage and QOS (quality of service) of cellular 

networks. 

• Protocol that provide fixed and mobile Internet Access  

• A standard based technology that enable the delivery of last mile wireless broadband access 

as an alternative to cable and DSL 

• Provide fixed, nomadic, portable and eventually mobile wireless broadband without the need 

for direct LOS to base station. 

• Current WiMAX revision provides up to 40Mbps in typical 3-10 km base station radius 
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Standard & Improved Features 

• Current Wimax revision is based upon IEEE Std 802.16e-2005. 

• Actual Standard is IEEE Std 802.16d-2004, IEEE 802.16e-2005 improves upon IEEE 

802.16-2004 by: 

� Adding Support for Mobility 

� scaling of the Fast Fourier Transform (FFT) to the channel bandwidth 

� Adaptive Antenna Systems (AAS) and MIMO Technology 

� adding an extra QOS for VOIP Applications 

� Introducing downlink sub-channelization 

 

Functional Entities 

� Base Station (Access Network) 

� Access Service Network Gateway 

� Connectivity Service Network 

� AAA 

� DHCP 

� DNS 

� HA 

� PCRF 

� Firewall/Switch/Router 

� Database 
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� Base Station 

o Provide Air Interface to MS 

o Micro mobility Management functions such as handoff triggering and tunnel establishment 

o Radio Resource Management 

o QOS Policy enforcement 

o Traffic Classification 

o Key Management, Session Management 

o Multicast Group Management 

Functional Entities 

 

� Access Service Network Gateway 

o Act as Layer 2 traffic aggregation point within Access Service 

Network area 

o Intra ASN Location Management and Paging 

o Radio Resource Management and Admission Control 

o Caching of Subscriber profiles and encryption keys 

o AAA Client functionality 

o Routing to the Selected CSN 

Functional Entities 

 

� Connectivity Service Network 

o Authorize, Authenticate and Accounting 

o Connectivity to the Internet or other Networks 

o User Policy Management and Rating 

o QOS Confirmation 

o IP Resolution 

o IP Address Management 

o Location Management between different ASN‟s 

Functional Entities 

 

WiMAX: Principles 

� Spectrum . able to be deployed in both licensed and unlicensed spectra. 

� Topology Supports different Radio Access Network (RAN) topologies 

� Interworking Independent RAN architecture to enable seamless integration and 

interworking with WiFi, 3GPP and 3GPP2 networks and existing IP operator core network 

 � IP connectivity supports a mix of IPv4 and IPv6 network interconnects in clients and 

application servers. 

� Mobility management Possibility to extend the fixed access to mobility and broadband 

multimedia services delivery 
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WiMAX Physical Layer 

� Based on orthogonal frequency division multiplexing (OFDM) 

� OFDM is the transmission scheme of choice to enable high-speed data, video, and 

multimedia communications and is used by a variety of commercial broadband systems 

� OFDM is an elegant and efficient scheme for high data rate transmission in a non-line-of-

sight or multipath radio environment. 

 

Downlink Uplink Modulation 

BPSK, QPSK, 16 QAM, 64 QAM;  

BPSK optional for OFDMA-PHY BPSK, QPSK, 16 QAM; 64 QAM optional 

 

Coding 

Mandatory: convolution codes at rate 1/2, 2/3, 3/4, 5/6 

Mandatory: convolution codes at rate 1/2, 2/3, 3/4, 5/6 

Optional: convolution turbo codes at rate 1/2, 2/3, 3/4, 5/6;  repetition codes at rate 1/2, 1/3, 

1/6, LDPC, RS-Codes for  

OFDM-PHY 

Optional: convolution turbo codes at rate 1/2, 2/3, 3/4, 5/6; repetition codes at rate 1/2, 1/3, 

1/6, LDPC 

 

WiMAX MAC Layer 

� The IEEE 802.16 MAC was designed for point-to-multipoint broadband wireless access 

applications. 

� Provide an interface between the higher transport layers and the physical layer. 

� MAC service data units (MSDUs).and organizes them into MAC protocol data units 

(MPDUs) for transmission over the air. 

� Broadcast and multicast support 

� Manageability primitives 

� High-speed handover and mobility management primitives 

� Three power management levels, normal operation, sleep and idle 

� Header suppression, packing and fragmentation for efficient use of spectrum 

WiMAX Technical Features 

•OFDM-based physical layer: The WiMAX physical layer (PHY) is based on orthogonal 

frequency division multiplexing, a scheme that offers good resistance to multipath, and allows 

WiMAX to operate in NLOS conditions. 

• Very high peak data rates: WiMAX is capable of supporting very high peak data rates. 

• Scalable bandwidth and data rate support 

• Adaptive Modulation and coding (AMC) 

• Link-layer retransmissions 

• Support for TDD and FDD 

• Orthogonal frequency division multiple access (OFDMA) 

• Flexible and dynamic per user resource allocation 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



• Support for advanced antenna techniques 

• Quality-of-service support 

• Robust security 

• Support for mobility 

• IP-based architecture 

 

WiMAX Mobility Features 

WiMAX envisions four mobility-related usage scenarios: 

� Nomadic: The user is allowed to take a fixed subscriber station and reconnect from a 

different point of attachment. 

� Portable: Nomadic access is provided to a portable device, such as a PC card, with 

expectation of a best-effort handover. 

� Simple mobility: The subscriber may move at speeds up to 60 kmph with brief 

interruptions (less than 1 sec) during handoff. 

� Full mobility: Up to 120 kmph mobility and seamle 

 

How WiMAX Works 

• When a user send data from a subscriber device to a base station then that base station 

broadcast the wireless signal into channel which is called uplink and base station transmit the 

same or another user is called downlink. 

• The base station of WiMAX has higher broadcasting power, antennas and enhanced 

additional algorithms. 

• When signal transmit form user to WiMAX base station or base to user (WiMAX receiver) 

the wireless channel faces many attenuation such as fraction, reflection, refraction, wall 

obstruction etc. 

• OFDMA that prohibit interfering and be multiplexed also makes possible power 

prioritization for various sub carriers according to the link quality. 

• WiMAX is providing quality of service (WiMAX QoS) which enables high quality of data 

like VoIP or TV broadcasts. 

• WiMAX technology support various protocol such as VLAN, ATM, IPv4 Ethernet etc. 
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Security Enhancements 

• Will the wireless protocol provide adequate security to prevent theft of service, thus 

protecting their investment in the wireless infrastructure? 

• Encryption connection between BS and MS. 

• Incorporation of two stage security: X.509 in the authentication process and 56-bit DES for 

the service flow 

• Certificate File loaded into CPE which is verified by CSN AAA 

• Lock with operator code so that it will not scan other frequency. 

 

WIMAX Applications 

• Portable broadband connectivity across cities through variety of devices. 

• Wireless alternative for DSL and cable 

• Providing data communications (VOIP) and IPTV Service ( Tripple Play) 

• Providing source of Internet connectivity as part of a business continuity plan 

• Enterprise Data Service 

• Peer to Peer access 
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www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



1G: First Generation Networks 

 The first mobile phone system in the market was AMPS. It was the first U.S. cellular 

telephone system, deployed in Chicago in 1983. The main technology of this first generation 

mobile system was FDMA/FDD and analog FM. 

 

2G: Second Generation Networks 

 Digital modulation formats were introduced in this generation with the main 

technology as TDMA/FDD and CDMA/FDD. The 2G systems introduced three popular 

TDMA standards and one popular CDMA standard in the market. 

 

2.5G Mobile Networks 

 In an efiort to retrofit the 2G standards for compatibility with increased throughput 

rates to support modern Internet application, the new data centric standards were developed to 

be overlaid on 2G standards and this is known as 2.5G standard. Here, the main upgradation 

techniques are: 

 supporting higher data rate transmission for web browsing 

 supporting e-mail trafic 

 enabling location-based mobile service 

 2.5G networks also brought into the market some popular application, a few of which 

are: Wireless Application Protocol (WAP), General Packet Radio Service (GPRS), High 

Speed Circuit Switched Dada (HSCSD), Enhanced Data rates for GSM Evolution (EDGE) 

etc. 

 

3G: Third Generation Networks 

 3G is the third generation of mobile phone standards and technology, superseding 

2.5G. It is based on the International Telecommunication Union (ITU) family of standards 

under the International Mobile Telecommunications-2000 (IMT-2000). ITU launched IMT-

2000 program, which, together with the main industry and standardization 

bodies worldwide, targets to implement a global frequency band that would support a single, 

ubiquitous wireless communication standard for all countries, to provide the framework for 

the definition of the 3G mobile systems.Several radio access technologies have been accepted 

by ITU as part of the IMT-2000 framework.  

 3G networks enable network operators to ofier users a wider range of more advanced 

services while achieving greater network capacity through improved spectral eficiency. 

Services include wide-area wireless voice telephony, video calls, and broadband wireless data, 

all in a mobile environment. Additional features also include HSPA data transmission 

capabilities able to deliver speeds up to 14.4Mbit/s on the down link and 5.8Mbit/s on the 

uplink. 

  3G networks are wide area cellular telephone networks which evolved to incorporate 

high-speed internet access and video telephony. IMT-2000 defines a set of technical 

requirements for the realization of such targets, which can be summarized as follows: 
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 high data rates: 144 kbps in all environments and 2 Mbps in low-mobility and 

 indoor environments 

 symmetrical and asymmetrical data transmission 

 circuit-switched and packet-switched-based services 

 speech quality comparable to wire-line quality 

 improved spectral eficiency 

 several simultaneous services to end users for multimedia services 

 seamless incorporation of second-generation cellular systems 

 global roaming 

 open architecture for the rapid introduction of new services and technology. 

 

Wireless Local Loop (WLL) 

 Microwave wireless links can be used to create a wireless local loop. The local loop can be 

thought of as the "last mile" of the telecommunication network that resides between the central office 

(CO) and the individual homes and business in close roximity to the CO. An advantage of WLL 

technology is that once the wireless equipment is paid for, there are no additional costs for transport 

between the CO and the customer premises equipment. Many new services have been proposed and 

this includes the concept of Local Multipoint Distribution Service (LMDS), which provides 

broadband telecommunication access in the local exchange. 

 

_ IEEE 802.11 WLAN uses ISM band (5.275-5.825GHz)  

_ Uses 11Mcps DS-SS spreading and 2Mbps user data rates (will fallback to 1Mbps in noisy 

conditions) 

_ IEEE 802.11a stndard provides upto 54Mbps throughput in the 5GHz band.  

 The DS-SS IEEE 802.11b has been called Wi-Fi. Wi-Fi networks have limited range. A typical 

Wi-Fi home router using 802.11b or 802.11g with a stock antenna might have a range of 32 m 

(120 ft) indoors and 95 m (300 ft) outdoors. Range also varies with frequency band. 

_ IEEE 802.11g uses Complementary Code Keying Orthogonal Frequency Division Multiplexing 

(CCK-OFDM) standards in both 2.4GHz and 5GHz bands. 

 

• Varieties VAS 
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IT2402 - Mobile Communication 

UNIT III MOBILE COMMUNICATION SYSTEMS 

 

1. What is GSM? 

The primary goal of GSM (Global System for Mobile communication) was provide a mobile 

phone system that allows users to roam and provides voice services compatible to ISDN and 

other PSTN systems. 

2.  Specify the security services offered by GSM. 

Access control and authentication 

Confidentiality 

Anonymity 

3.  What are the four types of handover available in GSM? 

1. Intra cell Handover 

2. Inter cell Intra BSC Handover 

3. Inter BSC Intra MSC handover 

4. Inter MSC Handover 

4. Write the databases of NSS in GSM 

In NSS, there are three different databases are used. They are 

Home Location Register(HLR) 

Visitor Location Register(VLR) 

Authentication Center(AUC) 

5.  What are the functions of OSS in GSM? 

Manage all charging and billing procedures 

In order to maintain all telecommunication hardware and network operations with a particular 

market 

Manage all mobile equipment in the system 

6.  What are the two basic groups of logical channels in GSM? 

Traffic channels (TCH) 

Control channels (CCH) 

7.  What are the control channel groups in GSM? 

Broadcast control channel (BCCH) 

Common control channel (CCCH) 

Dedicated control channel (DCCH) 

8. What are subsystems in GSM system? 

• Radio subsystem (RSS) 

• Network & Switching subsystem (NSS) 

• Operation subsystem (OSS) 

9.  What are the categories of Mobile services of GSM? or What are the services offered by 

the GSM? (U.Q NOV/DEC 2007) 

• Bearer services 

• Tele services 

• Supplementary services 

10. What are the services provided by supplementary services? 

• User identification 
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• Call redirection 

• Call forwarding 

• Closed user groups 

• Multiparty Communication 

11.  What is meant by GPRS? 

The General Packet Radio Service provides packet mode transfer for applications that exhibit  

12. What are the types of handover in GSM? 

There are four possible handover scenarios in GSM. They are 

Intra cell handover 

Inter cell, Intra BSC handover 

Inter BSC, Intra MSC handover 

Inter MSC handover 

13. Consider the handoff procedure in GSM system that is based on relative signal strength 

with threshold; that is , a mobile switches from one cell to another if (a) the signal at the 

current BS is sufficiently week (less than a predefined threshold) and (b) the other signal is 

stronger than the two. What are the drawbacks of this scheme, when the threshold is too 

low or too high?  

When the threshold is too high, ping-pang effect may result in which mobile unit is repeatedly 

passed back and forth between two base stations. When the threshold is too weak, the mobile 

unit may move far into the new cell before handoff, reducing the quality of connections and 

possible dropping of the call. 

14.  State the different types of transport modes and the channels used to carry packets in 

Digital Audio Broadcasting.  

Two transport modes are possible in main service channel, namely, stream mode and packet 

mode. Each frame has three parts, namely synchronization channel, fast  information channel and 

main service channel. 

15.  What is the information's in SIM? 

• Card type, serial no, list of subscribed services 

• Personal Identity Number (PIN) 

• Pin Unlocking Key (PUK) 

• An Authentication Key (KI) 

16. What are the registers maintained by the gateway of satellite? 

1. Home Location Register (HLR) 

2. Visitor Location Register (VLR) 

3. Satellite User Mapping Register (SUMR) 

17. What is meant by GGSN? 

The GPRS architecture introduces two new network elements, which are called GPRS support 

nodes (GSN) and are in fact routers. All GSNs are integrated into the standard GSM architecture 

and it having many new interfaces. The Gateway GPRS support node (GGSN) is the 

interworking between the GPRS network and external packet data networks (PDN). 

18.  What is meant by SGSN? 

The serving GPRS support node (SGSN) which supports the MS via the Gb interface. The 

SGSN, for example, requests user addresses from GPRS register (GR), keeps track of the 
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individual MS’s location, is responsible for collecting billing information and performs several 

security functions such as access control. 

19. What is meant by BSSGP? 

A base station subsystem GPRS protocol is used to convey routing and QOS – related 

information between BSS and SGSN. BSSGP does not perform error correction and works on 

top of a frame relay (FR) network. 

20.  What is mobile terminal and wireless terminal? 

Mobile terminal is a standard ATM terminal with the additional capability of reconnecting after 

access point change. The terminal can be moved between different access point within a certain 

domain. Wireless terminal is accessed via a wireless link, but the terminal itself is fixed, i.e., the 

terminal keeps its access point to the network. 

21.  What is generic routing encapsulation? 

Generic routing encapsulation (GRE) is an encapsulation scheme which supports other network 

protocols in addition to IP. It allows the encapsulation of packets of one protocol suite into the 

payload portion of a packet of another protocol suite. 

22.  Define COA. 

The COA (care of address) defines the current location of the MN from an IP point of view. All 

IP packets sent to the MN are delivered to the COA, not directly to the IP address of the MN. 

Packet delivery toward the MN is done using the tunnel. 

23. What are the possibilities for the location of care-of-address (COA)? 

The two possibilities for the location of care-of-address are: 

Foreign agent COA  

Co-related COA 

24.  What is meant by Transparency? 

Mobility should remain invisible for many higher layer Protocols and applications. The only 

affects of mobility should be a higher delay and lower bandwidth which are natural in the case of 

mobile networks. 

25.  What is binding Request? 

Any node that wants to know the current location of an MN can send a binding request to the 

HA. The HA can check if the MN has allowed dissemination of its current location. 

26.  Why is need of routing? 

Routing is to find the path between source and destination and to forward the packets 

appropriately. 

27.  What is Dynamic source Routing? 

Dynamic Source Routing eliminates all periodic routing updates. If a node needs to discover a 

route, it broadcast a route request with a unique identifier and the destination address as 

parameters. Any node that receivers a route request gives a list of addresses representing a 

possible path on its way toward the destination. 

28.  Define Mobile node: 

Mobile node: A mobile node is an end-system or router that can change its point of attachment to 

the Internet using mobile IP. The MN keeps its IP address and can continuously with any other 

system in the Internet as long as link layer connectivity is given. 

29. What is Encapsulation and Decapsulation? 
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Encapsulation is the mechanism of taking a packet consisting of packet header and data and 

putting it into the data part of a new packet. The reverse operation, taking a packet out of the data 

part of another packet, is called decapsulation. 

30. What are the types of encapsulation? 

IP-in-IP encapsulation 

Minimal encapsulation 

Generic routing encapsulation 

31. What are the two functions of the transport layer in the internet? 

The two functions of the transport layer in the internet are check summing over user data and 

multiplexing/ demultiplexing of data from applications. 

32.  What is called the exponential growth of the congestion window? 

The sender always calculate congestion window for a window start size of the congestion 

window is one segment. Sender sends one packet and waits for acknowledgement. If 

acknowledgement arises it raises the level of congestion window by one. If sender sends two 

packet if acknowledgement arises it raises the level of congestion window by two. This scheme 

raises the level of congestion window every time the acknowledges come back, which takes 

roundtrip time(RTT).This is called the exponential growth of the congestion window. 

33.  Name some of the formats supported by MOT?.  

_Multimedia and Hypermedia information coding experts group(MHEG) _Join photograph’s 

experts group(JPEG) _American standard code for information interchange(ASCII) _Moving 

pictures expert group(MPEG) _Hypertext markup language(HTML) _Hypertext transfer 

protocol(HTTP) _Bitmap(BMP) _Graphics interchange format(GIF) 

34. Give structure MOT object. 7bytes variable size variable size Header core Header 

Extension Body Header core : contain the size of the header and body and the content type of the 

object. Header Extension : contains additional object handling data such as repetition distance to 

support caching, segmentation information and priority of the data. Body : contains arbitrary data 

to be transmitted. 

35. What are different interleaving and repetition schemes applied by DAB to objects and 

segments? 

 1.Object Repetition.  

2.Interleaved Objects.  

3.Segment repetition. 

4.Header repetition.  

36. What are the advantages of DAB?  

1.DAB can offer sound in CD like quality. 

 2.DAB can use single frequency network where all senders transmitting the same radio program 

can operate at the same frequency.  

3.DAB use VHF and UHF frequency bands.  

4.DAB uses DQPSK modulation scheme.  

5.DAB user COFDM and FEC.  

6.DAB can transmit up to six stereo audio programs with a data rate of 192kbit/s each.  

37. What is object repetition?  

DAB can repeat objects several times. If an object A consists of four segments(A1,A2,A3,A4) a 

single repetition pattern would be A1A2A3A4A1A2A3A4A1A2A3A4……..  
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38. What is EIT?  

Event Information Table(EIT) contains status information about the current transmission and 

some additional information for set-top boxes.  

39. What are the service information sent by DVB?  

Digital Video Broadcast Containers are basically MPEG-2 frames. DVB sends service 

information. These information are,  

1. Network information table (NIT).  

2. Service Description Table (SDT).  

3. Event Information Table (EIT).  

4. Time and Date Table(TDT)  

40. What are the advantages of DVB? 

1 Data rates planned for users are 6-38mbit/s for the downlink and 33-100kbit/s for the uplink. 2. 

Transmitted along with TV programmes and doesn’t require additional lines or hardware per 

customer.  

3. Can be used in remote areas and developing countries where there is no high band width wired 

network. 

41. what is meant by beacon?  

A beacon contains a timestamp and other management information used for power management 

and roaming. e.g., identification of the base station subsystem(BSS)  

42.. What is Active scanning? Active scanning comprises sending a probe on each channel and 

waiting for response. Beacon and Probe response contain the information necessary to join the 

new BSS.  

43. What is Passive Scanning? Passive Scanning Simply means listening into the medium to 

find other networks, i.e. receiving the beacon of another network issued by the synchronization 

function within an access point. 

 

PART B 

 

1. Explain the functional architecture of GSM System 

2. With neat sketch and Explain about GSM functional architecture 

3. With neat sketch an explain working principles of GPRS 

4. Explain with neat sketch how voIP services working the mobile network 

5. Explain in detail about Mobile Number Portability 

6. Discuss in detail about DAB. 

7. Describe about DVB. 

8. Write about UMTS in detail. 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



SRI VIDYA COLLEGE OF ENGINEERING AND
TECHNOLOGY, VIRUDHUNAGAR

Department of Information Technology

Class IV Year (07 Semester)
Subject Code IT2402

Subject Mobile Communication

Prepared By T. Thivya
Lesson Plan for Introduction to Unit IV - MOBILE NETWORK AND TRANSPORT
LAYERS
Time: 45 Minutes
Lesson. No Unit 4 – Lesson No. 1 / 11

1.CONTENT LIST:

Introduction to Unit IV - MOBILE NETWORK AND TRANSPORT LAYERS

2. SKILLS ADDRESSED:

Listening

3. OBJECTIVE OF THIS LESSON PLAN:

To assist the students understand about mobile network and transport layers.

4.OUTCOMES:

Explain the concept of mobile network

5.LINK SHEET:

What is mobile network?
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1.CONTENT LIST:

Mobile IP – Dynamic Host Configuration Protocol

2. SKILLS ADDRESSED:

Understanding, Remembering

3. OBJECTIVE OF THIS LESSON PLAN:

To facilitate students learn about Mobile IP – Dynamic Host Configuration Protocol

4.OUTCOMES:

Explain the concept of Mobile IP – Dynamic Host Configuration Protocol

5.LINK SHEET:

i. What is mobile network?

ii. What is mobile IP?

iii. What is a protocol?
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Mobile Ad Hoc Routing Protocols – Multicast routing
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Understanding, Remembering

3. OBJECTIVE OF THIS LESSON PLAN:

To facilitate students learn about Mobile Ad Hoc Routing Protocols – Multicast routing
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MOBILE NETWORK AND TRANSPORT LAYERS

MOBILE IP NETWORK LAYER

Mobile IP Protocol Overview
 Defined by the Internet Engineering Task Force (IETF)
 Described in the IETF RFC 3344
 A protocol developed to allow internetwork mobility for wireless nodes without them having
to change their IP addresses by the Internet Engineering Task Force (IETF)

Requirements for the evolution of the new mobile IP protocol
 Need for Enhancing IP Network capacity─ Use of the existing IP protocol by large number of
Mobile nodes (MNs) will lead to a decrease in the network.

Need for upgrading capacity of Routers, and Data-link and Physical layers
 IP network protocols support 48-bit MAC addresses
 But when the number of MNs is large, then other interfaces and lower level protocols are
required
 For mobile nodes to move from one place to another while using the existing IP protocol, new
protocols are required at the data-link and physical layer.

Security Needs
 The mobility of the called MN must be hidden from the calling MN
 When a new IP address allocates at the new hosting subnet of the existing IP based
infrastructure, the identity of the mobile node is not hidden from another host
 The MN exposes and lacks security when using the existing IP protocol.

Need for Non-Transparency from higher layers
 The transport layer establishes a connection between a given port at a given IP address (called
socket) with a another port at another IP address
 The connection, once established by the transport layers between the sockets, is broken as
soon as the new address is assigned.

Reestablishment problems due to Non-Transparency from higher layers
(a) Reestablishment of the connection takes time which means loss of data during that Interval
(b) Reestablishment process has to share the same network and the given transmission rate.

Need of Non-Transparency from higher layers
 Any movement of the MN will be transparent to the TCP and to L7 in case the TCP layer re-
establishes the connection when the IP protocol used by the MN
 There is, therefore, a need for non-transparency of the MN to distant ports.
Examples of Non-Transparency from higher layers
 Assume a distant router is sending data packets for an IP address, presently assigned to a
mobile terminal using another router
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 When the terminal moves from one service area to another, the routing tables on the route
need to be updated
 Till this is done the packets will not reach their new destination.

Routing table problems
 The reconfiguration messages for updating the routing tables have to share the same network
and the given transmission rate.

Reestablishment Problems
 Reestablishment of the connection takes time and this means loss of data during that interval
 Any movement on the part of the MN transparent and, thus, not secure from the distant hosts
on the network of distant routers.

Working of Mobile IP
 A router has a home agent (HA) for a set of home networked MNs, as well as a foreign agent
(FA) for the visiting MNs
 An agent ─ software employed at a router or the host serviced by a router.
 An MN can access Internet services using the mobile IP protocol
 The MN can change its service router when visiting another location (which is serviced by a
different router)
 The HA and the FA play a location management role similar to that of the HLR and the VLR
in a GSM system.

Mobility support for IPV6
While mobile IP was originally designed for IP version 4, IP version 6 (Deering, 1998) makes
life much easier. Several mechanisms that had to be specified separately for mobility support
come free in IPv6 (Perkins, 1996d), (Johnson, 2002b). One issue is security with regard to
authentication, which is now a required feature for all IPv6 nodes. No special mechanisms as
add-ons are needed for securing mobile IP registration. Every IPv6 node masters address
autoconfiguration – the mechanisms for acquiring a COA are already built in.
Neighbor discovery as a mechanism mandatory for every node is also included in the
specification; special foreign agents are no longer needed to advertise services. Combining the
features of auto-configuration and neighbor discovery means that every mobile node is able to
create or obtain a topologically correct address for the current point of attachment. Every IPv6
node can send binding updates to another node, so the MN can send its current COA directly to
the CN and HA. These mechanisms are an integral part of IPv6. A soft handover is possible with
IPv6. The MN sends its new COA to the old router servicing the MN at the old COA, and the old
router encapsulates all incoming packets for the MN and forwards them to the new COA.
Altogether, mobile IP in IPv6 networks requires very few additional mechanisms of a CN, MN,
and HA. The FA is not needed any more. A CN only has to be able to process binding updates,
i.e., to create or to update an entry in the routing cache. The MN itself has to be able to
decapsulate packets, to detect when it needs a new COA, and to determine when to send binding
updates to the HA and CN. A HA must be able to encapsulate packets.
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IP micro-mobility support
Mobile IP exhibits several problems regarding the duration of handover and the

scalability of the registration procedure. Assuming a large number of mobile devices changing
networks quite frequently, a high load on the home agents as well as on the networks is
generated by registration and binding update messages. IP micro-mobility protocols can
complement mobile IP by offering fast and almost seamless handover control in limited
geographical areas.

Consider a client arriving with his or her laptop at the customer’s premises. The home
agent only has to know an entry point to the customer’s network, not the details within this
network. The entry point acts as the current location. Changes in the location within the
customer’s network should be handled locally to minimize network traffic and to speed-up local
handover.

The basic underlying idea is the same for all micro-mobility protocols: Keep the frequent
updates generated by local changes of the points of attachment away from the home network and
only inform the home agent about major changes, i.e., changes of a region. In some sense all
micro-mobility protocols establish a hierarchy. However, the debate is still going on if
micromobility aspects should really be handled on the IP layer or if layer 2 is the better place for
it. Layer 2 mobility support would comprise, e.g., the inter access point protocol (IAPP) of
802.11 WLANs or the mobility support mechanisms of mobile phone systems. The following
presents three of the most prominent approaches, which should be seen neither as standards nor
as final solutions of the micro-mobility problems. Campbell (2002) presents a comparison of the
three approaches.

DYNAMIC HOST CONFIGURATION PROTOCOL

The dynamic host configuration protocol (DHCP, RFC 2131, Drohms, 1997) is mainly
used to simplify the installation and maintenance of networked computers. If a new computer is
connected to a network, DHCP can provide it with all the necessary information for full system
integration into the network, e.g., addresses of a DNS server and the default router, the subnet
mask, the domain name, and an IP address. Providing an IP address makes DHCP very attractive
or mobile IP as a source of care-of-addresses. While the basic DHCP mechanisms are quite
simple, many options are available as described in RFC 2132 (Alexander, 1997). DHCP is based
on a client/server model as shown in figure 3.13. DHCPclients send a request to a server
(DHCPDISCOVER in the example) to which the server responds. A client sends requests using
MAC broadcasts to reach all devices in the LAN. A DHCP relay might be needed to forward
requests across inter-working units to a DHCP server

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Basic DHCP Configuration

Client initialization via DHCP

A typical initialization of a DHCP client is shown in figure. The figure shows one client and two
servers. As described above, the client broadcasts a DHCP DISCOVER into the subnet.
There might be a relay to forward this broadcast. In the case shown, two servers receive this
broadcast and determine the configuration they can offer to the client. One example for this
could be the checking of available IP addresses and choosing one for the client. Servers reply to
the client’s request with DHCPOFFER and offer a list of configuration parameters. The client
can now choose one of the configurations offered. The client in turn replies to the servers,
accepting one of the configurations and rejecting the others using DHCPREQUEST.
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If a server receives a DHCPREQUEST with a rejection, it can free the reserved
configuration for other possible clients. The server with the configuration accepted by the client
now confirms the configuration with DHCPACK. This completes the initialization phase. If a
client leaves a subnet, it should release the configuration received by the server using
DHCPRELEASE. Now the server can free the context stored for the client and offer the
configuration again. The configuration a client gets from a server is only leased for a certain
amount of time, it has to be reconfirmed from time to time. Otherwise the server will free the
configuration. This timeout of configuration helps in the case of crashed nodes or nodes moved
away without releasing the context.

DHCP is a good candidate for supporting the acquisition of care-of addresses for mobile
nodes. The same holds for all other parameters needed, such as addresses of the default router,
DNS servers, the timeserver etc. A DHCP server should be located in the subnet of the access
point of the mobile node, or at least a DHCP relay should provide forwarding of the messages.
RFC 3118 specifies authentication for DHCP messages which is needed to protect mobile nodes
from malicious DHCP servers. Without authentication, the mobile node cannot trust a DHCP
server, and the DHCP server cannot trust the mobile node.

MOBILE TRANSPORT LAYER

 Motivation
 TCPmechanisms
 Indirect TCP
 Snooping TCP
 Mobile TCP
 Fast retransmit/recovery
 Transmission freezing
 Selective retransmission
 Transaction oriented TCP

TECHNICAL TERMS
1. TCP is Transmission Control Protocol. It provides reliable, ordered delivery of a stream of
bytes from a program on one computer to another program on another computer.(Connection
oriented)
2. Internet Protocol (IP) is the principal communications protocol used for relaying datagram
across an internetwork using the Internet Protocol Suite.
3. IP Addressing refers to how end hosts are assigned IP addresses and how sub networks of IP
host addresses are divided and grouped.
4. IP routing is performed by all hosts, but most importantly by routers, which typically use
either interior gateway protocols (IGPs) or external gateway protocols (EGPs) to decide how to
move datagram’s among networks.
5. Packets are the IP works by exchanging pieces of information called packets
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6. UDP (User Datagram Protocol) is a communications protocol that offers a limited amount of
service when messages are exchanged between computers in a network that uses the Internet
Protocol (IP). (Connectionless protocol)
7. Snooping is unauthorized access to another person's or company's data.
8. Eavesdropping is the unauthorized real-time interception of a private communication, such as
a phone call, instant message, video conference or fax transmission.
9. Datagram is a basic transfer unit associated with a packet-switched network in which the
delivery, arrival time, and order of arrival are not guaranteed by the network service.
10. An operating system (OS) is a set of software that manages computer hardware resources
and provides common services for computer programs. The operating system is a vital
component of the system software in a computer system. Application programs require an
operating system to function.
11. Palm OS (also known as Garnet OS) is a mobile operating system initially developed by
Palm, Inc., for personal digital assistants (PDAs) in 1996. Palm OS is designed for ease of use
with a touch screen-based graphical user interface. It is provided with a suite of basic
applications for personal information management.

Motivation

 Transport protocols typically designed for
- Fixed end-systems
- Fixed, wired networks
 TCP congestion control
 Packet loss in fixed networks typically due to (temporary) overload situations
 Routers discard packets as soon as the buffers are full
 TCP recognizes congestion only indirectly via missing acknowledgements
 Retransmissions unwise, they would only contribute to the congestion and make it even worse
 Slow-start algorithm as reaction

TCP Slow Start

 Sender calculates a congestion window for a receiver
 Start with a congestion window size equal to one segment
 Exponential increase of the congestion window up to the congestion threshold, then

linear increase
 Missing acknowledgement causes the reduction of the congestion threshold to one half of

the current congestion window
 Congestion window starts again with one segment

TCP Fast Retransmit/Recovery
 TCP sends an acknowledgement only after receiving a packet
 If a sender receives several acknowledgements for the same packet, this is due to a gap in

received packets at the receiver
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 However, the receiver got all packets up to the gap and is actually receiving packets
 Therefore, packet loss is not due to congestion, continue with current congestion window

(do not use slow-start)

Influences of mobility on TCP
TCP assumes congestion if packets are dropped

 Typically wrong in wireless networks, here we often have packet loss due to transmission
errors

 Furthermore, mobility itself can cause packet loss, if e.g. a mobile node roams from one
access point (e.g. foreign agent in Mobile IP) to another while there are still packets in
transit to the wrong access point and forwarding is not possible

 The performance of an unchanged TCP degrades severely
 However, TCP cannot be changed fundamentally due to the large base of installation in

the fixed network, TCP for mobility has to remain compatible
 The basic TCP mechanisms keep the whole Internet together

Indirect TCP I
 Indirect TCP or I-TCP segments the connection
 No changes to the TCP protocol for hosts connected to the wired Internet, millions of

computers use (variants of) this protocol
 Optimized TCP protocol for mobile hosts
 Splitting of the TCP connection at, e.g., the foreign agent into 2 TCP connections, no real

end-to-end connection any longer
 Hosts in the fixed part of the net do not notice the characteristics of the wireless part

I-TCP socket and state migration
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Advantages

 No changes in the fixed network necessary, no changes for the hosts (TCP protocol)
necessary, all current optimizations to TCP still work

 Transmission errors on the wireless link do not propagate into the fixed network

 Simple to control, mobile TCP is used only for one hop between, e.g., a foreign agent and
mobile host Therefore, a very fast retransmission of packets is possible, the short delay
on the mobile hop is known

Disadvantages
 Loss of end-to-end semantics, an acknowledgement to a sender does not any longer mean

that a receiver really got a packet, foreign agents might crash

 Higher latency possible due to buffering of data within the foreign agent and forwarding
to a new foreign agent

Snooping TCP
 Transparent extension of TCP within the foreign agent
 Buffering of packets sent to the mobile host
 lst packets on the wireless link (both directions!) will be retransmitted immediately by the

mobile host or foreign agent, respectively (so called “local” retransmission)
 The foreign agent therefore “snoops” the packet flow and recognizes acknowledgements

in both directions, it also filters ACKs
 Changes of TCP only within the foreign agent (+min. MH change)

Data transfer to the mobile host
FA buffers data until it receives ACK of the MH, FA detects packet loss via duplicated ACKs or
time-out
Fast retransmission possible, transparent for the fixed network

Data transfer from the mobile host
FA detects packet loss on the wireless link via sequence numbers, FA answers directly with a
NACK to the MH
MH can now retransmit data with only a very short delay
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Advantages:
 Maintain end-to-end semantics

 No change to correspondent node
 No major state transfer during handover

Problems
 Snooping TCP does not isolate the wireless link well
 May need change to MH to handle NACKs
 Snooping might be useless depending on encryption schemes

Mobile TCP
 Special handling of lengthy and/or frequent disconnections
 M-TCP splits as I-TCP does

 Unmodified TCP fixed network to supervisory host (SH)
 Optimized TCP SH to MH

 Supervisory host
- No caching, no retransmission

 Monitors all packets, if disconnection detected
- set sender window size to 0
- sender automatically goes into persistent mode

 Old or new SH reopen the window

Advantages
· Maintains semantics, supports disconnection, no buffer forwarding

Disadvantages
· Loss on wireless link propagated into fixed network
· Adapted TCP on wireless link

Fast retransmit/fast recovery

 Change of foreign agent often results in packet loss
 TCP reacts with slow-start although there is no congestion

· Forced fast retransmit
 As soon as the mobile host has registered with a new foreign agent, the MH sends

duplicated acknowledgements on purpose
 This forces the fast retransmit mode at the communication partners
 Additionally, the TCP on the MH is forced to continue sending with the actual window

size and not to go into slow-start after registration

Advantage
Simple changes result in significant higher performance
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Disadvantage
Further mix of IP and TCP (to know when there is a new registration), no transparent

approach

Transmission/time-out freezing
 Mobile hosts can be disconnected for a longer time
 No packet exchange possible, e.g., in a tunnel, disconnection due to overloaded cells or

mux. with higher priority traffic
 TCP disconnects after time-out completely

· TCP freezing
 MAC layer is often able to detect interruption in advance
 MAC can inform TCP layer of upcoming loss of connection
 TCP stops sending, but does not assume a congested link
 MAC layer signals again if reconnected

Advantage
Scheme is independent of data and TCP mechanisms (Ack,SN) => works even with IPsec

Disadvantage
TCP on mobile host has to be changed, mechanism depends on MAC layer

Selective retransmission
 TCP acknowledgements are often cumulative
 ACK n acknowledges correct and in-sequence receipt of packets up to n
 If single packets are missing quite often a whole packet sequence beginning at the gap

has to be retransmitted (go-back-n), thus wasting bandwidth
 Selective retransmission as one solution
 RFC2018 allows for acknowledgements of single packets, not only acknowledgements of

in-sequence packet streams without gaps
 Sender can now retransmit only the missing packets

Advantage:
Much higher efficiency

Disadvantage
More complex software in a receiver, more buffer needed at the receiver

Transaction oriented TCP
TCP phases

- Connection setup, data transmission, connection release
- Using 3-way-handshake needs 3 packets for setup and release, respectively
- Thus, even short messages need a minimum of 7 packets!

Transaction oriented TCP
RFC1644, T-TCP, describes a TCP version to avoid this overhead
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Connection setup, data transfer and connection release can be combined
Thus, only 2 or 3 packets are needed

Advantage
Efficiency

Disadvantage
Requires changed TC
Mobility no longer transparent

How and why does I-TCP isolate problems on the wireless link? What are the main
drawbacks of this solution?

Two competing insights led to the development of indirect TCP (I-TCP) (Bakre, 1995).
One is that TCP performs poorly together with wireless links; the other is that TCP within the
fixed network cannot be changed. I-TCP segments a TCP connection into a fixed part and a
wireless part. Figure 9.1 shows an example with a mobile host connected via a wireless link and
an access point to the ‘wired’ internet where the correspondent host resides. The correspondent
node could also use wireless access.
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The following would then also be applied to the access link of the correspondent host.
Standard TCP is used between the fixed computer and the access point. No computer in the
internet recognizes any changes to TCP. Instead of the mobile host, the access point now
terminates the standard TCP connection, acting as a proxy. This means that the access point is
now seen as the mobile host for the fixed host and as the fixed host for the mobile host. Between
the access point
and the mobile host, a special TCP, adapted to wireless links, is used. However, changing TCP
for the wireless link is not a requirement. Even an unchanged TCP can benefit from the much
shorter round trip time, starting retransmission much faster. A good place for segmenting the
connection between mobile host and correspondent host is at the foreign agent of mobile IP. The
foreign agent controls the mobility of the mobile host anyway and can also hand over the
connection to the next foreign agent when the mobile host Indirect TCP segments a TCP
connection into two parts moves on. However, one can also imagine separating the TCP
connections special server, e.g., at the entry point to a mobile phone network (e.g., IWF in GSM,
GGSN in GPRS).

The correspondent host in the fixed network does not notice the wireless link or the
segmentation of the connection. The foreign agent acts as a proxy and relays all data in both
directions. If the correspondent host sends a packet, the foreign agent acknowledges this packet
and tries to forward the packet to the mobile host. If the mobile host receives the packet, it
acknowledges the packet.

However, this acknowledgement is only used by the foreign agent. If a packet is lost on
the wireless link due to a transmission error, the correspondent host would not notice this. In this
case, the foreign agent tries to retransmit this packet locally to maintain reliable data transport.
Similarly, if the mobile host sends a packet, the foreign agent acknowledges this packet and tries
to forward it to the correspondent host. If the packet is lost on the wireless link, the mobile hosts
notice this much faster due to the lower round trip time and can directly retransmit the packet.
Packet loss in the wired network is nowhandled by the foreign agent.

I-TCP requires several actions as soon as a handover takes place. As Figure
demonstrates, not only the packets have to be redirected using, e.g., mobile IP.In the example
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shown, the access point acts as a proxy buffering packets for retransmission. After the handover,
the old proxy must forward buffered data to the new proxy because it has already acknowledged
the data. after registration with the new foreign agent, this new foreign agent can inform the old
one about its location to enable packet forwarding. Besides buffer content, the sockets of the
proxy, too, must migrate to the new foreign agent located in the access point. The socket reflects
the current state of the TCP connection, i.e., sequence number, addresses, ports etc. No new
connection may be established for the mobile host, and the correspondent host must not see any
changes in connection state.

Socket and state migration after handover of a mobile host
There are several advantages with I-TCP:
●I-TCP does not require any changes in the TCP protocol as used by the hosts in the fixed
network or other hosts in a wireless network that do not use this optimization. All current
optimizations for TCP still work between the foreign agent and the correspondent host.
● Due to the strict partitioning into two connections, transmission errors on the wireless link, i.e.,
lost packets, cannot propagate into the fixed network. Without partitioning, retransmission of lost
packets would take place between mobile host and correspondent host across the whole network.
Now only packets in sequence, without gaps leave the foreign agent.
● It is always dangerous to introduce new mechanisms into a huge network such as the internet
without knowing exactly how they will behave. However, new mechanisms are needed to
improve TCP performance (e.g., disabling slow start under certain circumstances), but with I-
TCP only between the mobile host and the foreign agent. Different solutions can be tested or
used at the same time without jeopardizing the stability of the internet. Furthermore, optimizing
of these new mechanisms is quite simple because they only cover one single hop.
● The authors assume that the short delay between the mobile host and foreign
agent could be determined and was independent of other traffic streams. An optimized TCP
could use precise time-outs to guarantee retransmission as fast as possible. Even standard TCP
could benefit from the short round trip time, so recovering faster from packet loss. Delay is much
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higher in a typical wide area wireless network than in wired networks due to FEC and MAC.
GSM has a delay of up to 100 ms circuit switched, 200 ms and more packet switched (depending
on packet size and current traffic). This is even higher than the delay on transatlantic links.
● Partitioning into two connections also allows the use of a different transport layer protocol
between the foreign agent and the mobile host or the use of compressed headers etc. The foreign
agent can now act as a gateway to translate between the different protocols. But the idea of
segmentation in I-TCP also comes with some disadvantages:
● The loss of the end-to-end semantics of TCP might cause problems if the foreign agent
partitioning the TCP connection crashes. If a sender receives an acknowledgement, it assumes
that the receiver got the packet. Receiving an acknowledgement now only means (for the mobile
host and a correspondent host) that the foreign agent received the packet. The correspondent
node does not know anything about the partitioning, so a crashing access node may also crash
applications running on the correspondent node assuming reliable end-to-end delivery.
●In practical use, increased handover latency may be much more problematic. All packets sent
by the correspondent host are buffered by the foreign agent besides forwarding them to the
mobile host (if the TCP connection is split at the foreign agent). The foreign agent removes a
packet from the buffer as soon as the appropriate acknowledgement arrives. If the mobile host
now performs a handover to another foreign agent, it takes a while before the old foreign agent
can forward the buffered data to the new foreign agent. During this time more packets may
arrive. All these packets have to be forwarded to the new foreign agent first, before it can start
forwarding the new packets redirected to it.
● The foreign agent must be a trusted entity because the TCP connections end at this point. If
users apply end-to-end encryption, e.g., according to RFC 2401 the foreign agent has to be
integrated into allsecurity mechanisms.

With neat sketch expain about Snooping TCP
One of the drawbacks of I-TCP is the segmentation of the single TCP connection into

two TCP connections. This loses the original end-to-end TCP semantic. The following TCP
enhancement works completely transparently and leaves the TCP end-to-end connection intact.
The main function of the enhancement is to buffer data close to the mobile host to perform fast
local retransmission in case of packet loss. A good place for the enhancement of TCP could be
the foreign agent in the Mobile IP In this approach, the foreign agent buffers all packets with
destination mobile host and additionally ‘snoops’ the packet flow in both directions to recognize
acknowledgements The reason for buffering packets toward the mobile node is to enable the
foreign agent to perform a local retransmission in case of packet loss on the wireless link. The
foreign agent buffers every packet until it receives an acknowledgement from the mobile host. If
the foreign agent does not receive an acknowledgement from the mobile host within a certain
amount of time, either the packet or the acknowledgement has been lost. Alternatively, the
foreign agent could receive a duplicate ACK which also shows the loss of a packet. Now the
foreign agent retransmits the packet directly from the buffer, performing a much faster
retransmission compared to the correspondent host. The time out for acknowledgements can be
much shorter, because it reflects only the delay of one hop plus processing time.
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To remain transparent, the foreign agent must not acknowledge data to the correspondent host.
This would make the correspondent host believe that the mobile host had received the data and
would violate the end-to-end semantic in case of a foreign agent failure. However, the foreign
agent can filter the duplicate acknowledgements to avoid unnecessary retransmissions of data
from the correspondent host. If the foreign agent now crashes, the time-out of the correspondent
host still works and triggers a retransmission. The foreign agent may discard duplicates of
packets already retransmitted locally and acknowledged by the mobile host. This avoids
unnecessary traffic on the wireless link. Data transfer from the mobile host with destination
correspondent host works as follows. The foreign agent snoops into the packet stream to detect
gaps in the sequence numbers of TCP. As soon as the foreign agent detects a missing packet, it
returns a negative acknowledgement (NACK) to the mobile host. The mobile host can now
retransmit the missing packet immediately. Reordering of packets is done automatically at the
correspondent host by TCP.

Extending the functions of a foreign agent with a ‘snooping’ TCP has several advantages:
The end-to-end TCP semantic is preserved. No matter at what time the foreign agent crashes (if
this is the location of the buffering and snooping mechanisms), neither the correspondent host
nor the mobile host have an inconsistent view of the TCP connection as is possible with I-TCP.
The approach automatically falls back to standard TCP if the enhancements stop working.
● The correspondent host does not need to be changed; most of the enhancements are in the
foreign agent. Supporting only the packet stream from the correspondent host to the mobile host
does not even require changes in the mobile host. It does not need a handover of state as soon as
the mobile host moves to another foreign agent. Assume there might still be data in the buffer not
transferred to the next foreign agent. All that happens is a time-out at the correspondent host and
retransmission of the packets, possibly already to the new care-of address.
● It does not matter if the next foreign agent uses the enhancement or not. If not, the approach
automatically falls back to the standard solution. This is one of the problems of I-TCP, since the
old foreign agent may have already signaled the correct receipt of data via acknowledgements to
the correspondent host and now has to transfer these packets to the mobile host via the
new foreign agent.
However, the simplicity of the scheme also results in some disadvantages:
●Snooping TCP does not isolate the behavior of the wireless link as well as I-TCP.
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●Using negative acknowledgements between the foreign agent and the mobile host assumes
additional mechanisms on the mobile host
.●All efforts for snooping and buffering data may be useless if certain encryption schemes are
applied end-to-end between the correspondent host and mobile host.

How Mobile TCP will handles the dropped packet in the wireless link
Dropping packets due to a handover or higher bit error rates is not the only phenomenon

of wireless links and mobility - the occurrence of lengthy and/orfrequent disconnections is
another problem. Quite often mobile user scannot connect at all. One example is islands of
wireless LAN sinside buildings but no coverage of the whole campus. What happens to standard
TCP in the case of disconnection?

A TCP sender tries to retransmit data controlled by a retransmission timer that doubles
with each unsuccessful retransmission attempt, up to a maximum of one minute (the initial value
depends on the round trip time).This means that the sender tries to retransmit an
unacknowledged packet every minute and will give up after 12 retransmissions. What happens if
connectivity is back earlier than this? No data is successfully transmitted for a period of one
minute! The retransmission time-out is still valid and the sender has to wait. The sender also
goes into slow-start because it assumes congestion.

What happens in the case of I-TCP if the mobile is disconnected? The proxy has to buffer
more and more data, so the longer the period of disconnection, the more buffer is needed. If a
handover follows the disconnection, which is typical, even more state has to be transferred to the
new proxy. The snooping approach also suffers from being disconnected. The mobile will not be
able to send ACKs so, snooping cannot help in this situation.

The M-TCP (mobile TCP)1 approach has the same goals as I-TCP and snooping TCP: to
prevent the sender window from shrinking if bit errors or disconnection but not congestion cause
current problems. M-TCP wants to improve overall throughput, to lower the delay, to maintain
end-to-end semantics of TCP, and to provide a more efficient handover. Additionally, M-TCP is
especially adapted to the problems arising from lengthy or frequent disconnections M-TCP splits
the TCP connection into two parts as I-TCP does. An unmodified TCP is used on the standard
host-supervisory host (SH) connection, while an optimized TCP is used on the SH-MH
connection. The supervisory host is responsible for exchanging data between both parts similar
to the proxy in ITCP.

The M-TCP approach assumes a relatively low bit error rate on the wireless link.
Therefore, it does not perform caching/retransmission of data via the SH. If a packet is lost on
the wireless link, it has to be retransmitted by the original sender. This maintains the TCP end-to-
end semantics. The SH monitors all packets sent to the MH and ACKs returned from the MH. If
the SH does not receive an ACK for some time, it assumes that the MH is disconnected. It then
chokes the sender by setting the sender’s window size to 0. Setting the window size to 0 forces
the sender to go into persistent mode, i.e., the state of the sender will not change no matter how
long the receiver is disconnected. This means that the sender will not try to retransmit data. As
soon as the SH (either the old SH or a new SH) detects connectivity again, it reopens the window
of the sender to the old value. The sender can continue sending at full speed. This mechanism
does not require changes to the sender’s TCP. The wireless side uses an adapted TCP that can
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recover from packet loss much faster. This modified TCP does not use slow start, thus, M-TCP
needs a bandwidth manager to implement fair sharing over the wireless link
.
The advantages of M-TCP are the following:
●It maintains the TCP end-to-end semantics. The SH does not send any ACK itself but forwards
the ACKs from the MH.
● If the MH is disconnected, it avoids useless retransmissions, slow starts or breaking
connections by simply shrinking the sender’s window to 0.
● Since it does not buffer data in the SH as I-TCP does, it is not necessary to forward buffers to a
new SH. Lost packets will be automatically retransmitted to the new SH.

The lack of buffers and changing TCP on the wireless part also has some disadvantages:
● As the SH does not act as proxy as in I-TCP, packet loss on the wireless link due to bit errors
is propagated to the sender. M-TCP assumes low bit error rates, which is not always a valid
assumption.
● A modified TCP on the wireless link not only requires modifications to the MH protocol
software but also new network elements like the bandwidth manager.

write short notes on Fast retransmit/fast recovery
A node moving to a new foreign agent can cause packet loss or time out at mobile hosts or
corresponding hosts. TCP concludes congestion and goes into slow start, although there is no
congestion .The showed the mechanisms of fast recovery/fast retransmit a host can use after
receiving duplicate acknowledgements, thus concluding a packet loss without congestion.
The idea is to artificially force the fast retransmit behavior on the mobile host and correspondent
host side. As soon as the mobile host registers at a new foreign agent using mobile IP, it starts
sending duplicated acknowledgements to correspondent hosts. The proposal is to send three
duplicates.
This forces the corresponding host to go into fast retransmit mode and not to start slow start, i.e.,
the correspondent host continues to send with the same rate it did before the mobile host moved
to another foreign agent. As the mobile host may also go into slow start after moving to a new
foreign agent, this approach additionally puts the mobile host into fast retransmit. The mobile
host retransmits all unacknowledged packets using the current congestion window size without
going into slow start.

The advantage of this approach is its simplicity. Only minor changes in the mobile host’s
software already result in a performance increase. No foreign agent or correspondent host has to
be changed.

The main disadvantage of this scheme is the insufficient isolation of packet losses. Forcing fast
retransmission increases the efficiency, but retransmitted packets still have to cross the whole
network between correspondent host and mobile host. If the handover from one foreign agent to
another takes a longer time, the correspondent host will have already started retransmission. The
approach focuses on loss due to handover: packet loss due to problems on the wireless link is not
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considered. This approach requires more cooperation between the mobile IP and TCP layer
making it harder to change one without influencing the other.

write short notes on Selective retransmission
A very useful extension of TCP is the use of selective retransmission. TCP acknowledgements
are cumulative, i.e., they acknowledge in-order receipt of packets up to a certain packet. If a
single packet is lost, the sender has to retransmit everything starting from the lost packet (go-
back-n retransmission). This obviously wastes bandwidth, not just in the case of a mobile
network, but for any network (particularly those with a high path capacity, i.e., bandwidthdelay-
product). Using RFC 2018 TCP can indirectly request a selective retransmission of packets. The
receiver can acknowledge single packets, not only trains of in-sequence packets. The sender can
now determine precisely which packet is needed and can retransmit it.

The advantage of this approach is obvious: a sender retransmits only the lost packets. This
lowers bandwidth requirements and is extremely helpful in slow wireless links. The gain in
efficiency is not restricted to wireless links and mobile environments. Using selective
retransmission is also beneficial in all other networks.

However, there might be the minor disadvantage of more complex software on the receiver side,
because now more buffer is necessary to resequence data and to wait for gaps to be filled. But
while memory sizes and CPU performance permanently increase, the bandwidth of the air
interface remains almost the same. Therefore, the higher complexity is no real disadvantage any
longer as it was in the early days of TCP.

write short notes on Transmission/time-out freezing
This approaches presented so far can handle short interruptions of the connection, either due to
handover or transmission errors on the wireless link, some were designed for longer interruptions
of transmission. Examples are the use of mobile hosts in a car driving into a tunnel, which loses
its connection to, e.g., a satellite (however, many tunnels and subways provide connectivity via a
mobile phone), or a user moving into a cell with no capacity left over. In this case, the mobile
phone system will interrupt the connection. The reaction of TCP, even with the enhancements of
above, would be a disconnection after a time out. Quite often, the MAC layer has already noticed
connection problems, before the connection is actually interrupted from a TCP point of view.
Additionally, the MAC layer knows the real reason for the interruption and does not assume
congestion, as TCP would. The MAC layer can inform the TCP layer of an upcoming loss of
connection or that the current interruption is not caused by congestion. TCP can now stop
sending and ‘freezes’ the current state of its congestion window and further timers. If the MAC
layer notices the upcoming interruption early enough, both the mobile and correspondent host
can be informed. With a fast interruption of the wireless link, additional mechanisms in the
access point are needed to inform the correspondent host of the reason for interruption.
Otherwise, the correspondent host goes into slow start assuming congestion and finally breaks
the connection.
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As soon as the MAC layer detects connectivity again, it signals TCP that it can resume operation
at exactly the same point where it had been forced to stop. For TCP time simply does not
advance, so no timers expire.

The advantage of this approach is that it offers a way to resume TCP connections even after
longer interruptions of the connection. It is independent of any other TCP mechanism, such as
acknowledgements or sequence numbers, so it can be used together with encrypted data.

However, this scheme has some severe disadvantages. Not only does the software on the mobile
host have to be changed, to be more effective the correspondent host cannot remain unchanged.
All mechanisms rely on the capability of the MAC layer to detect future interruptions. Freezing
the state of TCP does not help in case of some encryption schemes that use timedependent
random numbers. These schemes need resynchronization after interruption.

How TCP will efficiently work on 2.5/3G network
The current internet draft for TCP over 2.5G/3G wireless networks describes a profile for

optimizing TCP over today’s and tomorrow’s wireless WANs such as GSM/GPRS, UMTS, or
cdma2000. The configuration optimizations recommended in this draft can be found in most of
today’s TCP implementations so this draft does not require an update of millions of TCP stacks.
The focus on 2.5G/3G for transport of internet data is important as already more than 1 billion
people use mobile phones and it is obvious that the mobile phone systems will also be used to
transport arbitrary internet data.
The following characteristics have to be considered when deploying applications over 2.5G/3G
wireless links:
● Data rates: While typical data rates of today’s 2.5G systems are 10-20 kbit/s uplink and 20-50
kbit/s downlink, 3G and future 2.5G systems will initially offer data rates around 64 kbit/s uplink
and 115-384 kbit/s downlink. Typically, data rates are asymmetric as it is expected that users
will download more data compared to uploading. Uploading is limited by the limited battery
power. In cellular networks, asymmetry does not exceed 3-6 times, however, considering
broadcast systems as additional distribution media (digital radio, satellite systems), asymmetry
may reach a factor of 1,000. Serious problems that may reduce throughput dramatically are
bandwidth oscillations due to dynamic resource sharing. To support multiple users within a radio
cell, a scheduler may have to repeatedly allocate and deallocate resources for each user. This
may lead to a periodic allocation and release of a high-speed channel.
● Latency: All wireless systems comprise elaborated algorithms for error correction and
protection, such as forward error correction (FEC), check summing, and interleaving. FEC and
interleaving let the round trip time (RTT) grow to several hundred milliseconds up to some
seconds. The current GPRS standard specifies an average delay of less than two seconds for the
transport class with the highest quality
●Jitter: Wireless systems suffer from large delay variations or ‘delay spikes’. Reasons for
sudden increase in the latency are: link outages due to temporal loss of radio coverage, blocking
due to high-priority traffic, or handovers. Handovers are quite often only virtually seamless with
outages reaching from some 10 ms (handover in GSM systems) to several seconds (intersystem
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handover, e.g., from a WLAN to a cellular system using Mobile IP without using additional
mechanisms such as multicasting data to multiple access points).
● Packet loss: Packets might be lost during handovers or due to corruption. Thanks to link-level
retransmissions the loss rates of 2.5G/3G systems due to corruption are relatively low (but still
orders of magnitude higher than,e.g., fiber connections!). However, recovery at the link layer
appears as jitter to the higher layers. Based on these characteristics, (Inamura, 2002) suggests the
following configuration parameters to adapt TCP to wireless environments:
● Large windows: TCP should support large enough window sizes based on the bandwidth
delay product experienced in wireless systems. With the help of the windows scale option (RFC
1323) and larger buffer sizes this can be accomplished (typical buffer size settings of 16 kbyte
are not enough). A larger initial window (more than the typical one segment) of 2 to 4 seg ments
may increase performance particularly for short transmissions (a few segments in total).
● Limited transmit: This mechanism, defined in RFC 3042 is an extension of Fast
Retransmission/Fast Recovery and is particularly useful when small amounts of data are to be
transmitted (stan dard for, e.g., web service requests).
● Large MTU: The larger the MTU (Maximum Transfer Unit) the faster TCP increases the
congestion window. Link layers fragment PDUs for trans mission anyway according to their
needs and large MTUs may be used to increase performance. MTU path discovery according to
RFC 1191 (IPv4) or RFC 1981 (IPv6) should be used to employ larger segment sizes instead of
assuming the small default MTU. Selective Acknowledgement (SACK): SACK (RFC 2018)
allows the selective retransmission of packets and is almost always beneficial compared to the
standard cumulative scheme.
● Explicit Congestion Notification (ECN): ECN as defined in RFC 3168 (Ramakrishnan,
2001) allows a receiver to inform a sender of congestion in the network by setting the ECN-Echo
flag on receiving an IP packet that has experienced congestion. This mechanism makes it easier
to distinguish packet loss due to transmission errors from packet loss due to congestion.
However, this can only be achieved when ECN capable routers are deployed in the network.
● Timestamp: TCP connections with large windows may benefit from more frequent RTT
samples provided with timestamps by adapting quicker to changing network conditions. With the
help of timestamps higher delay spikes can be tolerated by TCP without experiencing a spurious
timeout. The effect of bandwidth oscillation is also reduced.
● No header compression: As the TCP header compression mechanism according to RFC 1144
does not perform well in the presence of packet losses this mechanism should not be used.
Header compression accordingto RFC 2507 or RFC 1144 is not compatible with TCP options
such as SACK or timestamps. It is important to note that although these recommendations are
still at the draft-stage, they are already used in i-mode running over FOMA as deployed in Japan
and are part of the WAP 2.0 standard
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UNIT V - APPLICATION LAYER 

 

Explain briefly about WAP model?  

The Internet model makes it possible for a client to reach services on a large number of 

origin servers; each addressed by a unique Uniform Resource Locator (URL). The content stored 

on the servers is of various formats, but HTML is the predominant. HTML provides the content 

developer with a means to describe the appearance of a service in a flat document structure. If 

more advanced features like procedural logic are needed, then scripting languages such as 

JavaScript or VB Script may be utilised. 

The figure below shows how a WWW client request a resource stored on a web server. 

On the Internet, standard communication protocols, like HTTP and Transmission Control 

Protocol/Internet Protocol (TCP/IP) are used. 

 

 
 

The content available at the web server may be static or dynamic. Static content is 

produced once and not changed or updated very often, for example a company presentation. 

Dynamic content is needed when the information provided by the service changes more often, 

for example timetables, news, stock quotes and account information. Technologies such as 

Active Server Pages (ASP), Common Gateway Interface (CGI), and Servlets allow content to be 

generated dynamically. 

 

 

The WAP Model: 

The figure below shows the WAP programming model. Note the similarities with the 

Internet model. Without the WAP Gateway/Proxy the two models would have been practically 
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identical. WAP Gateway/Proxy is the entity that connects the wireless domain with the Internet. 

You should make a note that the request that is sent from the wireless client to the WAP 

Gateway/Proxy uses the Wireless Session Protocol (WSP). In its essence, WSP is a binary 

version of HTTP. A markup language - the Wireless Markup Language (WML) has been 

adapted to develop optimized WAP applications. In order to save valuable bandwidth in the 

wireless network, WML can be encoded into a compact binary format. Encoding WML is one of 

the tasks performed by the WAP Gateway/ proxy 

 

 
 

When it comes to actual use, WAP works as following steps. 

1. The user selects an option on their mobile device that has a URL with Wireless Markup 

language (WML) content assigned to it. 

2. The phone sends the URL request via the phone network to a WAP gateway, using the 

binary encoded WAP protocol. 

3. The gateway translates this WAP request into a conventional HTTP request for the 

specified URL, and sends it on to the Internet. 

4. The appropriate Web server picks up the HTTP request. 

5. The server processes the request, just as it would any other request. If the URL refers to a 

static WML file, the server delivers it. If a CGI script is requested, it is processed and the 

content returned as usual. 

6. The Web server adds the HTTP header to the WML content and returns it to the gateway. 
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7. The WAP gateway compiles the WML into binary form. 

8. The gateway then sends the WML response back to the phone. 

9. The phone receives the WML via the WAP protocol. The micro-browser processes the 

WML and displays the content on the screen 

 

Explain in detail about WAP protocol architecture alongside a typical Internet Protocol 

stack  

 

 
 

Application Layer 

Wireless Application Environment (WAE). This layer is of most interest to content 

developers because it contains, among other things, device specifications and the content 

development programming languages, WML and WMLScript. 

Session Layer 

Wireless Session Protocol (WSP). Unlike HTTP, WSP has been designed by the WAP 

Forum to provide fast connection suspension and reconnection. 

Transaction Layer 

Wireless Transaction Protocol (WTP). The WTP runs on top of a datagram service such 

as User Datagram Protocol (UDP) and is part of the standard suite of TCP/IP protocols used to 

provide a simplified protocol suitable for low bandwidth wireless stations. 

Security Layer 

Wireless Transport Layer Security (WTLS). WTLS incorporates security features that are 

based upon the established Transport Layer Security (TLS) protocol standard. It includes data 

integrity checks, privacy, service denial, and authentication services. 

Transport Layer 

Wireless Datagram Protocol (WDP). The WDP allows WAP to be bearer-independent by 

adapting the transport layer of the underlying bearer. The WDP presents a consistent data format 

to the higher layers of the WAP protocol stack, thereby offering the advantage of bearer 

independence to application developers. Each of these layers provides a well-defined interface to 

the layer above it. This means that the internal workings of any layer are transparent or invisible 
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to the layers above it. The layered architecture allows other applications and services to utilise 

the features provided by the WAPstack as well. This makes it possible to use the WAP-stack for 

services and applications that currently are not specified by WAP. 

The figure shows the overall WAP architecture, but also its relation to the traditional 

internet architecture for www applications. The WAP transport layer together with the bearers 

can be (roughly) compared to the services offered by TCP or UDP over IP and different media in 

the internet. If a bearer in the WAP architecture already offers IP services (e.g., GPRS, CDPD) 

then UDP is used as WDP. The TLS/SSL layer of the internet has also been adopted for the 

WAP architecture with some changes required for optimization. The functionality of the session 

and transaction layer can roughly be compared with the role of HTTP in the web architecture. 

However, HTTP does not offer all the additional mechanisms needed for efficient wireless, 

mobile access (e.g., session migration, suspend/resume). Finally, the application layer offers 

similar features as HTML and Java. Again, special formats and features optimized for the 

wireless scenario have been defined and telephony access has been added. WAP does not always 

force all applications to use the whole protocol architecture. Applications can use only a part of 

the architecture as shown in Figure For example, this means that, if an application does not 

require security but needs the reliable transport of data, it can directly use a service of the 

transaction layer. Simple applications can directly use WDP 

Different scenarios are possible for the integration of WAP components into existing 

wireless and fixed networks such as the traditional internet and the public switched tele-phone 

network (PSTN), are shown. One cannot change protocols and services of these existing 

networks so several new elements will be implemented between these networks and the WAP-

enabled wireless, mobile devices in a wireless network on the right-hand side. 

 

Write short Notes on WML? 

WML is specified as an XML document type. When designing WML, several constraints 

of wireless handheld devices had to be taken into account. First of all, the wireless link will 

always have only a very limited capacity compared to a wire. Current handheld devices have 

small displays, limited user input facilities, limited memory, and only low performance 

computational resources. While the bandwidth argument will remain for many years, it currently 

seems that the gap between mobile and fixed devices regarding processing power is getting 

narrower. Today’s CPUs in PDAs have performance figures close to desktop CPUs just a few 

years ago. WML follows a deck and card metaphor. A WML document is made up of multiple 

cards. Cards can be grouped together into a deck. A WML deck is simi lar to an HTML page, in 

that it is identified by a URL and is the unit of content transmission. A user navigates with the 

WML browser through a series of WML cards, reviews the contents, enters requested data, 

makes choices etc. The WML browser fetches decks as required from origin servers. Either these 

decks can be static files on the server or they can be dynamically generated. It is important to 

note that WML does not specify how the implementation of a WML browser has to interact with 

a user. Instead, WML describes the intent of interaction in an abstract manner. The user agent on 

a handheld device has to decide how to best present all elements of a card. This presentation 

depends much on the capabilities of the device. 
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WML includes several basic features: 

● Text and images: WML gives, as do other mark-up languages, hints how text and images can 

be presented to a user. However, the exact presentation of data to a user is up to the user agent 

running on the handheld device. WML only provides a set of mark-up elements, such as 

emphasis elements (bold, italic, etc.) for text, or tab columns for tabbing alignment. 

● User interaction: WML supports different elements for user input. 

Examples are: text entry controls for text or password entry, option selections or controls for task 

invocation. Again, the user agent is free to choose how these inputs are implemented. They could 

be bound to, e.g., physical keys, soft keys, or voice input. 

● Navigation: As with HTML browsers, WML offers a history mechanism with navigation 

through the browsing history, hyperlinks and other intercard navigation elements. 

● Context management: WML allows for saving the state between different decks without 

server interaction, i.e., variable state can last longer than a single deck, and so state can be shared 

across different decks. Cards can have parameters defined by using this state without access to 

the server over the narrow-band wireless channel. 

 

Following paragraph gives a simple example of WML 

First, a reference to XML is given where WML was derived from. Then, after the 

keyword wml the first card is defined. This first card of the deck “displays” a text after loading 

(“displaying” could also mean voice output etc.). As soon as a user activates the do element (a 

button or voice command), the user agent displays the second card. On this second card, the user 

can select one out of three pizza options. Depending on the choice of the user, PIZZA can have 

one of the values Mar, Fun, or Vul. If the user proceeds to the third card without choosing a 

pizza, the value Mar is used as default. Again, describing these options with WML does not 

automatically mean that these options are displayed as text. It could also be possible that the user 

agent reads the options through a voice output and the user answers through a voice input. WML 

only describes the intention of a choice. The third card finally outputs the value of PIZZA. 

 

Write short Notes on WML script ? 

WML Script complements to WML and provides a general scripting capability in the WAP 

architecture (WAP Forum, 2000h). While all WML content is static (after loading on the client), 

WML Script offers several capabilities not supported by WML: 

● Validity check of user input: before user input is sent to a server, WML Script can check the 

validity and save bandwidth and latency in case of an error. Otherwise, the server has to perform 

all the checks, which always includes at least one round-trip if problems occur. 

● Access to device facilities: WML Script offers functions to access hardware components and 

software functions of the device. On a phone a user could, e.g., make a phone call, access the 

address book, or send a message via the message service of the mobile phone. 

● Local user interaction: Without introducing round-trip delays, WML Script can directly and 

locally interact with a user, show messages or prompt for input. 

Only, for example, the result of several interactions could be transmitted to a server. 

Extensions to the device software: With the help of WML Script a device can be configured and 

new functionality can be added even after deployment. Users can download new software from 

vendors and, thus, upgrade their device easily. WML Script is based on JavaScript (Flanagan, 
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1997), but adapted to the wireless environment. This includes a small memory footprint of the 

simple WML Script byte code interpreter and an efficient over-the-air transport via a space 

efficient byte code. A WML Script compiler is used to generate this byte code. This compiler 

may be located in a gateway (see Figure 10.29) or the origin servers store pre-compiled WML 

Script byte code. WML Script is event-based, i.e., a script may be invoked in response to certain 

user or environment events. WML Script also has full access to the state model of WML, i.e., 

WML Script can set and read WML variables. WML Script provides many features known from 

standard programming languages such as functions, expressions, or while, if, for, return etc. 

statements. The language is weakly-typed, i.e., any variable can contain any type (such as 

integer, float, string, Boolean) - no explicit typing is necessary. WML Script provides an 

automatic conversion between different types if possible. Parameters are always passed by value 

to functions. 

 

Here is a simple example for some lines of WML Script: the function pizza_test accepts one 

value as input. The local variable taste is initialized to the string "unknown". Then the script 

checks if the input parameter pizza_type has the value "Mar". If this is the case, taste is set to 

"well... ", otherwise the script checks if the pizza_type is "Vul". If this is the case, taste is set to 

"quite hot". Finally, the current value of taste is returned as the value of the function pizza_test. 

function pizza_test(pizza_type)  

{ 

var taste = "unknown"; 

if (pizza_type = "Mar") { 

taste = "well... "; 

} 

else { 

if (pizza_type = "Vul") { 

taste = "quite hot"; 

}; 

}; 

return taste; 

}; 

 

The WMLScript compiler can compile one or more such scripts into a WMLScript 

compilation unit. A handheld wireless device can now fetch such a compilation unit using 

standard protocols with HTTP semantics, such as WSP Within a compilation unit These libraries 

provide access to the core functionality of a WAP client so they, must be available in the client’s 

scripting environment. One exception is the float library, which is optional and is only useful if a 

client can support floating-point operations. The following six libraries have been defined so far:. 

Lang: This library provides functions closely related to WMLScipt itself. Examples are isInt to 

check if a value could be converted into an integer or float to check if floating-point operations 

are supported. 

●Float: Many typical arithmetic floating-point operations are in this library (which is optional 

ascalculating the square root of a given value). 
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● String: Many string manipulation functions are in this library. Examples are well-known 

functions such as length to return the length of a string or subString to return a substring of a 

given string. Nevertheless, this library also provides more advanced functions such as find to 

find a substring within a string or squeeze to replace several consecutive whitespaces with only 

one. 

● URL: This library provides many functions for handling URLs with the syntax defined in 

Fielding 

 

<scheme>://<host>:<port>/<path>;<parameters>?< 

query>#<fragment> 

 

For example 

//www.xyz.int:8080/mypages;5;2?j=2&p=1#crd. The function getPath could now extract the 

path of this URL, i.e., "mypages", getQuery has the query part "j=2&p=1" as return value, and 

getFragment delivers the fragment used in the URL, i.e., "crd". 

● WMLBrowser: This library provides several functions typical for a browser, such as prev to 

go back one card or refresh to update the context of the user interface. The function go loads the 

content provided as parameters: 

●Dialogs: For interaction with a user, this library has been defined. An example function is 

prompt which displays a given message and prompts for user input. 

 

var my_card = 

"http://www.xyz.int/pizza 

matic/apps.dck#start"; 

var my_vars = "j=4&k=7"; 

WMLBrowser.go(my_card, my_vars); 

 

with neat sketch and explain about Wireless telephony application  

Browsing the web using the WML browser is only one application for a handheld device 

user. Say a user still wants to make phone calls and access all the features of the mobile phone 

network as with a traditional mobile phone. This is where the wireless telephony application 

(WTA), the WTA user agent), and the wireless telephony application interface WTAI come in. 

WTA is a collection of telephony specific extensions for call and feature control mechanisms, 

merging data networks and voice networks The WTA framework integrates advanced telephony 

services using a consistent user interface (e.g., the WML browser) and allows network operators 

to increase accessibility for various special services in their network. A network operator can 

reach more end-devices using WTA because this is integrated in the wireless application 

environment (WAE) which handles device-specific characteristics and environments. WTA 

should enable third-party developers as well as network operators to create network-independent 

content that accesses the basic features of the bearer network. However, most of the WTA 

functionality is reserved for the network operators for security and stability reasons.  
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WTA extends the basic WAE application model in several ways: 

● Content push: A WTA origin server can push content, i.e., WML decks or WMLScript, to the 

client. A push can take place without prior client request The content can enable, e.g., the client 

to handle new network events that were unknown before. 

● Access to telephony functions: The wireless telephony application interface (WTAI, WAP 

Forum, 2000m) provides many functions to handle telephony events (call accept, call setup, 

change of phone book entries etc.). 

● Repository for event handlers: The repository represents a persistent storage on the client for 

content required to offer WTA services. Content are either channels or resources. Examples for 

resources are WML decks, WMLScript objects, or WBMP pictures. Resources are loaded using 

WSP or are pre-installed. A channel comprises references to resources and is associated with a 

lifetime. Within this lifetime, it is guaranteed that all resources the channel points to are locally 

available in the repository. The motivation behind the repository is the necessity to react very 

quickly for time-critical events (e.g., call accept). It would take too long to load content from a 

server for this purpose.  

● Security model: Mandatory for WTA is a security model as many frauds happen with wrong 

phone numbers or faked services. WTA allows the client to only connect to trustworthy 

gateways, which then have to check if the servers providing content are authorized to send this 

content to the client. Obviously, it is not easy to define trustworthy in this context. In the 

beginning, the network operator’s gateway may be the only trusted gateway and the network 

operator may decide which servers are allowed to provide content. Three classes of libraries have 

been defined: 

● Common network services: This class contains libraries for services common to all mobile 

networks. The call control library contains, e.g., functions to set up, accept, and release calls. 

Network text contains functions to send, read, and delete text messages. Phonebook allows for 

themanipulation of the local phonebook entries (e.g. read, write, delete).Finally, the library 

miscellaneous contains, e.g., a function to indicate incoming data, e-mail, fax, or voice messages. 

● Network specific services: Libraries in this class depend on the capabilities of the mobile 

network. Additionally, this class might contain operator specific libraries. 

 Public services: This class contains libraries with publicly available functions, i.e., functions 

third-party providers may use, not just network operators. One example is “make call” to set 

up a phone call.Functions in these libraries all follow the same simple syntax 

 

Functions in these libraries all follow the same simple syntax. 

wtai://<library>/<function>;<parameters>;!<results> 

The first parameter <library> indicates the name of the library, e.g., cc for 

WTACallControl, wp for WTAPublic.  

This is followed by the function name 

<function>, e.g., 

sc for “setup call”, mc for “make call”. If required, parametersmay follow. These could be phone 

numbers etc. Finally, one or more results could be returned. These results set variables in the 

user agent context. Within a WML card, the URI for calling a certain number could now be as 

follows: 

wtai://wp/mc;07216086415 
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The same functions can also be used in WMLScript. Here calling a function follows the same 

scheme as calling any other function within WMLScript: <returnvalue> = 

functionname(parameters); The returnvalue is needed if an application requires this value for 

further operation. The functionname is again derived from the name of the library and the name 

of the function within the library. Finally, one or more values can be passed to the function. 

Finally, any network event can trigger the execution of a new service. The client has to translate 

the event into a URI which then can be processed by the WTA user agent.  For example, an 

incoming call plus required parameters may be accepted via “Accept Call” (wtai://vc/ac). 

 

Figure gives an overview of the WTA logical architecture. The components shown are not all 

mandatory in this architecture; however, firewalls or other origin servers may be useful. A 

minimal configuration could be a single server from the network operator serving all clients. The 

client is connected via a mobile network with a WTA server, other telephone networks (e.g., 

fixed PSTN), and a WAP gateway One difference between WTA servers and other servers 

besides security is the tighter control of QoS. A network operator knows (more or less precisely) 

the latency, reliability, and capacity of its mobile network and can have more control over the 

behavior of the services. Other servers, probably located in the internet, may not be able to give 

as good QoS guarantees as the network operator. 

Similarly, the WTA user agent has a very rigid and real-time context management for browsing 

the web compared to the standard WML user agent.  
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Figure shows an exemplary interaction between a WTA client, a WTA gateway, a WTA server, 

the mobile network (with probably many more servers) and a voice box server. Someone might 

leave a message on a voice box server as indicated. Without WAP, the network operator then 

typically generates an SMS indicating the new message on the voice box via a little symbol on 

the mobile phone. However, it is typically not indicated who left a message ,what messages are 

stored etc. Users have to call the voice box to check and cannot choose a particular message. 

In a WAP scenario, the voice box can induce the WTA server to generate new content for 

pushing to the client. An example could be a WML deck containing a list of callers plus length 

and priority of the calls. The server does not push this deck immediately to the client, but sends a 

push message containing a single URL to the client. A short note, e.g., “5 new calls are stored", 

could accompany the push message. The WTA gateway translates the push URL into a service 

indication (see section 10.3.11) and codes it into a more compact binary format. The WTA user 

agent then indicates that new messages are stored.  

 The gateway translates this WSP get into an HTTP 

get and the server responds with the prepared list of callers. After displaying the content, the user 

can select a voice message from the list. Each voice message in this example has an associated 

URL, which can request a certain WML card from the server. The purpose of this card is to 

prepare the client for an incoming call. As soon as the client receives the card, it waits for the 

incoming call. The call is then automatically accepted. The WTA server also signals the voice 

box system to set up a (traditional) voice connection to play the selected voice message. Setting 

up the call and accepting the call is shown using dashed lines, as these are standard interactions 

from the mobile phone network, which are not controlled by WAP. 

 

With neat sketch and explain i- mode protocol architectures. 

The i-mode service was introduced in Japan by the mobile network operator NTT 

DoCoMo in 1999. While other network operators in Japan (e.g., KDDI) use WAP, NTT 

DoCoMo decided to use its own system which is roughly based on the web protocols and content 

formats known from the www. Example services offered by i-mode are e-mail, web access (with 

certain restrictions), and picture exchange. The system soon became a big success with more 

than 30 million users only three years after its introduction. In comparison to i-mode, WAP was 

often cited as a failure, and operators outside Japan took over i-mode to partici-pate in the 

success.  If the user wants to listen to the stored messages, he or she can request a list of the 

messages. This is done with the help of the URL. A WSP get requests the  
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 Figure shows the possible mix of protocol components from different architectures. i-

mode can be based on any bearer, e.g., GPRS, PDC-P, or a UMTS data service. Typically, most 

new packet-oriented bearers offer IP services. On top of that, i-mode uses TCP with a wireless 

profile (see chapter 9) between the user equipment and the gateway. Gateways fulfill many 

purposes in the i-mode service: translation of WTCP/TCP, address translation, protection of the 

user equipment etc. However, in contrast to WAP 1.x, the gateway does not break the security 

association between user equipment and server (SSL is simply tunneledthrough). cHTML/HTTP 

is added for browsing. Protocols like IP, TCP, HTTP etc. stem from the fixed internet and 

cHTML plus proprietary tags was introduced by NTT DoCoMo. The adaptation of TCP is 

performed by the IETF, and all protocols together will be part of the WAP 2.0 architecture 

Compact HTML supports animated color pictures (GIF format), but no frames, image maps or 

style sheets. However, the supported subset of HTML is large enough to display many web 

pages from the internet. This is a bigadvantage compared to WAP 1.x, which requires pages 

written in WML. To utilize i-mode fully many pages have to be redesigned. Many portals today 

offer HTML, cHTML, and WML content for different devices. However, i-mode is more than a 

pure technology - it is primarily a businessmodel, which is independent of technology. Content 

providers share the revenue with the network provider. This makes i-mode quite attractive 

compared to the early WAP approaches which lacked any model for payment. The network 

provider bills customers; content providers get more than 80 per cent of the revenue. This model 

is independent of bearers, so, works as well with PDC-P as with,e.g., GSM/GPRS (using GPRS, 

i-mode over GSM is a lot faster than over PDC-P). 

 

Write short notes on SyncML 

A set of protocols and a markup language for synchronization of data in mobile scenarios 

is provided by the SyncML framework . The SyncML initiative is supported by companies like 
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Ericsson, IBM, Motorola, Nokia, Openwave, Panasonic, Starfish, and Symbian. SyncML 

provides vendor independent mechanisms not only for synchronization of data, but also for the 

administration of devices and applications. The WAP 2.0 framework, which is described in the 

next section, chose SyncML as a synchronization mechanism Synchronization, context of file 

systems provides a major service for mobile users. Not only e-mail sand calendar data, business 

spreadsheets, text documents, programs etc. all have to be synchronized. A common standard for 

synchronization simplifies application design and usage of synchronization mechanisms. 

SyncML enhances servers and clients with sync server agents and sync client agents 

respectively. The agents execute the synchronization protocol. The server also has a sync engine 

that is responsible for data analysis and conflict detection. The synchronization protocol may run 

over HTTP, WSP, or the object exchange protocol OBEX.  

] However, many more protocols such as SMTP or TCP/IP could be used. SyncML does 

not make many assumptions about the data structures. Each set of data must have a unique 

identifier. Clients and servers can use their individual identifiers for data sets. However, servers 

have to know the mapping between the identifiers. Clients and servers have to log changes and 

must be able to exchange these logs. Several modes are specified for synchronization. Two-way 

synchronization exchanges change logs between server and client. If, for example, a client 

crashed and has lost all change information, a special slow synchronization can be used. This 

synchronization mode first transfers all data from the client to the server. 

The server then compares all data and sends the necessary change back the client. Several 

variants of one-way synchronization are available .In this case, only one party (client or server) 

is interested in change logs. The messages exchanged for synchronization are based on XML. 

Tags have been specified to <add>, <copy>, <delete>, and <replace> data sets. Operations can 

be made <atomic> (i.e., either all or no change operations may be applied) or applied in a certain 

<sequence>. If a conflict occurs (e.g., the same data set has been changed on  the client and the 

server) SyncML does not specify a conflict resolution strategy. Instead, several 

recommendations for conflict resolution are given. Data sets can be mixed, the client may 

override server changes (or vice versa), a duplicate of the data set can be generated, or a failure 

of synchronization is signaled. These examples show that SyncML has no general solution for 

the synchronization problem. 
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