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knows to negotiate with the old AP for the forwarding of data frames.

Reusodgﬁon Response: Returned by the AP to the station to indicate
whether it is accepting this reassociation request.

« Probe Request: Used by a station to obtain information from another station
or AP. This frame is used to locate an IEEE 802.11 BSS.

« Probe Response: Response to a probe request.

» Beacon: Transmitted periodically to allow mobile stations to locate and iden-
tify a BSS.

« Announcement Traffic Indication Message: Sent by a mobile station to alert
other mobile stations that may have been in low power mode that this station has
frames buffered and wailine to be delivered to the station addressed in this frame.
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Ficure 14.9 IEEE 802.11 Activities—Physical Layer

IEEE 802.11b operates in the 2 4-GHz band at 5.5 and 11 Mbps. IEEE 802.11g also
operates in the 2.4-GHz band. at data rates up to 34 Mbps. Figure 14.9 shows the
dards developed for the physical layer. and

relationship among the various stan
Table 14.5 provides some details. We look at each of these in turn.

Original IEEE 802.11 Physical Layer
Three physical media are defined in the original 802.11 standard:
« Direct sequence spread spectrum (DSSS) operating in the 2.4-GHz ISM band.
at data rates of 1 Mbps and 2 Mbpgn the United States, the FCC (Federal

ommunications Commission) requires no licensing for the use of this band.

The number of channels available degends on the bandwidth allocated by the

various national regulatory agenci is ranees from 13 in most European

countries to just one available channel in Japan.

¢ Frequency-hopping spread spectrum (PHSS}Coperating in the 2.4-GHz ISM
band, at data rates of 1 Mbps and 2 Mbps. The number of channels available

ranges from 23 in Japan to 70 in the United States.
. ;I;gi;itf\ét 1 Mbps and 2 Mbps operating at a wavelength between 830 and
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Table 14.6 summarizes key details,

Airect Sequence Spread Spe
with a data rate of 1 Mbps or 2 M

ctrum Up to three non overlapping channels. each
bps, can be used in the DSSS scheme. Each channel

has a bandwidth of 5 MHz. The encoding scheme that is used is DBPSK (differential
binary phase shift keying) for the 1 Mbps rate and DQPSK for the 2 Mbps rate.
Recall from Chapter 6 that a DSSS system makes use of a chipping code. or
pseudonoise sequence, to spread the data rate and hence the bandwidth of the sig-
nal. For IEEE 802.11, a Barker sequence is uscd.
A Barker sequence is a binary {—1, +1} sequence {s(¢)} of length n with the
property that its autocorrelation values R(r) satisfy [R(7)| = 1forall|z| = (n - 1).
Further, the Barker property is preserved under the following transformations.

s(r) = —s(1)

as well as unde

s(r) = (=1)'s(1)

r compositions of these transformations. Only the following Barker

and

s(r) =

-s(n—1-1)

sequences are known:
n=72 ++
n=3 Tt
n= +++=
n= 4=t
p=17  Htt--t—
poes 4 AeeshicbRERE=TE
n=13 IR e e —_—

arker sequ

mapped inte

IEEE 802.11 DSSS uses the H-CIITP s, Eh
mapped into the sequence { - 4=+t

ffffff fott b
the sequence {—+~ F

~—},ande
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Fable 140 TEEE 802.11 Physical Layer Specifications
() Direct sequence spread spectrum (802.1 1,802.11h)
Chipping Cod
“hipping Code . o s
Data Rate Length Modulation Symbol Rate Bits/Symby
1 Mbps 11 (Barker sequence) DBRPSK | Msps 1
2 Mbps LI (Barker sequence) DOPSK 1 Msps 2
5.5 Mbps 8 (CCK) DOPSK 1.375 Msps 4
11 Mbps 8 (CCK) DQPSK 1.375 Msps 8
(b) Frequency hopping spread spectrum (802.11)
[ Data Rate Modulation Symbol Rate Bits/Symho)
1 Mbps Two-level GFSK 1 Msps 1
2 Mbps Fourlevel GFSK 1 Msps 2
(¢) Infrared (802.11)
Data Rate Modulation Symbol Rate Bitsfsymbol
1 Mbps 16-PPM 4 Msps 025
2 Mbps 4-PPM 4 Msps 05
(d) Orthogonal FDM (802.112a)
Coded Bits Code Bits per | Data Bits per
per OFDM OFDM
Data rate Modulation Coding Rate Subcarrier Symbol Symbol
6 Mbps BPSK 12 1 48 24
9 Mbps BPSK 3/4 1 48 36
12 Mbps QPSK 12 2 96 48
18 Mbps OPSK 34 2 96 7
24 Mbps 16-QAM 122 4 192 96
36 Mbps 16-QAM 3/ 4 192 144
48 Mbps 64-QAM 23 6 288 192
54 Mbps 64-QAM 34 6 288 216

Important characteristic of Barker scquences are their robustness against
interference and their insensitivity to multipath propagation.

Frequency-Hopping Spread Spectrum Recall from Chapter 7 that a FHSS
system makes use of a multiple channels, with the signal hopping from one channel
to another based on a pseudonoise sequence. In the case of the IEEE 802.11
scheme, 1-MHz channels are used. :

The details of the hopping scheme are adjustable. For example, the mini-
mum hop rate for the United States is 2.5 hops per second. The minimum hop
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18 a string of 16 bits. Each 16-bit string consists of fifte

0 ary L. For the 2-Mbps data rate, each group of 2 data bits is rlna d it
one of four 4-‘bl} Sequences. Each sequence consists of three 0s and ope bin: pel %ﬁo
actual transmission uses an intensity modulation scheme, in which the presencer)(rjf é sigF:

nal corresponds to a binary 1 and the absence of a si gnal corresponds to binary 0.

" 1EEE 802.11a

Ch‘unnel Structura{ IEEE 802.11a makes use of the frequency band called the
Universal Networking Tnformation Infrastructure (UNNI), which is divided into
three parts. The UNNI-1 band (5.15 to 5.25 GHz) is intended for indoor use; the
UNNI-2 band (5.25 to 5.35 GHz) can be used either indoor or outdoor, and the
UNNI-3 band (5.725 to 5.825 GHz) is for outdoor use.

IEEE 80211.a has several advantages over IEEE 802.11b/g:

TEEE 802.11a utilizes more available bandwidth than 802.1 1b/g. Each UNNI

band provides four nonoverlapping channels for a total of 12 across the allo-
cated spectrum.

IEEE 802.11a provides much highér data rates than 802.11b and the same
maximum data rate as 802.11g. T

¢ IEEE 802.11a uses a different, relatively uncluttered frequency spectrum
(5 GH%

Figure 14.10 shows the channel structure used by 802.11a. The first part of the fig-
ure indicates a transmit spectrum mask, which is defined in 802.11b as follows:” The
transmitted spectrum mask shall have a 0 f'lBr (dB relative to the Tla;&?érp Spedw,l
density of the signal) bandwidth not exceeding 18 MHz, —20 %ﬁﬁ;{ P ;sql::;ff:;
offset, ~28 dBr at 20 MFz frequency ofs Eto??fe;ﬁfrﬁiih signal shal allwithin the
and above.The transmngz:é S()}}E:ligaslpii?z‘]% mask is to constrain the spectral properties
spectral mask_.'[he purp 1 that signals in adjacent clxanne[s do not mt.cr.fen): with one
of the transmitted signal such t & els available for use in 802.11b.
another. Figures 14.10b and 14.10¢ show the 12 chann

ot daniiar
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