larity and growth of cellular phones is keeping technology and business people on their
nologists are busy developing even newer technologies to offer better user experience,

nd service providers, on the other hand, are coming up with innovative applications
et a share of this market. Users today expect better quality of voice and data

Lo g : :
e on the move. Not too long ago, hardly any one would have imagined mobile phone
: for voice communication, but also for watching a video clip or as a network

5, CDMA and 3G expressly support such versatile usage.
tunities and challenges made the scientific and business community look at

nology as an option for wireless communication. Mobile phone technology
first generation analogue (using FDMA) to second generation digital
IC on is from second generation digital TDMA to third generation
s a specific modulation technique of Spread-Spectrum technology
a generic term to mean mobile networks with high bandwidth.
eration GSM (using TDMA and roaming) and also the potenlial
ing CDMA), it was quite apparent that the next generation
n of the best of these two technologies with amalgamatio?

the Spread-Spectrum technology: H?Vely()(;li

Lamarr? She was born in Vierna 18-
33, Hedy Kiesler married t ding
brik, then one of the world’s le?
ducted research in that field
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e iful that he was ob : ;
) “'nszob;zl;it;ess meetings ands ?;:Segltfié(g;g::i Hegy at his side all the time. He would take her
s Ived an education in munitions manufacturin
g2

eve band and other Nazi ;
VE" | er husban er Nazi officials th -
h rough these meetings. Hedy escaped to London in

a7 and later traveled to the US to becom
1937 B o ooy € one of the better known actresses in Hollywood.

hat MAny t Hedy L . B é
whavt(as the original patent holder of Spread—Sy e Trnua” persidlio il Wl Vet o
she }y’s CDMA (Code Division Multiple AccesISJ) CW ml AN AP Bt A P
, Wir . : M
Iﬁlecommunication—QOOO), 3G (Third Generationi o I(ElA(l}\I o (Ime'r'natl'onal i
jééﬁ;mlegy , and GPS (Global Positioning System)
t 111U ' p ) ) 2

Vit f't'he. help of an electrical ert‘gmeermg professor from MIT, Hedy Lamarr and George Antheil

m music COII‘IP(‘)Ser patented “Secrct Communication System” in 1942. Like many other grea;
og}es, the 1dea‘ Of. Secret Communication System” was ahead of its time. Electronic
chnologies were beginning to.develop and in the 1950s, engineers from Sylvania Electronic

D}Vlsmn began to experiment with the ideas in the Secret Communication System patent,
gltal components. They developed an electronic spread-spectrum system that handled
~umcatt‘ons for the US during the Cuban Missile Crisis in 1962. It was in the early
e term spread-spectrum” began to be used. Today it refers to digital communications
( a wide frequency spreading factor (much wider than typical voice telephone
ons), and are not dependent on a particular type of tonality (such as a human voice)
mitting waveform.
id-1980s, the US military declassified Spread-Spectrum technology. Immediately, the
ctor began to develop it for consumer electronics. Qualcomm was the first to use this
mmercial deployment of CDMA. 3G has been in gestation since 1992, when the
ecommunications Union (ITU) began work on a standard called IMT-2000. IMT
ional Mobile Telecommunications; the number 2000 initially had three meanings:
es should become available (year 2000), the frequency range in MHz that would

or 2 GHz), and the data rate in Kbits/sec (2000 Kbps or 2 Mbps).
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the information is modulated with a carrier signal and then
the signal is transmitted centered
¢ channel and generally has a
plete band

sion system,
1m. When transmitted, all the power of

This frequency represents a specifi
hectrum we spread the transmission power OVer the com

n signal bandwidth is much higher than the information

: i : all spread-spectrum
B iiier 1o spread; however, . ;
t ca.u“se = e the data to be transmitted is

it to spread out over

ansmit digital information.
jon stream with a pseudo
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Noise Level

H): Frequency hopping is a form of spreading in which the center
ventional carrier is altered many times within a fixed time period (like one
c udo-random list of channels.

employs a carrier that is swept over a range of frequencics
pelctrum and finds its primary application in ranging and
10d is called time hopping. In a timehopped signah
‘ ise (PN) sequence resulting in a very low duty
ount of signal spreading. =

est points of two or more spread-SPect.rE :
ally better than can be obtained Wi e
most common hybrids combi”

echniqu®®
d Spectrum
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.1 rejecting everything else X
atoB (‘i’lér SIL i irgultanzg:lsl? eacﬁs llglsg. Its z}.ll‘zll()g(wus to DSSS is when pairs spread over the
con ) Pair in a different language. The key to DSSS is to be able

s00™ the desired signal while rejecting evervihs
xtract ! g everything else as random noise. The analogy may not
at once soon becomes very loud. In general,

;06 it pecause a roornfpl of people all talking
be = | gpectrum communications is distinguishe ree k
B cecics it s ot
The bandwidth is spread by means of a cod e essary to s‘cnd the information.
9. ¢ . e, which is independent of the data.
e recetver synchronizes to the code to recover the data. The use of an ind dent code
and synchronous reception allows multiple users to ac . he s ; il 'CO
al ; cess the same frequency band at the
same time.
"1'111"0?““?’ to protect the Slgna}l,.th'e code used is pseudo-random, which makes it appear random
e being actual_ly dete_rmlmstlc, which enables the receivers to reconstruct the code for
hronous vdetectlon.. This pseudo-random code is also called pseudo-noise (PN). DSSS allows
station to transmit over the entire frequency all the time. DSSS also relaxes the assumption
ding frames are totally garbled. Instead, it assumes that multiple signals add linearly.
is commonly called Code Division Multiple Access or CDMA in short. Each station is
j a unique m-bit code. This code is called the CDMA chip sequence. To transmit a 1 bit, the
ng station sends its chip sequence, whereas to send 0, it sends the complement chip
"hus if station Ais assigned the chip sequence 00011011, it sends bit 1 by sending 00011011
s sending 11100100. Using bipolar notations, we define bit 0 as +1 and bit 1 as —1. The
tion A will now become (-1 -1 -1 +1 +1 -1 +1 +1) and 1 becomes (+1, +1, +1, -1, -1,
Figure 9.2 depicts this with 6 chips/bit (011010). For manipulation of bits, we XOR
0 2) the input bits, in bipolar notations we multiply to get the desired result:

el

ﬂjﬁa&ﬁ
&N ;

T N S
i —1 = +1
A N

i e

e chi sequence. Let us use the symbol S to indicate the m-chip vector
s negation. All chip sequences are pair-wise orthogonal, by which we
Jer product of any two distinct chip sequences, S and 7 (written as

ation. Note that if $-7= 0 then
e with itself is 1. This follows
s m. Also note that $:§ =-1. .
bipolar signals add linearly. For

ation outputs —1, the result is +2.
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' chip sequences. In this
»s whereas Figure 9.30
< cases of four stations
nly Cis transmitting
ore, we get




._ g (‘l'—lp‘l,+l,+]_’_1’+l e
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01000010 i (=Tt il £, 77,1 sols
9.3(a) SEASL AL, <1, -1, =1, 41, =1)
9.3(b)
G
. B + C Dyt gl ¥ =1 410 H e lge-Taed)
< Sz = (-2, 0, 0, 0,+2,+2, 0,-2)
A+B+C Ss = (0, 0,-2,+2, 0,-2, 0,+2)
A+B+C+0D L G TR 2 Vit TR Vit St e,
A +B+C+D Lo S el N TR T s
Bel= i(-P, =2, 0,-2, 0,-2,+4, 0)

9.3(d)

I+1+1+1+1+141) /8 =
+0+0+2+2+0+2) /8
2+2+0-2+0-2) /8

I

¥

ized inner product of the received chip
mitted) and the chip sequence of the station
that we are interested in recovering the bit
(S Sy -+ Sg) we compute the normalized
th S, we calculate the bit by summing the
f Fis 9.3(d) and then take 1/8 of the
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9.3.7 15-95 Channel Capacity

In first generation mobile networks the frequency channels were fixed and hence the capacity t0O-
This is true with GSM as well. In GSM we multiply 125 frequencies with eight time slot§ tq get
1000 channels. Therefore TDMA and FDMA capacities are bandwidth limited and hard-limited.
The capacity of CDMA has a soft limit in the sense that we can add one additional user and
tolerate a slight degradation of the signal quality. This is similar to a room full of people. Let us
assume that people are talking to each other using a loudspeaker. In such a case not many people
will get a chance to talk or to listen. However, more people can talk to each other if they converse
in low voices. Another conclusion that can be drawn from this fact is that, any reduction in the
multiple access interference converts directly and linearly into an increase in the capacity. The
capacity of a CDMA system depends on the following criteria:
" o Tbice Activity Detection (VAD): The human voice activity cycle is 35 percent. This means that

~ during a conversation people talk about 35% of the time. When users assigned to a cell are

not talking, VAD will allow all other users to benefit due to reduced mutual interference.
" Thus interference is reduced by a factor of 65 percent. CDMA is the only technology that
takes advantage of this phenomenon. It can be shown that the capacity of CDMA is increased
~ by about three times due to VAD.
» tion for Capacity: In FDMA and TDMA systems, sectoring is done to reduce the co-
nnel interference. In GSM there are in total 1000 channels distributed between multiple
erators, sectors and cells. The trunking efficiency of these systems decreases due to sectoring.
turn reduces the capacity. On the other hand, sectorization increases the capacity of
A systems. Sectoring is done by simply introducing three (similar) radio equipments in
s. The reduction in mutual interference due to this arrangement translates into a
ease in capacity (in theory). In general, any spatial isolation through the use of
multisector antennas provides an increase in the CDMA capacity.
¢ Considerations: The previous comparisons of CDMA capacity with those of
tems primarily apply to mobile satellite (single cell) systems. In the case of
ular systems, the biggest advantage of CDMA over conventional systems is
entire spectrum over all the cells since there is no concept of frequency

e hCES

g,y =5

n the frequency reuse factor).

L

pacity is about four times that of TDMA and eight times that

ds. GSM includes all the specifications
switching, and every-aspect of mobile
gle vendor (Qualcomm cdmaOne)
nplete. Though there are many claims
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t CDMA has high potential to addreg
aThese are described in Table 9.1,

£t and counter claims, it is generally believgd lth
difficult challenges of the past quite effectively.

: " Table

&

Lifaanes
i o gt s L T e L

7;9 0 MHz 1806 MHz (DCS180); 800 MHz; 1900 MH,
1900 MHz (PCS 1900)
Total 25 MHz bandwidth with Total 12 MHz with 195 MH, ‘

200 KHz per channels, 8 timeslots for the spread spectryp,
per channel with frequency hopping

13 Kbits/second 8 Kbits/sec or 13 Kbps
9.6 Kbits/second and expandable 9.6 Kbits
160 characters of text Supports 120 characters

No
erence and Used as an advantage
n to service
CDMA
Soft Handoff (handover)

Flexible and higher than GSM

Due to many technological
advantages, dimension of
investment per subscriber is
expected to be lower than GSM

: 'G-Sthlways a challenge. Typically
c This means that one in every I
ed for voice transmission. This is becals®
ometime able to detect it, our ™"
igh for data transmission
ans that one bit in @ L (:)n
tX, it requires a desigh i
CDMA protocel

i e
etween the dad ol

des functio
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et
ansport Layer: The transport layer for CDMA asynchronous data and fax is based on TCP.

_P has been modified for 1S-95.

‘Network Layer: The network layer for CDMA asynchronous data and fax services is based on
[P. The standard IP protocol has been enhanced for 1S-95.

_ ub-network Dependent Convergence Function: The SNDCF performs header compression
~ on the header of the transport and network layers. Mobile station supports Van Jacobson TCP/IP
Jeader compression algorithm. Negotiation of the parameters for header compression is carried
using IPCP (Internet Protocol Control Protocol). The SNDCF sublayer accepts the network
datagram packets from the network layer, performs header compression and passes that
am to the PPP (Point to Point Protocol) layer. In the reverse operation, it receives network
er datagrams with compressed header from the PPP layer and passes it to the network layer.

, "I.-.a,yer: This layer uses PPP. The PPP Link Control Protocol (LCP) is used for initial
ishment and for the negotiation of optional link capabilities.

IPCP LCP

PFP  : Point-to-Point Protocol

"RLP  : Radio Link Protocol

~ SNDCF : Subnetwork Dependent Convergence Function
!ﬂ.ﬂ' CP  : Transmission Control Protocol

i it

e
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. A large packet may sp, |
hannel frame A : ‘ e
thehtal:;llfnﬁeclCframe may contain multiple PPP i PI\T;
= aling via data burst message.
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een PPP packet and
A single traffic ¢
d as traffic or sigh

relationship betw
traffic channel frames.
frames may be transporte

9.5.1 Short Message Service

SMS in IS-95 is similar to SMS in GSM. Unlike G_
octets. The SMS in 1S-95 work the same wa}r assl()
& alires as in GSM. Like in GSM, the SMS in I L it
SMS administration features include storage, profiling, v

capabilities.

SM, the maximum size of a SMS in [S.95
n GSM. It supports SMPP protocol and
5 uses the signaling channel for data (,
ification of receipt and status e,

is 19
Othey
Dsfer,

quiry

9.6 THIRD GENERATION NETWORKS

The telecommunications world is changing due to trends in media convergence and indyst
consolidation. The perception of mobile phone has changed significantly over the last few years,
- More changes predicted for the future are:
e The mobile devices will be used as an integral part of our lives.
e Data (“non-voice”) usage of 3G will become important and different from the traditiong]
~ voice business.
great deal of convergence will take place between information and communication
hnology.
ook of the phone will be as important as its usage.
ommunications will be similar in its social positioning. People will have only a mobile

these challenges and opportunities, the mobile telecommunication technology needs
W 1ques, faCilitie«s and services. The 3G system will offer a plethora of
dm§ voice, multimedia, video and high speed data. With 3G mobile
changes will be brought about in the day-to-day life of the people.
: h‘ f9?1'; the third generation networks and systems. In North
Ly ¢dma2000 standards are being driven by Tele
N (L1A). Tt uses the CDMA air interface, which is based o
ard uses (Wideband Code Division Multiple ACCGS_S)
is being driven by ARIB. In Europe, Asia, Australia
UMTS and WCDMA. UMTS/WCDMA'S
om GSM/GPRS. ;
munications System) is to offer a M¢
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m;b’e;nning of 1998 six partners—ARIB (Association of Radio Industries and Businesses),

T1, TTA (Telecommunications Technology Association, Korea), ETSI in Europe, CWTS (China
Wireless Telecommunication Standard group), TTC (Telecommunication Technology Committee,
‘ Japan) started discussions to cooperate for creating a standards for a third generation mobile
‘system with a core network based on evolution for GSM and an access network based on all the
radio access technologies supported by the different partners. This project was called the Third
Generation Partnership Project (3GPP). About a year later ANSI decided to establish 3GPP2, a
3G pa;rtnership project for evolved ANSI/Telecommunications Industry Association (TIA)/
Electronics Industry Association (EIA)-41 networks. There is also a strategic group called
' International Mobile Telecommunication Union-2000 (IMT-2000) within the International
' Telecommunication Union (ITU), which focuses its work on defining interface between 3G
 networks evolved from GSM on one hand and ANSI-41 on the other, in order to enable seamless
f,roamrling between 3GPP and 3GPP2 networks. 3GPP started referring to 3G mobile system as
;.,‘,Universal Mobile Telecommunication System (UMTS). :

o Mobile-Fixed Convergence: There is a need to offer users cross-domain services. An example is
the tracking of a user’s location in the mobile, fixed and Internet domain and automatically
adapting the content of his incoming messages to SMS, voice message, fax or email. VHE
(Virtual Home Environment) is the enabler to this service portability across networks and
terminals in different domains.

e Flexible Service Architecture: By standardizing not the services themselves but the building blocks
that make up services, UMTS shortens the time for marketing services from GSM and
enhances creativity/flexibility when inventing new services.

961 International Mobile Telecommunications—2000

_mobile networks were mainly built for digital voice; data was available only over circuits. The
- major step towards packet data in the evolution to 3G occurred with the introduction of
“which came to be known as 2.5G. GPRS offered a moderate data bandwidth that was
‘ es like Wireless Application Protocol (WAP) access, Multimedia Messaging
d low bandwidth Internet. GPRS networks evolved into Enhanced Data rates
DGE) networks that offered high bandwidth packet data capable of

- it fell slightly short of 3G and is often referred to as 2.75G. Then,

known as 3G or 3rd Generation that includes
X (which was added in 2007) standards. These
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' | are
wary and pevolutionit

e-existing

MM“M#____\_\

evolutionary standards in the i
e

9( networks while they 4

a0y are both evolutio! el
mdnrdl hr backward compaﬁblc: vtuni:ll\i'( ;:;‘z; I:ncl frequency allocations. Va.ri(nfs independeyy
wary as they pequire ;C:;}Ltmd WIMAX were included because thcy fit the TMT-¢¢
‘md”d’ like Di ioned by IMT:2000 set ol standards ill(:!lll;](? wide area wireless VOoice
w&ﬁm@:ﬁ%’l:g&“ data for a mobile user. o herefr?re,h.:%l(; ll}]lt'“./i,)'rks c:nz%blo netW(n:k
offer users a wide range ol more sophistiqated S(;arvucis W lhe:it; liltml:g)&r-edlvor Networ
ah improved spectral efficiency (which is possible throuBE & 1M"F-2<)0<l;s~l{'se Of speech
sices and better data rates). Table 0.2 shows an overview o standards,
“able 9.2 Overview of 3G/IMT 2000 standards j
~ Highspeed Pre-4G Channel ~ Description Geographical |
data Duplex areas
EDGE None TDMA  Evolutionary Worldwide
Evolution upgr ade to exceptjapan and
GSM/GPRS Korea
DMA 2000 EV-DO UMB FDD Evolutionary ~ America, Asia
upgrade to and some others
cdmaOne
CDMA (1S-95)
Family of Worldwide esp.
LTE revolutionary ~ Europe and
standards. China
FDMA/  Shortrange;  Europe, USA
TDMA  standard for
cordless
phone
L&te addition Worldwide

tandards, namely Lons
technologies would be
ing characteristic feature®
of the speed requirements

erations). Therefor®
srated by valuable
es in Europe-
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9.6.2 CDMA-2000

€dma2000 is the third generation version of cdmaOne or 1S-95. The cdma2000 Radio Transmission

- Technology (RTT) is a spread spectrum, wideband radio interface. It uses CDMA technology as its

~ underlying modulation technology. cdma2000 meets the specification for ITU (International

wmmon Union) and IMT-2000. It addresses the specification for indoor, indoor-to-

rm, pedestnan and vehicular environment. cdma2000 can operate in wide range of

viz.,

~» Indoor/Outdoor picocell (< 50 meter radius;

~& Indoor/Outdoor microcell
-

( e.g., one office floor)
A up to 1 km radius; e.g., a shopping mall
- Outdoor macrocell (1-35 km radius) : R
- & Outdoor megacell ( > 35 km radius)
: _mﬂlh Local Loop (WiLL),

¥ 000 supports chip rates of N x 1.2288 Mcps (where N = 1, 3, 6, 9, 12). For N = 1, the
g is similar to 1S-95. However, for forward link QPSK modulation is used before the
* are two option for chips rate for N > 1. These are multicarrier and direct spread
e multicarrier procedures for N > 1, the modulation symbols are demultiplexed on
125 MHz carriers where N = 3, 6, 9, 12. Each of these carriers is then spread with
. For direct spread procedures for N > 1, the modulation symbols are spread on a
1 a chip rate of N x 1.2288 M chips where N = 3, 6, 9, 12.

T T B TR
3
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ficantly lower. Long-term cost benefjt
S a.re the

ts are expected to be signi
¢ environments requiring frequent moves, adds and changes;
tall Base Ratio: Wireless environment offers a higher user
hysical wire needs to be laiq ?apacity
Or eah

d network like telephone, P

s, for a cellular network the ratio between subscril,

n more. This means that if there is Capacityefrs an
or 1(y

have 2500 subscribers. Likewise in a wireles LA
S
N,

return on investment.
failure in wired network is downtime du
€10 cabe

f cable failures.

d in a variety of topologies to meet the ne

are easily changeable and rangeegs L
Om

users to full infrastructure network
S of

and life-cycle cos

. greatest in dynami
o Higher User to Ins
ratio. For example in a wire
and every subscriber. Wherea
available channel is from 10 to 25 or eve
channels, the network operator ¢an safely
the network can offer a very high level of

e Reliability: One of the common causes of
fault. WLAN is resistant to different types O

o Scalability: Wireless LANS can be configure
specific applications and installations. Configurations
peer-to-peer networks suitable for a small number of

thousands of users that allow roaming over a broad area.
tes in the unregulated ISM (Industrial Scientif
ic

e Usage oi.' ISM band: Wireless LAN opera
and Medlcal) band (2.40 GHz to 2.484 GHz, 5795 GHz to 5.850 GHz) available for
anyone. A user need not go to the government to get a license to use the wireless L:ls\je tl)y
.In

~ India 2.4 GHz band is made free for use in WLAN

oy s. The 5.7 GH i

~ as it may conflict with the C-band of satellite. i e
iFi or Wi-Fi. Wi-Fi is an acronym for Wireless

s Flfm also qommercially known as Wi
7i™ logo is a registered trademark of the Wireless Ethernet Compeatibility Allian
ce

a:;group founded by many companies that develop 802.11 based products

LAN Evolution

ment started i
el cor;izt:nLIXllfItr;:;ured way. So.me vendors started offering wireless
i, mobile devices (like laptop computers). This is
oy (ziI(laSG(.i Protocols and interfaces were proprietary.
® e and soo}’ : ndors star.te.:d offering products in this space.
o Stanfé;rfg¢rfperablllty became an issue. As IEEE is
g mal . t:‘;l (flEE assumed .the responsibility of defining
B publishiod in June 1997, All these

‘,_.llb standard in September 1999 that
ance of legitimacy. Also, standards like
Nf th. All these are second generatioIl
M 'through 802.1x Speciﬁcations an

| m?ve from one AP to another AP

e. Vertical roaming will provide
Ns will integrate with ﬂ’%rd
aries between enterprist
for seamless roamiﬂg- It
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i will extend the application of IP mobility standards. The security system is also being extended.
" These will be achieved through standards like 802.11f and 802.11i.

10.2.2 Wireless LAN Applications

There are many areas and applications of wireless LAN. Wireless LAN is best suited for dynamic
environments. Following are some of the examples.

fice/Campus Environment

N is very useful in office environments and buildings with a big campus. In big buildings or
mpuses people move between floors, rooms, indoors and outdoors. In an office environment,
| can move with his laptop to the meeting room and continue working. In a university
a student can move from the library to the cafeteria and continue working. In a hotel, a
ove to the pool and work. In a hospital, a doctor can carry the patient information with
on a regular round.

‘environments like factory shop floor, warehouse, exhibition sites, retail shops, labs,
very dynamic environments, where floor layouts change very frequently; objects
ing are constantly moving, Laying cables and setting up a wired LAN in these
e almost impossible. Wireless LAN can be very useful in such situations.

can | ﬁsed for convergence applications. These will include networking of
ke phones, computers and appliances.

may include a survey team on top of a hill or
ent site. WLAN can be very useful in civil

4 v 0 ) WL

p& ata nefsmfk» needs to be set up. In a very
)} ow, it is difficult to install a wired

AEL

:."j,,‘l"i
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10.3 IEEE 802.11 STANDARDS

i t up in Feb
The IEEE 802 committee was se . e
standard for local area networks. From time to tim

LAN domain. This includes all the layers from p?zls:;
IEEE deliberated the standards for WLAN, it wa

dle'II‘:})thSivalrznr:aI:;m&ets:cfr{zi)gies developed by researchers iy drivenby ifferep
ere we

Sy en standardized (Table 10.1). However, WiFi or IEEE, 802,11
l:r:::::;: (51111: ,nsl?)rsltl;glf)fll:rm\/\;vfgel\le;rotocol world over. When we refer t(})1 83(2)2111 or IEEE 802'11,
we generally mean the gener’, [EEE 802.11 WLAN family of s.tandargs.QTMi 2 ; 21 ZtaéndardlZatj(m
oﬁgina.lly published in 1997 with the goal to support l.Mblt/ s an 1d I Hz RF a q
infrared transmission. All others standards released following that were amen I‘I‘le,nts t? ,th1s Otiging
standard with almost all the letters from the English alphabet startmg.from a’ to ‘2’ like IEER,
802.11a, IEEE 802.11b or IEEE 802.11z. Different standards cpvered dl_fferent aspects of WLAN
like bandwidths, modulation techniques, physical media, security, roaming etc. Table 10.2 is a lig

of these standards.

1980 (that is the origin of the name)
ruary IEEE came up with different standarq, : :}}lle
], media access, and data link layer. 0

that wireless LAN will be differep; OHI;;

’éIEEEWIreless LAN Standards

aa on e Publication
~ Standard for Wireless LAN operations at data 1997
~ rates up to 2 Mbps in the 2.4-GHz Industrial,
ientific and Medical (ISM) band.
i Personal Area Network standard 2002
> Bluetooth specification, operating
z ISM band.

ccess control defines 2001

1g devices attached
to-point connection

: t Il
tworks—Specific requirements "% This

ai"LaYer (PHY) SpeCiﬁcaﬁons 'loC a]
11 set of specifications for wuelesfi S
This standard incli®®
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10.4 WIRELESS LAN ARCHITECTURE

10.4.1 Types of Wireless LAN

There are different types and flavors of w
ones are:
e 802.11: In June 19

ireless local area networks. Some of the most Popul;
T

97, the IEEE finalized the initial specification for wireless LAN: IEER
802.11. This standard specifies a 2.4 GHz frequency band wi‘th dz‘lta rate of 1 Mbps angq 9
Mbps. This standard evolved into many variations of the specification like 802.11b, 802114,
802.11g, etc., using different encoding technologies. Today these standards offer a locg] area

" network of bandwidths going up to a maximum of 54Mbps. ) ‘

o HyperLAN: HyperLan began in Europe as a specification (EN 300 652) ratified in 1996 1,,

" the ETSI Broadband Radio Access Network group. HyperLAN/1, the current version works 5

~ the 5 GHz band and offers up to 24 Mbps bandwidth. Next version HyperLAN/2 (http://

- www.hyperlan2.com) will support a bandwidth of 54 Mbps with QoS support. This will be abje
' to carry Ethernet frames, ATM cells, IP packets and support data, video, voice and image.

> 7 In 1998, the HomeRF Working Group (http://www.homerf.org) offered to provide

ry specification to offer Shared Wireless Access Protocol (SWAP). This standard will

roperability between PC and consumer electronic devices within the home. SWAP

hopping spread spectrum modulation and offers 1 Mbps and 2 Mbps at 2.4

S |

= by

th was promoted by big industry leaders like IBM, Ericsson, Intel, Lucent,
Moto;‘ola, and Toshiba. It was named after Danish king Harold
95 AD, who had a vision of a world with cocperation and

00

ad hoc mode. In an infrastructur
ccess Point (AP). This is simil
se station. Through a prOtOCOl
re 10.1 depicts a wireles*

of mobile stations form
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d as ~ndent BSS or IBSS. Whereas, i1 [phapructure moae t1e mobile sty
) &:isﬂ)hﬁex;n gg).?ltﬁgle such BSS form an Extended Service SET (ESS). The ESS
) ergckboae LAN or the distribution syster.

_ mﬁ:@}%ﬂﬂ‘.ll nomenclatures one cell or a BSS is controlled by one Base Station, 1y,

n is called Access Point or AP in short. [n some literature, access points are referre |, S bage
. : )

as Hm '

a wireless LAN may be formed by a single cell, with a single Access Py,

vill be formed by several cells, where the access points are connected throy, ;]‘ Mot
This backbone is called Distribution System or DS (Fig. 10.1). This bacﬁb S0me

and, in some cases, wireless itself (see Fig. 10.3). oy

nnected Wireless LAN, including the different cells, their respective A,

ution System, is seen as a single 802 network to the upper layers of t, ;e§5

ed Service Set (ESS). v
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M“anjes or channels (Tab}e 10.3). For Fl‘equ(‘nC)' Hopping Spread Spectrum (FHSS) there are
@W‘l& These frequen‘mes are typically “non-overlapping”. This means that they operate in
jitferent se’ctions of the radio spectrum or band. ;
“g‘s;ifﬁrhem tl‘lere are many cells, effective use of these non-overlapping frequencies are
hﬁhzfogfwmg desx,‘gj'n (see Fig. 19-4) there are four wireless cells (cells A through D). A cell is
| md)(’: Jlspace and area the‘ radio wave of a wireless LAN access point is able to cover. Cells
B oftwo ;s:é;l::;e‘;eélaf:g;ng gequ‘enCies, while cell D uses the same frequency as cell A.
Sy ough B i r)e’ eﬁecct‘:v S chlll‘ llt?t ha\{e any effect on each oLher., as long as distanc.:e
B that s device ; lle radio isolation from each other. .Radxo 1501a§0n or radio
el D This is be l&ll cel A will not be able to detect the signal transmitted by any
wmnch th th cause the air distance between two cells attenuates or weakens the radio
ich that they cannot detect the radio signal of each other.
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Popularity of Internet helped growth of new research and new business opportunities starting from
~ search engines, wikis, email, social networks, publishing and e-commerce services. Through Internet,
'enterpnses have been able to make their presence global and keep their stores open 24 hours a
' and 365 days a year. The demand in Internet forced POTS (Plain Old Telephone Service| to
ce its services into broadband. Various DSL (Digital Subscriber Line) technologies came
tence. The other revolutionary technology of recent times is cellular telephony. Nonetheless,
ed the landscape of public telephony. The services provided by the cellular operators
d to speech telephony, they include SMS (Short Message Service) and now
A e Service). Nowadays, cellular users are also able to surf the Internet,
| avail location-based services on their cellular handsets. While
ffered data services, the cable TV industry also realized the need of

s over cable.
1 of In ~et, broadba.nd cellular telephony and TV into 2

‘next genera.tlon IP—IPv6. It will offer hlgh

'NGN will offer seamless roaming not only
etwork to another type of network
(International Telecommunication
to provide services including
band, QoS-enabled transport
mderlymg transport
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21.1 ALL IN ONE—1HE CONVERGED SCENARIO

(Communications Technology). IT and CT are

o bjectives: this kes N
1 « J ) makes NGN very complex. A
Y, 1t is also called All TP Networks” or AIPN. NGN is alsroyreferrid)io irj

through the ear. However, the definition of data 1S, sometimes, a misnomer. In the context of
mathematics, it is used as a basis for reasoning, discussion or calculation. However, in the context

i of computers or IT, it can be defined as unstructured stream of bytes. When we add a context or
putastructure on data, it is converted into information. Majority of information is generally perceived
through eyes and visual means. In NGN , voice and data will converge with voice using the VoIP
technology and transmitted as data over the IP network.

21.1.2 Convergence of Wireline and Wireless

Wireline technology started with telegraph in 1832; and then, it was tglephone in 1871, Au these
were analog till electronic switches were invented. Also, the analog voice became digital with the
invention of PCM. However, all these technologies workeq over physu?al elgctromc wire, whuiih
mainly was copper. Then came fiber optic where digital data is converted into light and tragsmlgtle ;
Fiber allows a higher level of concentration and mulﬁplgxmg. However, 'al;lthesg—be wllt'] iir}l1 a(;g
voice or digitized data, over copper or fiber are transmitted over a physical media—

termed as fixedline or wireline. - : e A e e
Y : io in 1901, voice went wireless. e wireline, i g
WIFh i dlscovilr)" Og: (eii:clgo-magnetic spectrum that is used for radio transmission. In ;gilirn:-’
WP fised banid in . ted to a particular destination and can be changed bx TOVIREAEY y
a transmission can be pointed to a p a signal over radio in all directions.

. mittin
however, in wireless it functions in broadcast mode trans g

issi dio station with multiple
Radi ith si transmission where there was a ra .
e g r?oo czl(lel;lfex mode of transmission with walky-talkies. The frequency

cept led to the deve opment ot cellu phony. lephony matured from
t led to the d f cellular telephony. The cellular telephony : t
g alogue AMPIS to 2“dtgeneration GSM. Then it moved to 2.5 generation GPRS to

P TS and IMT-2000. . ' ng thefrés
ion technologies l1ke_ UM ! lications and services. These were using th -
a-IS(:i})eilI:g tried alsn I“‘S‘l’\in;;yng.f ?S)R'I band is unlicensed and free. This motivate
generally known & : i
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»I,Tg;sea.rchers and enterprises to come up with wireless LAN (Local Area Network), that is commonly
known as WiFi. The pressure on bandwidth kept on increasing leading to the introduction of
,r_!n_@adband wireless commonly known as Worldwide interoperability for Microwave Access
~ In NGN wireline and wireless will converge. Both data and voice will be carried over wireline
and wireless. However, the backbone transmission will continue to remain wireline. There will not

be any functional differentiation between an Internet service provider, mobile service provider, or
long-distance carriers.

we establish an end-to-end channel for communication. This channel is reserved for a
of time irrespective of whether the channel is carrying any traffic. Also, in a circuit, the user
pay for the period the channel is reserved. Circuits ensure a predictable quality of service
lowever, in case of packets a communication channel is shared by many packets that may
erent source and destination. Packet switching technology is subject to delay, latency,
s. Any service that demands for QoS preferably should to be over circuit; on contrast
that can withstand delay can be over packets. Data transmission is well suited for
NG N, circuit switching and packet switching will converge—circuit switched

> of IT and CT

] ce between telecommunication and IT happened in 1965

g communication closer to computers. The
Berners Lee in 1989 as a text processing

towards an information based society. ICT
' dge from anywhere at any time.

nce. These devices were connected to
r, respectively. Convergence of IT and

etwork devices. We mentioned that
jects are created using IT. The

'OT

ks, but rather, allow

i 7.
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concerned about which network is being connected to. Today’s phone subscribers may be more
interested in voice than data services; however, tomorrow priorities may change, with functions
like groupware, collaboration, and videoconferencing making an important difference, particularly
to road warriors and telecommuters. The incorporation of RFID technology into phones are helping

a phone to transform into an electronic wallet that will help payments at fast food drive-ins retail

stores and other venues.

21.1.5 Convergence of OSS and BSS

Traditionally networks are managed through some NMS (Network Management Systems). When
these networks are too large like telecommunications networks, where network elements are in
hundreds of thousands, it is not sufficient to have simple NMSs. These complex networks need
manager of managers that are called OSS (Operations Support Systems) that manage networks
through NOC (Networks Operations Centers). OSS systems do the management of the services
that a network offers. OSS systems manages operations functions like FCAPS (Fault, Configuration,
Accounting, Performance, Security) combined with inventory, and Trouble Ticketing

While OSS manages the operation, BSS (Business Support System) manages the financial side
of the business i.e., the billing, accounting, and revenue of the network operator. Fraud management
and churn management also fall within the domain of BSS. BSS also offers the Customer Care

interface with products, contracts, and sales.
Traditionally these two systems were asynchronous and used to be run as two independent

systems in a network. However, the need of NGN will change all these; OSS and BSS systems will
converge where they not only interact real-time, they need to make instant decisions on services

related to content.

21.2 NARROWBAND TO BROADBAND

Multimedia is changing the communications scenario. Users want various contents over unified
- bearers and devices. This demands higher bandwidth compared to simple data. This is now possible
through cable modem, DSL, fixed wireless, satellite or other means. While DSL and Cable Modem
do not offer mobility, other wireless technologies offer mobility at slow speed to vehicular state. A
single broadband connection can accommodate multiple users simultaneously. More often, it can
be left in a stand-by mode as a “Always on” network. Unlike traditional wireline telephony.

broadband communications do not require distinct call lengths that can be metered for billing and
signaling purposes.
21.2.1 DSL (Digital Subscriber Line) Broadband Networks

DSL is a family of technologies that provide data services over the wires of a local telephone
network. DSL can be asynchronous and synchronous. In asynchronous DSL (ADSL) the bandwidth
for download is higher that upload. These are quite suitable for Internet access or TV over IP
network where the traffic pattern is asymmetric with small number of bytes for upload and a large
~ number of bytes for download. However, for interractive services or VoIP, the traffic load in both
- upload and download are of similar order. For these types of services synchronous DSL (SDSL)
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4.4 kHz bandwidth, However, the copper

re suitable. In a fixedline telephone voice requires j
il 4 s ncies well beyond the 3.4 kHz upper

wire that is used for local loop is capable of carrying freque oo '
limi¢ of POTS, Depending on the length and quality of the loop, the upper limit can be tens of
ertzs. DSL takes advantage of this unused bandwidth of the local loop. A DSL uses
ncies beyond our audible limits, voice and data connection can Oper ate simultaneously

~ without interference. This means that while data exchange is in progress, one can use the telephone

“converse with others without interference. Typically, the download spl(;:ed of consumer DSL

ices ranges from 256 kilobits per second (kbit/s) to 24,000 kbit/s, depending on D5T technology,

conditions and service level implemented. Other DSL technologies like HDSL (High bit-rate
al Subscriber line) offer much higher bandwidth.

WiMAX Broadband Wireless Networks

X deployments do not cater for handoff between Base Stations, therefore the
nnot offer mobility. Mobile WiMAX on contrast offers a handoff that can be
h fixed and mobile services. With a line-of-sight environment with a portable
evice, bandwidth can be expected around 10 Mbit/s over a 10 km radius.
they may not have line-of-sight; therefore, users of WiMAX
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21.2.4 WiBro

WiBro or Wireless Broadband is the South Korean name for IEEE 802.16e (mobile WiMAX)

- standard. The base stations in WiBro would offer an aggregate data throughput from 30 to 50
Mbit/s while covering a radius of 1-5 km for the use of Internet. It can, actually, provide mobility

for moving devices up to 120 km/h (74.5 miles/h) compared to Wireless LAN (WLAN) which

- provides mobility up to walking speed. WiBro does so by adapting Time Division Duplexing

~ (TDD) and OFDMA while using 8.75 MHz as channel bandwidth. :

L\.

, ALL IP AND B3G NETWORK

have mentioned that according to ITU NGN is defined as a packet-based network able to
_Lgé,rious telecommunications and data services. NGN is also called Beyond 3G (B3G)
"The B3G network architectures will evolve to include a much wider range of users,
and economic deployment. 4G (again, also known as Beyond 3G is an acronym for

on Communications system to identify the next step in wireless communications.
d consensus on what a “Beyond 3G network”, will look like; but, as far as the

II-IP based network infrastructure”.

s technologies (i.e., PSTN, UTRAN, Ad-hoc, WLANs, WiMAX,
smoger eous and heterogeneous wireless access technologies.
t suitable to support fast mobile users that may access a

stics.

e

AAA protocols that allow inter-
s wireless access network used.

etermine QoS, accounting, and billing
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~ increasingly being used. Some services that use OFDM today are: DSL, WIMAX, DAB (Digita]
- Audio Broadcast), DVB (Digital Audio Broadcast), 3GPP LTE (3GPP Long Term Evolution), etc.
~ OFDM transmission scheme is an optimal version of the multi-carrier data transmission scheme.
OFDM is based on the principle of spreading the data to be transmitted over a large number of
s when each of them is being modulated at a low rate. The carriers are made orthogonal
other by appropriately choosing the frequency spacing between them. Orthogonality helps
n elimination of cross-talk between the sub-channels and the use of inter-carrier guard bands
ugh the sidebands from each carrier channel overlaps, they can still be received withoyt
erference as they are orthogonal in position among each other. This is achieved by putting the
~ carrier spacing equal to the reciprocal of the symbol period. Figure 21.1 depicts an OFDM spectrum,
The data to be transmitted on an OFDM signal is spread across the carriers of the signal wherein
r takes part of the payload. This immensely reduces the data rate taken by each carrier,
cted by adding a guard band time or guard interval into the system. This makes sure
umpled only when the signal is stable and no new delayed signals arrive that would

closely-spaced
carriers

of carriers in the OFDM signal has some significant

interference on a given frequency only affect a

eceived correctly. Further, error coding

reconstructed within the receiver. The

1g each carrier to direct current. The

1e data from that carrier. The

'  to the reciprocal

bol period and
" the OFD
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21.5 FAMA/DAMA

In order to resolve medium access control issues, the Fixed Assignment Multiple Access (FAMA)
protocol was proposed. The applications of FAMA protocol are characterized by the assignment
of capacity in a fixed manner amongst multiple stations. Irrespective of the fluctuating demands
(of stations), the stations are assigned a fixed channel capacity. However, this results in significant
underuse of the overall available capacity.

FAMA protocols can be in of different flavors such as Time Division Multiple Access (TDMA),
Frequency Division Multiple Access (FDMA), Code Division Multiple Access (CDMA) or Space
Division Multiple Access (SDMA). However, all such FAMA flavored protocols assign a static
portion which can be in terms of time, frequency, code or space, of the overall link capacity to
different stations. That is the assignment of resources are fixed and do not change according to
station traffic patterns. The major benefit of FAMA based protocols is they can provide bounds for
delay performance which become of paramount importance in real-time applications. However,
following are some potential drawbacks:

e It is difficult to configure FAMA protocols when a new station comes in or moves out of a

network system.

e The schemes of tuning FAMA flavored protocols (like TDMA, FDMA and Multi-Frequency

TDMA) are labor intensive and unscalable.
e It is difficult to implement FAMA based protocols in a distributed mode.

Improvement over FAMA protocols, Demand Assignment Multiple Access (DAMA) protocols
have capacity assignment in a manner that optimally respond to demands from/amongst multiple
stations. DAMA protocols assign channels to stations based on the traffic information in the network.
The assignment of channels is achieved through reservation or polling techniques so that each
station can express their interest in using the channel for transmission based on its own traffic
information. Such a process differs for different flavors of DAMA protocols. The reservation process
can take place either in the primary communication channel or in a separate signaling channel
depending upon the actual protocol. DAMA protocols can be collision free, in which each station
will be assigned a fixed reservation slot, or it can be collision based, in which each station needs to
compete with other stations when transmitting requests. Polling techniques can be used to decide
which station should get the right of transmission over a certain channel during a certain time
period as polling is naturally suited to networks with a centralized base station.

21.6 MuLTI PROTOCOL LABEL SWITCHING (MPLS)

a connectionless network layer protocol like IP travels from one router to the next,
an .ndent forwarding decision for that packet. A smarter routing is essential
cient routing of packets in a converged network where there are
hed networks and packet switched networks. Multiprotocol Label
in RFC 3031 (Multiprotocol Label Switching Architecture), does
an OSI Model layer that is generally considered to lie between
data link layer) and Layer 3 (network layer) to perform smarter

red to as a “Layer 2.5” protocol.
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MPLS is a packet forwarding technology which makes the use of labels f(?r dlalt;a iorwardmg
decisions. It provides a unified data carriage service for different traffic $AREONIES IRC g pcken,
frames of ATM and SONET, etc. Such a model facilitates MPLS to be FgEppc mOdel. for both,
Qu’cuit switched and packet switched data. The MPLS working gr KER aEne i standarFixze  base
technology which can combine the use of label swapping in the forwarding component with network

layer routing in the control component and thus, provisioning: : ;
e MPLS to run over any link layer technology while supporting both unicast and multicast
~traffic flows.

e MPLS to be scalable enough to support Internet growth while being compatible with the
~ LETF Integrated Services Model and its related protocols.

- ® MPLS to support current IP network operations.

mg from the family of IETF, MPLS initiates assignment and distribution of label bindings
or the establishment of Label Switched Paths (LSPs). LSPs can be created by concatenating one or
label switched hops which, in turn, provision a packet to be forwarded from one Label
- Switching Router (LSR) to another LSR across the whole MPLS domain. MPLS defines standard
~ based IP signaling and label distribution protocols along with extensions to existing protocols,
his helps multi-vendor interoperability. With MPLS, the network layer header analysis is done
cket enters its domain and this label inspection drives subsequent packet forwarding
e whole of domam Figure 21.2 depicts an overview of MPLS functioning.
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an just destination-based

supporting more th
. y provided by

outing mechanisms b '
new services that can not be easil

MPLS offers enhanced r
forwarding which makes it permit ISPs to deliver

conventional IP routing techniques.

21.7 WIRELESS ASYNCHRONOUS TRANSFER MODE

ansfer Mode (WATM) adds up the mobility advantages to the ones

provided by ATM networks. The mobility aspect forces a decoupling of the normal mapping of
node and switch port. In Wireless ATM, a wireless access point connects the set of wireless nodes
le port of ATM switch. As it is known, ATM technology offers speed,

while servicing on a sing
scalability, multimedia integration and uniform API features with good cost performance. To develop

WATM, the following are needed:

e Protocol extensions to support mobility within an ATM infrastructure.

o Radio access technology necessary for seamless delivery of ATM services to mobile terminals.

: According to the WATM working group charter WATM “specification will include both mobile
ATM extensions for mobility support within an ATM network as well as radio access layer for
A M—bqsed v;r'i’feless access. The WATM specifications are intended for use in networks involving
terminal mobility and/or radio access, and will be designed for compatibility with ATM equipment
ng to the en) current ATM Forum specification”.
‘ ty protocols are incorporated into standard ATM stack keeping the following

Wireless Asynchronous Tr

basm unit in both wireless and backbone.

rvices at transport interface.

1 access and data link control for wireless segment.

ns to ATM s1gnaltng handoff and location management.







