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physical representation of data
function of time and location
classification
continuous time/discrete time
continuous values/discrete values
analog signal = continuous time and continuous values
digital signal = discrete time and discrete values
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¥ ¥
g(t) = %c + asin@mf)+ b cosEonft
n=1

n=1
1 1
0 . ) 0
t Wt

ideal periodic signal real composition
(based on harmonics)

* Digital signals(sequence of 0 & 1) need:
« infinite frequencies for perfect transmission
» modulation with acarrier signafor transmission

4

O

c.yu9l@csuohio.ed




Propagation in free space always like light (straigta)lin

Receiving power proportional to 1/dfee space loss (path loss)
(d = distance between sender and receiver)

Receiving power additionally influenced by

|

shadowing reflection scattering  diffraction

Multipath propagation : Signal can take many different pagtaeen
sender and receiver, which makes the correct comficudlif

5
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Fading: rapid fluctuation of the amplitude of a radio signal over a
short period of time or travel distance

TX

Y

Rx

* Fading

» Varying doppler shifts on different multipath signals
» Time dispersion (causing inter symbol interference)

Effects of multipath

6
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Unwanted signals added to the message signal

May be due to signals generated by natural phenomena such
as lightning or man-made sources, including transmittiinly an
receiving equipment as well as spark plugs in passing cars,
wiring in thermostats, etc.

Sometimes modeled in the aggregate as a random signal in
which power is distributed uniformly across all frequencies
(white noise)

Signal-to-noise ratio (SNR) often used as a metribén
assessment of channel quality

7
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Signals generated by communications devices
operating at roughly the same frequencies may
interfere with one another

Example: IEEE 802.11b and Bluetooth devices,
microwave ovens, some cordless phones

CDMA systems (many of today’'s mobile wireless
systems) are typically interference-constrained

Signal to interference and noise ratio (SINR) is
another metric used in assessment of channel qualit

8
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Short Term Fading

Mean Path Loss

Signal Level (dB)

Distance (dB)

c.yu9l@csuohio.ed

Strength of the signal decreases with distance
between transmitter and receiver: path loss

Usually assumed inversely proportional to distance to the
power of 2.5t0 5

Slow fading (shadowing) is caused by large
obstructions between transmitter and receiver

Fast fading is caused by scatterers in the vicinity of
the transmitter

10

O

c.yu9l@csuohio.ed

O




A diversity scheme extracts information from
multiple signals transmitted over different fading
paths

Appropriate combining of these signals will reduce
severity of fading and improve reliability of
transmission

In space diversity, antennas are sepfarated by at leagt
half a wavelength '
Other forms of diversity also possible ..

Polarization, frequency, time diversity
11
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packets A
. N

D

If A and B simultaneously transmit to C over the sam
channel, C will not be able to correctly decode
received information: a collision will occur

Need for medium access control mechanisms to
establish what to do in this case (also, to maximize

aggregate utilization of available capacity)
c.yu91@csuohio.ed
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Figure from
Kurose & Ross

Destination address not equal to destination location

Addressing and routing must be taken care of to
enable mobility

Can be done automatically through handoff or may

require explicit registration by the mobile in the
visited network

Resource management and QoS are directly affected

by route Changes c.yu91@csuohio.ed
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% !
100B .
$100B dB =10 log (times)
1011
10,000 times 10,000 * 1,000 times
et 40 dB = 10,000,000 times
worth
40dB + 30 dB
= 70dB
107 Y ... %10M
1,000 times
> Ra N | S10K
&
Bill Steve Grad
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100 dB =10 log (f-l-)
10t P,
Powe
Path loss from source to d2 = 70dB
103 1mw
10,000 times 1,000 times
10 40 dB 30dB 1nwW
""""" g <———————————>’
source di d2
15
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10w =40dBm dBm = 10 log (--EL_)
10t 1mw
+ 10,000 times
Powe
103 ¥t AmW =0dBm
- 1,000 times
1nW = -30dBm
] B B
10 y 4
source di d2
16

c.yu91@csuohio.ed

O




Transmission range
communication possible
low error rate

Detection range
detection of the signal
possible (carrier sense)
no communication
possible

Interference range
signal may not be
detected
signal adds to the
background noise

detection

17

distance
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Signal power is attenuated
as 1/d within the “reference distance”
as 1/d outside the reference distance

Reference distance
100 meters for outdoor low-gain antennas 1.5
meters above the ground place operating in
1-2GHZ band
Free space moduiithin the distance
(no matter exists between the sender and the
receiver)
Ground reflection modeutside the distance

10m
20

100m

200m

100
25

.06

Longer radio range requires
much stronger power !!!

18
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“capture”

The power level of a received packet is compared to tluesa

Regarded as a valid
packet and passe(ﬂ If the receiver is not idl¢ (conflict)
. up to the MAC layer
Receive_|_
threshold -when the power level of the
packet being received is at least
Regarded as packet 10dB greater than that of a new
) In error packet, discard the new packet
Carrier
th?::rféeld-- _ _ - otherwise, it is &ollisiori and
Discarded as a noise both packets are dropped

19
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]
In the woods,
Aggressive - A lion considersafer,
- attack - In other words, the Escape
Critical .
; —t distance becomes shorter

Distance

Escape
Escape _|
Distance

Ignore

, JE
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In the woods,
Aggressive - A lion considersafer,
- attack - In other words, the Escape
Critical .
; — distance becomes shorter
Distance
Escape - A hunter approaches closer
Escape 7" than possible
Distance: - The lion all of a sudden finds
: him within the Critical distance
-And it..
Ignore

21
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18.1 Free space model

The free space propagation model assumes the ideal propagation condition that there is only one clear line-of-sight path
between the transmitter and receiver. H. T, Friis presented the following equation to calculate the received signal power in

free space at distance  from the transmitter [12].

i ol (18.1)

Fid) W@I

where F; is the transmitted signal power. &, and &, are the antenna gains of the transmitter and the receiver respectively.
LiL = 1) is the system loss, and A is the wavelength, It is common to select 7, = G- = Land L = 1inas simulations.

18.2 Two-ray ground refkction model

A single line-of-sight path between two mobile nodes is seldom the only means of propation. The two-ray ground reflection
model considers both the direct path and a ground reflection path. It is shown [29] that this model gives more accurate
prediction at a long distance than the free space model. The received power at distance d is predicted by

PGG A0

Pid) = =G —— (18.2)

where hy and fi- are the heights of the transmit and receive antennas respectively. Note that the original equation in [29]
assumes L = 1. To be consistent with the free space model, L is added here,

22

c.yu9l@csuohio.ed

O

O

11



18.3 Shadowing model

The shadowing model consists of two ])url.s‘l The first on:] is known as path loss model, which also predicts the mean received
power at distance d. denoted by P.(d). It uses a close-1n distance dy as a reference. P, (d) is computed relative to P, (dy) as
follows.

B(d a\”?
Lld) _ (—) (18.4)

3 1s called the path loss exponent, and 1s usually empirically determined by field measurement. From Eqn. (18.1) we know that
3 = 2 for free space propagation. Table 18.1 gives some typical values of 4. Larger values correspond to more obstructions
and hence faster decrease in average received power as distance becomes larger. P, (dp) can be computed from Eqn. (18.1).

The path loss is usually measured in dB. So from Eqn. (18.4) we have

P (d)

d
C t0s1e (2 -
YT 115105(%) (18.5)

dB

The second part of the shadowing model reflects the variation of the received power at certain distance. Tt is a log-normal

random varable, that s, it 1s of Gaussian distribution 1f measured in dB. The overall shadowing model 1s represented by

[ L.(d)
P.(do)

d . \
] = —1031log (— + Xap (18.6)
\ dB do
where X;p is a Gaussian random variable with zero mean and standard deviation o45. a4 is called the shadowing deviation,
and is also obtained by measurement. Table 18.2 shows some typical values of o ;5. Eqn. (18.6)1s also known as a log-normal
shadowing model.
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Environment 8
Outdoor Free space 2
Shadowed urban area 27105
In building | Line-of-sight L6to 1.8
Obstructed 4106

Table 18.1: Some typical values of path loss exponent 3

Environment oap (dB)
Outdoor 41012
Office, hard partition 7
Office, soft partition 9.6
Factory, line-of-sight 3to6
Factory, obstructed 6.8

Table 18.2: Some typical values of shadowing deviation o,p

# first set values of shadowing model

Propagation/Shadowing set pathlossExp 2.0 ;# path loss exponent
Propagation/Shadowing set std db 4.0 i# shadowing deviation (dB)
Propagation/Shadowing set dist0 1.0 ;# reference distance (m)
Propagation/Shadowing set seed 0 ;# seed for RNG

24
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Broadcast TV
* VHF: 54 to 88 MHz, 174 to 216 MHz
* UHF: 470 to 806 MHz

=

I I I g

30 MHz - 300 MHz 3 GHz 30 GHz

i =
U T
£
W W

Digital TV
* 54 to 88 MHz, 174 to 216 MHz, 470 to 806 MHz

25
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\ + 3G Broadband Wireless
v * 746-794 MHz, 1.7-1.85 GHz,
2.5-2.7 GHz

I I I g

30 MHz 300 MHz 3 GHz 30 GHz

Cellular Phone -
» 800-900 MHz -

Personal Communication Service (PCS)
»1.85-1.99 GHz

26
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Wireless LAN = Wireless LAN

(IEEE 802.11b/g) (IEEE 802.11a)

2.4 GHz *5GHz

| | | I
30 MHz 300 MHz 3 GHz 30 GHz
Bluetooth Local Multipoint Distribution
*2.45GHz Services (LMDS) :
¢ 27.5-31.3 GHz
27
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| =c/f, Il::wavelength,

| ¢ @BXx1Cm/s: speed of light, f: frequency Thus, stronger transmission power

Simplified path loss model:
L = Pr/Pt = K/fd?, where
Pt: transmission power,

Pr: local mean received signal powg
d: distance, f: carrier frequency,
a=2(free space),£a£4 (typical env.)
With smaller f, more path loss

=

t[\’/i\;i?ted coax cable optical transmission
[ [ [ [ \ \ \ \ |,
I T ]
1 Mm 10 km 100 m im 10 mm 100 nm 1mm

300 Hz ‘ 30 kHz ‘ 3 N‘IHZ ‘ 300 MHz ‘ 30 GHz 3 'I"Hz 300 THz
W oL o Jo | RN
VLF LF MF HF VHF UHF SHF EHF infrared visible light uv

Radio:Tx Power ~500KW TV: Mobile: Tx Power ~1W

520-1605.5KHz (AM)
5.9-26.1MHz (SW)
87.5-108MHz (FM)

174-230MHz (VHF)
470-790MHZ (UHF)
470-862MHz (Digital)

28

850-865MHz (AMPS)
890-960MHz (GSM)
1710-1880MHz (GSM)
1880-1900MHz (DECT)
* Very crowded
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twisted coax cable optical transmission

pair
\ \ \ [ \ \ \ \ \
{ T T T ] I
1Mm 10 km 100 m Im 10 mm 100 mm 1mm
300 Hz ‘ 30 kHz ‘ 3 N‘lHZ ‘ 300 MHz ‘ 30 GHz ‘ 3 'I"Hz 300 THz ‘
N | | | | | 1 e ]
VLF LF MF HF VHF UHF SHF EHF infrared visible light uv
Wireless LANs: Tx Power ~10-100mW IR communication: Not reliable
2.4GHz (802.11b) 350THz (900nm) But very useful with
2.4GHz (802.119) human built-in receivers (??7?)
2.4GHz (Bluetooth) Tx or Rx power (??7?)
5.2GHZ (802.11a) Bandwidth (??7?)

5.2GHz (HIPERLAN)
* Unlicensed ISM Band

29
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UN'’s sub-organization, ITU (International Telecommaaricns Union)
regulates the use of frequency bands

ITU's radio communication sector (ITU-R) holds auctdar new
frequencies, manages frequency bands worldwide

Discusses periodically at WRC (World Radio Conferences)

Each country has its own agency
USA’'s FCC (Federal Communications Commission)

30
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Europe USA Japan
Mobile NMT 453-457MHz, | AMPS, TDMA, CDMA PDC
phones 463-467 MHz; 824-849 MHz, 810-826 MHz,
GSM 890-915 MHz, | 869-894 MHz; 940-956 MHz;
935-960 MHz; TDMA, CDMA, GSM 1429-1465 MHz,
1710-1785 MHz, 1850-1910 MHz, 1477-1513 MHz
1805-1880 MHz 1930-1990 MHz;
Cordless CT1+ 885-887 MHz, | PACS 1850-1910 MHz, PHS
telephones | 930-932 MHz; 1930-1990 MHz 1895-1918 MHz
CT2 PACS-UB 1910-1930 MHz |JCT
864-868 MHz 254-380 MHz
DECT
1880-1900 MHz
Wireless IEEE 802.11 IEEE 802.11 IEEE 802.11
LANSs 2400-2483 MHz 2400-2483 MHz 2471-2497 MHz
HIPERLAN 1
5176-5270 MHz
31
c.yu91@csuohio.ed
I 33cm 12cm 5cm
26 Mhz 83.5 Mhz 125 Mhz
b e— —
902 Mhz 2.4 Ghz 5.725 Ghz ‘
928 Mhz 2.4835 Ghz 5.785 Ghz
cordless phones 802.11 unused
baby monitors Bluetooth

Wireless LANs

Microwave oven

32
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Spread spectrum signals are distributed over a wide
range of frequencies and then collected back at the
receiver
These wideband signals are noise-like and hence difficult
to detect or interfere with
Initially adopted in military applications, for its
resistance to jamming and difficulty of interception

More recently, adopted in commercial wireless
communications

33
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Problem of radio transmission: frequency depentilihg can wipe out narrow band signals
for duration of the interference

Solution: spread the narrow band signal into a éfmend signal using a special code
protection against narrow band interference

signal

power 4 interference power

>
detection at
receiver

spread
interference

protection agairﬁst narrowband interference
Side effects:
coexistence of several signals without dynamic dio@tion
tap-proof

34
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11010111010100100001101010010011111010100100111

Spreading code 11010111010100100001101010010011111010100100111 (...)

User data Information after spreading

1101010010011

Data signal is multiplied by a spreading code, and
resulting signal occupies a much higher frequency
band

Spreading code is a pseudo-random sequence
35
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»

User Information
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0

10 KHz bandwidth chip rate (BW) chip rate (BW) 10 KHz bandwidth
0 f f 0
Transmission Reception a
—Z—
Baseband G Walsh Code Walsh Code Deinterleaving Baseband
< N | and —> —> 4 < 3
Information Bits . Spread Correlator and Decoding Information Bits
Interleaving
9,6 kbps 19,2 kbps chip rate chip rate 19,2 kbps 9,6 kbps
-113 dBm (1,23 MHz) Spurious Signals chip rate (BW) chip rate (BW)

f 't f

c

f

c

Thermal Noise External Interference Interference from other

cells within the system

37

Interference from users
within the same cell
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CDMA uses the SS technology
IS-95 CDMA standard

1228800 cps, 4800 sps (9600 bps with QPSK modulation)

Chip sequence of sizé?2l

It does not necessarily mean that one data symbol satad to 2

1chips

1228800 chips/sec 4800 symbols/sec = 256 chips/symbol, i.e., one data
symbol is translated to 256 chips (effective bandwidtedsiced to 1/256)

Question: who supplies the large sized (4 trillion) cleiquence?

1/1228800 cps = 814 ns: channel resolution
1/4800 sps = 2.08 ms: intersymbol time
Thus, ISl is not a problem

38
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802.11 uses SS technology
26 MHz bandwidth in 2.4GHz ISM band
Chip sequence of size 11
1 Msps (2Mbps with QPSK), 11 Mcps
11 Mchips/se¢ 1 Msymbols/sec = 11 chips/symbol, i.e., one data

symbol is translated to 11 chips (effective bandwidthdsiced to
1/11)

Each user has its own code? NO
Then, why SS? FCC ruling (for less interference to
existing systems)
That's how 802.11 & Bluetooth coexist at the same frequency
band

39
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Data signal is modulated with a narrowband signal
thathopsfrom frequency band to frequency band,
over time

The transmission frequencies are determined by a
spreading, or hopping code (a pseudo-random
seguence)

40
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This figure is somewhat misleading.

Fast hopping does not necessarily mean muitipleshaip
It can be multiple bits/hop. But compared to Sl@piing,
it hops more frequently. In case of Bluetoothpip$
every 625 bits, but it is still called fast hopping

t,: bit period t 4 dwell time

User data

(3 bits/hop,
in general, a packet/hop)

Fast Hopping

(3 hops/hit,

in general, a very

short packet/hop or
even a bit/multiple hops
as in this example)

‘ ‘ ‘ ‘ t
With a binary ffequency-mbdulation scheme in which thecarrier simply shifts
up or down in frequency by about 150 kHz to representiespectively, a 1 or a 0
41
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# n mn

79

83.5 Mhz

FHSS: frequency hopping spread spectrum

Channels: 2.402 GHz + k MHz, k=0,, 78

Hopping rate: 1,600 hops per second

Dwell time in each carrier frequency: 625-us

During each 625-us time slot, it transmits one pack

Data is transmitted at a rate of 1 Mb/s = bit tilngs

Bluetooth also uses time slot-based TDD and the shaw size is 625 usec
IEEE 802.11 standard

IR/ DSSS / FHSS are defined as its physical layers

FHSS: 2.5 hops per second

42

c.yu9l@csuohio.ed

O

21



