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/ Al increasingly important form of comm
o —ue does not fit neatly into the i

rechnique S © categories defined | i

: > in the prece hapter, as i

canbe used to transmit either analog or digital data, using 'p' Ldl‘ng e

he spread Spectrum techniqus . develope‘d sing E::] analog signal.

ot mittally for military and intelli-

gonce T-Z?;ltrgnrﬁf Ef ;;S]entlaé l_dca 18 Lo spread the information Signal{)vcr a wider

% : ed] e £ and mterceplion more difficult. The first type of spread

ectrum p own as [requency hopping.? A more recent type of spread

is di T oF fhee
spectrum is direct sequence. Both of these techniques are used in various wireless

- communications standards and products™]

Aftel_’ a brief Oyerview, we look at these two spread spectrum techniques. We

then examine a multipe access technique based on spread spectrum
B Elgure_7.20 highlights the key characteristics of any spread spectrum system.
| Tnput is fed into a channel encoder that produces an analog signal with a relatively

e T
‘narrow | andw1dth around some center frequency. This signal is further modulated
using a sequence of digits known as a spreading cade or spreading sequence. Typi-
cally, but not always, the spreading code is generated by"a pseudonoise, of pseudo-
random number, generator. The effect of this modulation is to increase significantly
the bandwidth (spread the spectrum) of the signal to be transmitted. On the receiv-
ing end, the same digit sequence is used to demodulate the spread spectrum signal.
Finally, the signal is fed into a channel decoder to recover the data. \

Several things can be gained from this apparent waste of spectrum:
veor atleeti 2

. V& . . - . . . . .
+ We can gain immunity from various kinds of noise and multipath distortion.
The earliest applications of spread spectrum were military, where it was used

for its immunity to jamming.

Unications i
ations is known ag spread spectrum. This

AL f’-‘p 6
b De- Channel [ Qutput data
—_ Ch""‘;_l Modulator Channel modulator decoder

Spreading
code

Spreading
code

Pseudonoise

Pseudonoise
generator

generator

Figure 7,99 General Model of Spread Spectrum Digital Communication System

;;P;T | i ted, believe it or not, by Hollywood screen siren
1on 2 spectru i hopping) was invented, e | , by Haollyyooe screed
ey Lamary innl]!)%ﬂantgtt{?gu:gg . %Fl)-nl:z aﬁz:l a partner who later joined her effort were g,ranl‘cd'n p:}}eni
1943 (Us Patent 2,292 38‘.‘511 Auéust 1942). Lamarr considered this her contribution to the war effor
’ﬂ o . = ¥ > L] .~ .

"d never profited from her invention.
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It can also be used for hiding and encrypting Slgn‘al;s. Onlg a recipient whe
L4 ‘I u A i " :
knows the spreading code can recover the enco‘ded in orm"t ion |

Several users can independently use the same higher bandwidth with very little
e SCVCIE SEers e

. - ications, with a tech-

sterfl is : «od in cellular telephony applica ec
srference. This property 18 USCC 20 == Ons, ‘ .

:f]i:]‘llebkl1n:\v as code division multiplexing (CDM) or code division multiple #

access (CDMA).

224 CHAPTER7

READ SPECTRUM

EREQUENCY HOPPING SE

7.6
spread spectrum (FHSS), the signal is broadcast over a

seemingly random series of radio frequencics, hopping frf)m.frequency to frf:qufm.cy
</ “at fixed intervals. A receiver, hopping between frequencies 11 synchronization with

the transmitter, picks up the messa@ Would-be ga_vssdroppers hear only unime}li_
gible blips. Attempts to jam the signal on one frequency succeed only at knocking

out a few bits of it. . Serqe)

VR At e b a4 Ve
Basic Approach
LFi ure 7.21 shows an example of a frequency hoppin
are allocated for the FH signal. Typically, there are 2k carrier frequencies forming 2*
channels. The spacing between carrier frequencies and hence the width of each
channel usually corresponds to the bandwidth of the input signal. The transmitter
operates in one channel at a time for a fixed interval; for example, the IEEE 802.11
wireless LAN standard uses a 300-ms interval, During that interval, some number of
bits (possibly a fraction of a bit, as discussed subsequently) is transmitted using
some encoding scheme. The sequence of channels used is dictated by a spreading
code. Both transmitter and receiver use the same code to tune into a sequence of
channels in synchronization,

Q_\_V-ilh frequency hopping

{ 1 «) ) \JL®]

gsignal. A number of channels

Frequency

Energy f‘ D

4 5 8 3 71 4 6 2 f:: D D
fs:l

An

o

fi- D
RN S D

5508 ] R ]
e s i fs f5 gy i ' e
Frequency
(a) Channel assignment

Figure 7.21 (b) Channel use

Frequency Hopping Example
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A typical block diagram op , .. l
e For transmissi i TCAUENEY hopping system s ‘
. . Fe ansmission, hmury datn ar Pping system is shown in

o -analog encoding scheme <1y A fed into 2 moduls S ome
Ji!}llill’tﬂ. dI‘lkl‘L':g. L, Bpsl[%; \L!I‘LII‘IL.MIL]] as lre‘lllcncy.shm . Jflul “[(:):-pémng §ufm.
snase-shift keyng (BPSH). The resulting signal 511 Gy compmb o) OF Pinary

T al ay

Fequency. A psc‘udfﬁ‘u?ise (I’N). Or pseudorandom nu::‘)hucurm:‘c::id-(.m. .Smf‘? bdq .
“ndex into a lubl&.’ol) lrciquunmcs: lllus is the Spreading code l-gg.fcrrlzh1;u“:3' db‘:lm
Each & bits Of HiE i bourc:: specilies one of the 2 carrier frequenci [’*;nA:m-J’. c)}r;
SUCCESSIve .mlcrvnl (each k PN bits), a new carrier frequency ('(!]) is ‘iC;—i;(.:lCd (:I“lhis
frequency 15 then modulalcdl by the signal produced from the initial modulator to
roduce @ NEW signal s(r) Wl_lh the same shape but now centered on the selected
carrier frequency. On T’-‘-‘CEPIIO_U. the spread Spectrum signal is demodulated using
{he same sequence of PN-derived frequencies and then demodulated to produce
the output data.

FH spreader .
R EE TS 4 Spread
Modulator | i Bandpass | spectrum
(FSK or @ 1 & | P® | filter (about | _signal
BPSK), { | sum s
A : | frequency)
: e |
! \
[ i
I | Frequency | |
: synthesizet | |
I I
| 1 1
L i
_——————m e ————— :
[ -
| [ Pseudonoise g Channel !
: bit source table i
[| e R S T ]
(a) Transmitter
FH despreader

Bandbass

Spread spectrum Demodulator
b signal filter (about (FSK or
M) difference BPSK)
§

[ frequency)

e(t)

|
l

|

|

|

|

i 1
|

Frequency :
synthesizer |
L

]

I

|

1

1

1

1

|

(b) Receiver

um System

Figure 7.2 Frequency Hopping Spread Spectr
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are multiphed Let us give 5
N enge,

als

ation scheme We ¢4 »
s

M

Ialn sl

9% yruilsicates that the v apn
are 1o L guation (1.2)]

gang NSk as the «
1“11""

1YAN)

Fhpure 7

¢ of tom thin winhs

|
ant 1 the TTHSS ayelem as

1hi ""-"\.Illj
forif <t + 1)1 (716,

a 1) \.nuftl)‘,.'”"l!“ J

whi 1

| amplitode of eignal

f base (roguency
1 for binary 0)

Jth bit of data (+ 1 for binary 1.

h, = vahu ol the

Af -~ lreguency separation

7+ it duranon; data rate = T

Thus, during the ith it interval, the frequency of the data signal s fiif the dagg y,

1 and 1, + Af if the databitas 1.
Ihe frequency synthesizer generate

amaong a set of 2* frequencics,

1Y

¢ a constant-frequency tone whose fr,
with the hopping pattern determineg h-;
quence. For simplicity, assume the duration of one hop i the
wame as the duration of one bit and we ignore phase differences between the d..[:
signal s,(1) and the spreading signal, also called a chipping signal, ¢(1). Then lh.o:
product signal during the ith hop (during the ith bit) is

plr) = sql0)elt) = A cos(2m(fy + 0.5(b; + I)Af)!)cgs(brﬁr)

quency hops
4 bits from the PN se

ncy of the signal generated by the frequency synthe.

where f; is the freque
Using the trigonometric identity® cos(x)cos(y) =

sizer during the ith hop.
(1/2) (cos(x + y) + cos(x = y)), we have

) = 0.5A[cos(2m(fy + 0.5(b; + DAf+ fi)t)
+ cos(2m(fy + 0.5(b; + 1)AS - il

A bandpass filter (Figure 7.22) is used to block the difference frequency and pas
sum frequency, vielding an FHSS signal of Caisha:

s(r) = 0.5A cos(2m(fy + 0.5(b; + 1)Af + fi))

plr

AL

‘Thus, during the sth bit interval, the fre i i [

: . quency of the data signal is fy + filf the data

bitis =1 and fy + f, + Af if the data bitis +1. ’ AT

j“"u]?‘)]u.l; ln.jc:cn'ur.‘ a sigual of the form s(r) just defined will be received. Ths
iplied by a replica of the spreading signal to yield a product signal of the form

ple) = s(ne(r) = 0.5A cos(2m(fy + 0.5(b; + DAS + f)r)cos(2mfi)
Again using the trigonometric identity, we have

- NNTAE g
See the maeth relreshe din W i A 5 (§ 5

it umcnl g i 1 i |
metnd Jdentitie Ll l"l “lhl“”ll]}:h(f””lf.‘ll.llll.:l".;‘lll']}(lﬂ.h“ﬂl l W sut wu L.
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p(t) = s(De(r) = “-25-’”00.\(

ﬁf_r :
tocoy o + ”'ﬁ”‘.‘

(2n(yf, 4 0.5(h F DAL £+ )

. 1AM
A bandpass filter (Figure 7.22) iy used to bloek

- ence frequency, vielding a sion. the sum frequency ass the dif-
ference 1 ALR gasipnal of the form of uency |ful p u‘sa!h(, dif
salt), defined in Equation (7.16):

0.254 C()S(Zn-(fh + U-S(’)I ' 1),3”’)

FHSS Using MESK

A common modulation lechnique uge
(:\lFSK)- Recall from section 7.2 th
encode the digital input L bits at
tion (7-3)]:

d in con
at MFSK
atime. The

junction with FHSS is multiple FSK
15es ;?! = 2" different frequencies to
insmitted signal is of the form [Equa-
Sit) = Acos2afy, 1< M
where .

fi=f+ @2i-1- My

fe = denotes the carrier frequency

fa = denotes the difference frequency

M = number of different signal elements = 2~

L = number of bits per signal element

For FHSS, the MFSK signal is translated to a new frequency every T, seconds
by modulating the MFSK signal with the FHSS carrier signal. The effect is to trans-
late the MFSK signal into the appropriate FHSS channel. For a data rate of R, the
duration of a bitis 7 = 1/R seconds and the duration of a signal element is T, = LT
seconds. If T, is greater than or equal to T, the spreading modulation is referred to
as slow-frequency-hop spread spectrum; otherwise it is known as fast-frequency-

hop spread spectrum.” To summarize,

Slow-frequency-hop spread spectrum T, = Tjw

Fast-frequency-hop spread spectrum T.< T, [ // ’

Figure 7.23 shows an example of slow FHSS, using the MFSK example from
Figure 7.4.Thatis, M = 4, and the same sequence of input bits is u_sed in both exam-
ples. The display in the figure shows the frequency trapsmit?ed (y-.ams) as fu_ncuon of
time (x-axis). Each column represents a time unit 7 in Vj’hl(.:h a single 2-bit signal ele-
ment is transmitted. The shaded rectangle in the column indicates the frequency trans-
mitted during that time unit. Each pair of columns correspo_nds to the selection of a
frequency band based on a 2-bit PN sequence. Thus, for thF: first pair of columns, gov-
emed by PN sequence 00, the lowest band of fr.equenaes is used. For the §f:cong pair
of columns, governed by PN sequence 11, the highest band of frequencies 1s used.

*Some authors use a somewhat different definition (e.g., [PICK82]) of "‘“{l'Fanh:fu'L‘eﬁmtgﬁfJil 'tlr[:L
quency hop, multiple bits per hop for slow frequency hop,and ane hop per A 1L PR & PR
more common definition, which we use, relates hops 10 signal clements rathe
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Frequency

Figure 7.23 - Slow-Frequency-Ho

IHOUES
Nl AT TON ¢ PINIQ
MO

CHAPTTR | {0 o

p Spread Spectrum Using MFSK (M = 4,k = 2)

Here we have M = 4, which means that four different frequencies are useqy,
encode the data input 2 bits at a time. Each signal element is a discrete frequep,
tone. and the total MFSK bandwidth is W, = Mf; We use an fHSS scheme wity
k = 2. That is, there are 4 = 2° different channels, each of width W,. The toy

"FHSS bandwidth is W, = 2%W;: Each 2 bits of the PN sequence is }Jsed to select gpe
of the four channels. That channel is held for a duration of two signal elements, g
four bits (7, = 2T, = 47).

Figure 7.24 shows an example of fast FHSS, using the same MFSK example,
Again, M = 4 and k = 2. In this case, however, each signal element is represented
by ‘two frequency tones: Again, W, = Mf; and W, = 2*W,. In this example
T, = 2T, = 2T. In general, fast FHSS provides improved performance compared to
slow FHSS in the face of noise or jamming. For example, if 3 or more frequencies
(chips) are used for each signal element, the receiver can decide which signal ele-
ment was sent on the basis of a majority of the chips being correct.

FHSS Performance Considerations

Typically, a large number of frequencies are used in FHSS that W, is much larger
than Wq. One benefit of this is that a large value of k results in a system that is quite
resistant to noise and jamming, For example, suppose we have an MFSK transmitter
with bandwidth W, and noise jammer of the same bandwidth and fixed power 5; 00

the signal carrier frequency. Then we h i : :
. : ave a ratio it to nowse
power density per Hertz of of signal energy per b

. £ _EW,
N g

/ j

If frequency hopping is used,
power, this reduces the jammij
In signal-to-noise ratio, or Pro

the jammer must jam a]) 2k frequencies. With 2 fixed

ar g | p
N& power in any one frequency band to §;2". The £
CEssing gain, jg
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MFSK 00|11 {01 |10 .
5,-,nm'l\,,_J__I [ 10|00 [10 {00 |11 |1u]uu[1u|n 11 |on | :

:_(_!__1_]' 1t o0 ¢ l)(l|ﬂ| ‘10|]1]{11%[D|PNscquencE
T F [-I-J_LC ] Input hinary

w, [ S Y B L1 ] - — data

i [y S

Fregquency
—_—
=
_+_
T
|
}
|
L)
'
I
!
(-

H.?
= k - _ 5
Gp=2 W, (7.18)
77 II)lRE_'C'I‘ SEQUENCE SPREA]};@E U1

!
i\\For direct sequence spread spectrum (DSSS), each bit in the original signal is repre-
sented by multiple bits in the transmitted signal, using a spreading code. The spread-
ing code spreads the signal across a wider frequency band in direct proportion to the
number of bits used. Therefore, a 10-bit spreading code spreads the signal across a
frequency band that is 10 times greater than a 1-bit spreading code. .
One technique for direct sequence spread spectrum is to combine the digital
information stream with the spreading code bit stream using.an exclusive-OR (XOR).

The XOR obeys the following rules: )
080=20 0ol =1 190=1 1&1=0 ‘

te that an information bit of one inverts the spread-

hile an informatlon bit of zero causes the spreading

code bits to be transmitted without inversion. The combinaﬁqn bit stream has the data -
rate of the original spreading code sequence, SO it has a wider bandwidth than the
b rasTon stia m. In this example, the spreading code bit streami 1s clocked. at four

times the information rate.!

Figure 7.25 shows an example. NO
ing code bits in the combination, .

DSSS Using BPSK

To see how this techniqu
tion scheme is to be used. R
convenient for our purpose
In that case, a BPSK signal can be repre

sfl) = Ad(r) cos(2mfer)

e works out in practice, %ume that a BPSK modula-

ather than represent binary data with 1 and {) itis more
s to use +1 and ~1 to represent the two binary digits.
sented as was shown in Equation (7.5):

(7.19)

Scanned by CamScanner



7.8 7 (¢ "
DE Dy ISNTON MU

’ ACCEsS 233
Signal enerpy
- -
T‘I 0 + ~f
(@) Spectrum of data signal
-1
7. 0 T
(b) S g
pectrum of pseudonoise signal
A
1,1 ) \ Gl
2= 1 1
( R 0 T,
(c) Spectrum of combined signal
Figure 7.28 Approximate Spectrum of Direct Sequence Spread Spectrum
Signal B
c A

28 CODE DIVISION MULTIP]

e used with spread spec-
tart with a data signal with
data rate. We break cach bit into k chips according to a

fixed pattern that is spe'c'?fib to each user, called the user’s code. The new_channel has
ider a simple exam-

achip data rate of kD chips per second. As an illustration we cons
L Je as a sequence Of 18 and —1s.

Basic Principles ( CDMA is a multiplexing techniqu
\The scheme works in the following manner.
rate D, which we call the bit

ple® with_k = 6. Tt 1s simplest O characterize a 0 ol
d C, each of which is communi-

"Figure 7.29 shows the codes for three USers, A, B,an : i
cating with the same base station receiver, R. Thus, the code mi 1is§:r1 1 >15
¢ =<1,-1,-1,1,-1,1> Similarly, user B has code g = <L L-L =LA
and ey Chasiee = <1, 1, —1.1: 1. — L=
We now consider the case of user ommunicat
base station is assumed to know A’S code. For simplicity: ¥
ric University of Brooklyn.

“This cxamone |
This example was provided by Prof. Richard Van Slyke of the Polytech!

icating with the base station. The
¢ assume that communi-
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Message " 1101" Encoded
Codle

1 1 0 ]
1 =1=11-11

User A

User B

I 1 =11 1-1

‘ | ‘ User C

Iigure 729 CDMA Example

cation is already synchronized so that the base station knows when to look for
codes. If A wants to send a 1 bit, A transmits its code as a chip patter
<1,-1,-1,1,-1,1>.1f a 0 bit is to be sent, A transmits the complement (Is and
—1s reversed) of its code, <—1,1,1,—1,1, —1>. At the base station the receiver
decodes the chip patterns. In our simple version, if the receiver R receives a chip
pattern d = <dl, d2,d3, d4, d5, d6>, and the receiver is seeking to communicate
with a user u so that it has at hand «s code, <cl, €2, ¢3, ¢4, c5, 6>, the receiver per-
forms electronically the following decoding function:

Su(d) = (d1 X c1) + (d2 x 2) + (d3 X 3) + (dd X c4)
+ (d5 X ¢5) + (d6 x c6)
_ The subscript « on S simply indicates that u is the user that we are intcrestgd
in. Lct§ suppose the user 4 is actually A and see what happens. If A sends a 1 bit
then dis <1,-1,~1,1,-1,1> and the preceding computation using S, becomes

Sall=1-1,1,-1,1) = [1 x 1+ [(=1) x (=1)] + ~1) x (~1)]
+(=1) x (-1)] +([1 ><]1.] E 6
atcorresponds 1o ¢ = <-1,1,1, -1, 1, —1>, we gel
T [ (<1)] 4 1 (<)) + (-0 X
+[1 x (=1)] + [1 x (_ﬁl)% g [((—]))]X 1] = -6

Nenge v that 1 e s hal
seCJlxc!nchcd::} T)llff,lhdl IS always the case (hat —¢ < Sa(d) = 6 no matter “lac
8 and Is comprise (, and that (he only values of d resulting "

If A sends a 0 bit th
Sa(-1,1,1, -1 1, -1)
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values of 6 and —¢

rome VATC A'S coge 4 L EACC 235
Stk s e sav the ! and g ¢

¢ ~es a Hoowe say that we haye ro. Compleme Y

product” ¢ have received a ) b © Teceived g | i hl{ L respectively, §o if Sa
gy that we 1a¥E (===l 4 1 bit from ygey A other "MAGES, produces ¢, we
~] ;s sending information or therg jg AN eppee e Vise, we )
ke i S an ¢

. clear if we « assume that sam
pecomes clear il we see

ror, K why POTIC
what |y i Y £o through all (higol:
peasOft 25 o at % We arn APPens i ygerd iy ve e g TS e
Ve it \\Illl \\l l:mi;h. W arg ‘dcmdinp‘ With the vy 15 sLm'lnw_.;md we lry to
lhn.ih*—‘“ d=<L1L-1L-11 1> They ong code, A's. If I3 sends 4
. -1,-1,1.1) = <1+
R N N R LN T

M R TR L R e R GRS

Thus, the unwanle_d signal (from B) does |
hat if B hnd. sent a 0 bit, lhe_ dc‘codcr would produyce
means that if the decndu?r 15 linear and if A
espectively. at the same ume, then S, (s, + s,
the decoder ignores B when it is using A’s cod
property that Sx(cp) = Sp(ca) = Oare called
have but there are not all that many of them:Nlore common is the case when § xley)is
small in absolute value when X' X Y. Then'it is easy to distinguish between the two
cases when X =Y and when X # Y. In our example S,(cc) = S,(cy) = 0, but
S5(cc) = SC(CB)_ = 7 .In the latter case the C signal would make a small contribution
1o the decoded signal instead of 0. Using the decoder, S, the receiver can sort out
rransmission from u even when there may be other users broadeasting in the same cell.

_Table 7.3 summarizes the example from the preceding discussion.

__In practice, the CDMA receiver can filter out the contribution from unwam'ed
users or they appear as low-level nQiﬂHowevgr, if there are many users competing
for the channel with the user the receiver is trying to listen to, orif the signal power
of ope or more competing signals is too high, perhaps because it is very near the
receiver (the “near/far” problem), the system breaks down.

10U show up at all. You can casily verify

a value of 0 for §,, againgThis
and B transmit signals S, and S,
= Sa(sa) + Sa(sp) = S,(s,) since
The codes of A and B that have the
rthogonal. Such codes are very nice to

CDMA for Direct Sequence Spread Spectrum

i i stem using BPSK.
e g CDM-A fran ﬂ}e Vlef’\’pomt o aeDnS?lieSrz each trar%smitlin:“:
Figure 7.30 depicts a configuration in which there ar ; 265 s ih
using a different, orthogonal, PN sequence (compare Flg: 1;8 .rod;ice a signal with a
data stream to be transmitted, di(t), RS mOd.Ulate d 0fgr that user, Z(r). All of
sl e multip!ie‘zb)’lt?ﬁ: prfcae?:frtligr’(s:oaitcnna‘ Suppose that thg

i ise, are received al . sne sienal is multiplie

Irt‘:z;:’%]:?ésétlt}fliﬁp?ﬁ;’o recover the data of user 1.Thc m’lc‘ﬁtn:;?czllb gfqlﬂis is mpnnr-
by the spreading code of user 1 and then demodulated. The

. ine to user 110
: Ao o signal corresponding -
row the bandwidth of that portion of the incoming Signe portiomnl {o the data rate.

onal, which is pro i >
the original bandwidth of the unsprea ; 5]‘%_3::1(1111! is orthogonal to the Spm“‘dmglm:‘tr;)f’
Becayse B the incoming s1gnaI:  the unwanted signat €ie
userdlllsi'hlhe rmialn: er cl,ifll has the bandwidthWi. Thus: thﬁ;mm :s concentrated na
r 1, that remainder s  dwidth and the wanted SIBYU B © o recover
;Zmams spmad over a la[;ge ;)d'?‘s% filter at the demodulator €t
arrow bandwidth. The bandpas
the desireq signal.
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The maost prominent specification i |

ol 1. S or wircless LANs (w i
lfi[:;- #wirz.ii ;.1,7}”;:; :f;”un We l'f‘lk firet at ‘/:'- 5 (W LA.’\‘»} Wwas d‘J\'(:JUP(:d bv the

/ standasds and then a1 the wpecilos of IEEE #0211 Overall architecture of IEEE g

o/

The architecture of 2 LAN is best describe

organize the basic functions of 2 LAN Thi i scri

ganize | C ! Sy 1S section opens with a descript;

= » . - ooz .
standardized protocol architecture for LANs, which encompasses phvsicl:]e:;on Oé'lht
AT O 7, 10 1 . .
access control, and logical link contro) layers. We then look in more det: il ¢ medium
access control and logical link control, D

din terms of a layering of protocols that

?“‘.{J[Ur ol .’“\rf'j]jtf;{:' ure

P':',j,t{mﬂ." d !:fmc‘q specif lcal‘l ¥ for LAN and MAN (metropolitan area network) trans-
mh-,rr.m address issues relating to the transmission of blocks of data over the network
In OSI terms, higher-layer protocols ( layer 3 or 4 and above) are independent of net-'
work architecture and are applicable 10 LANs MANs, and WANs. Thus. a discussion
of LAN protocols is concerned principally with lower layers of the OSI model.

Figure 14.1 relates the LAN protocols to the OSI architecture (Figure 4.3).
This architecture was developed by the IEEE 802 committee and has been adopted
by all organizations working on the specification of LAN standards. It is generally
referred to as the IEEE 802 reference model.!

Working from the bottom up. the lowest layer of the IEEE 802 reference model
corresponds to the physical layer of the OSI model and includes such functions as

+ Encoding/decoding of signals (e.g., PSK. QAM. etc.)
s Preamble generation/removal (for synchronization)
« Bit transmission/reception

In addition, the physical layer of the 802 model includes a speciﬁc;ation o-f the trans-
mission medium and the topology. Generally, this is considered "i?elow’ the lowest
lay(;r of the OSI model. However, the choice of [ransmissi_on ﬂ:lEf]lUIn and topology
is critical in LAN design,and so a specification of the medium is included. For some
of the IEEE 802 standards, the physical layer is further subdivided into sublayers. In
the case of IEEE 802.11, two sublayers are defined:
P): Defines a method of mapping
s i er convergence procedure (PLC . ' r
Phys.m":dl;’érla er pr%)tocol data units (MPDUs) into a framing _format suit-
802'1]1" : sendigg and receiving user data and management information
zz:f:vc:; two or more stations using the associated PMD sublayer

o of
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i i md ll;n [f:rll?:ﬂdeﬂf “d iving, user data through a wireless
and method O

mitting and recel
medium between two of more stations
i izati involved
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1A supporting is ¢ te provides an OVETVIEW oft .
. e document 2t ' t:joo:(oio\rsrsf;nd!;rds, including the IEEE 802 Standards Commitiee
' jon and p
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