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Recap: small/large scale fading

Receiver can handle
loss maximum to
135dB

((( ))) Deterministic Pathloss = 127dB .
ANNNNNNAN N

O Assume only large scale fading, which is log-normal distributed with o =
7dB

O What is the outage probability of the user?

O How we can do to lower the outage probability for the user?
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Recap : power delay profile

Flr)a

0dB ¢  What is the maximun access delay?
—-10dB L .

 What is the mean delay and rms

B delay spread?

30dB

I Q If bandwidth of the system is 5MHz,
—40dB - . . .
0 4 8 12 16  ExcessDelayr determine if the channel will
(us) undergo frequency flat or

frequency selective fading?
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Recap: frequency flat vs frequency
selective

N (),
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Recap: Power delay profile vs. frequency
correlation function

1 Prs (Af ) .
~—- p(0) h (7))
Fourier N
transform
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Mathematical backgrounad

H(t, f) = jooh(t, T)e /2 dr

Frequency correlation

E{H(t1, fL)H"(t2, f2)} :ffjooo h(ty, T1)e™/2™Mh* (ty, 1,)e 72 2dr d,

WSSUS

Ry(Af) = j mE{lh(r)F}e‘fZ”“f dt
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PDP FFT
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Power delay profile in a dynamic
environment

P (Z‘) = Et |:‘h (t, Z')‘Z} Does WSS still hold in a dynamic

environment over time?

L WSS: the statistical properies of the channel not change with time

O Requries: mean power and Doppler spectrum do not change with
time.

O Typically holds over an area of 10 wavelength.
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Doppler spectrum vs. the time
correlation function

Doppler spectrum and the time correlation of the signal are related to
each other by Fourier transformation

Sy

" p[(Af)
- pt(O)

r-\-- —— Fourier

—>

/\ /\ transforms

AVEGIVAS

time correlation function Doppler power spectrum

UNIVERSITY

Wireless Communication Channels 8



Condensed parameters
Coherence time

Given the time correlation of a channel, we can define the

coherence time T_:
What does the coherence

' ?
+ o, (A1) time tell us?

___pt(O)

It shows us over how fast a
Channel changes

/\ Radio systems update
/ T \Af channel status parameters
that is smaller than the

coherence time
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Condensed parameters
Doppler spectra

We can infer many useful parameters from the power delay profile
Total power (Doppler frequency integrated):

Ppm = f OOPB(v)dv
Average Doppler shift Z;rst moment of the Doppler spectra)

_ f_oooo Pg(v)dv

Pgm

Um

Average RMS Doppler spread (second moment of the
Doppler spectra)

D, = \/ffooo Pg(v)v2dv ~

Pgm
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Widely used "rules-of-thumb”

T 1 B 1
C = Ds C = 51:
9
Tc = 1
16TDg Bc = =
time over which the time band T hich the f
correlation function is above 0.5 and over which the frequency
correlation function is above 0.5
0.423 _ 1
Te =1 B¢ =50s,
less restrictive and widely used band over which the frequency

correlation function is above 0.9

& rN666 \v—f~
055118

Wireless Communication Channels 11 UNIVERSITY



System function —_— Correlation function —_— Special cases of —>» Characteristic value

correlation function
., (ﬂ 7, ﬂ

D | ant _rP,(v,-r)dr
_Doppler-varian sv.2) . .
impulse response ScattaF:ln(gv fu)nctlon _[P axy
s(v,1) s\t —
o, delay spread
L St
F, Fy, Power delay
o At=0 profile
, . Ri(x)
Time-variant Delay cross mean delay
impulse response spectral density M,
hit.x) P (Aty) -

[o}
. l— }T— D Frequency 3dB coherence
correlation function| = bandwidth
. . Ry (af Be
Time-variant carr wrt f Time-frequency
transfer function | = |correlation function 1
TP Ry (At,Af) . ]
Time correlation sdB coherence time
functi
AF=0 R, ( A‘t’)" —_— Te
Z, Fu T
Doppler-variant | oo e, ¢ Doppler cross Fas I mean Doppler
transfer function | =———> | spectral density m" shift
H(v.f) Pr(v,Af) Doppler spectral / My
AF=0 density
U U
Doppler spread
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Frequency resp (dB)

Time variant channel transfer function

Measurement in the lab with a vector
network analyzer

‘Center frequency 3.2 GHz
‘Measurement bandwidth 200 MHz, 201
frequency points

‘60 measurement positions, spaced 1
cm apart

x 10

0.5 0.2

Frequency (Hz) Position (m)
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Impulse resp (dB)

Time variant channel impulse response
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What are the delays?

How is the signal
affected for different
delays?

How does it change
with time?
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Delay cross spectral density

| |, > ~ How is the power for
a0 e el S~ [ different delays
T st e ' correlated in time?
30|
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Spreading function (Doppler-variant
transfer function)of the channel

20. T | \ AN s
,,,,,, \ - » *‘\ U “ “
| A e e
""""""""""""" o

40 8 IR N Sl
/ P\ S S S e S
| Al A s e s
BIra g e

fffffff 7 B e e il T

-60. LIV \‘.“\‘"’%"O’o"‘ S
AN e
S5 ‘ ‘\‘ ‘\\‘ e e e e e e

SN y‘ v O ARN R e s v o . T
(OSSO, \\ A\ ' \o R TR e T T Y T W
e et AR AR e e e
BV e wt wl e.} N ‘ N “ (e T e Ve ¥ s 0.l
e e e KA T NI AT S S S
Y T ’ L OV AN A o e o e Yo v
L v ¥t R I A T e o o v
SRS Y wh Ve ‘\O"‘ SN T e e

S B \‘\‘g e e RN e e e
T e W e Wi e I T T e e W e
B U U e ¥ WB N, Ve 51 N T e WY WY v T W ¥ W
e e o ) T S v Y 5 S Vo W e e
e iRl e B e g e ety el et e et et el e e et e
T e
S S S S S ST I U U S Y W Vg 0B
B N Y e Y  w S V \ U Y T e Y
B e S e S S O e e e e e 1 S Vs U o ¥ . o
T T T T T T D N N SN G WY U Y W
e ol s T P U ot S S e Vo U P S o
e T L T e e e
R i E e T U0 v U B0 Y W W5, 05 Ve v Vo

1.0 )

Wireless Communication Channels

How is the power
distributed in the

Doppler and delay
domains?
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Integrating the spreading function
over the Doppler — the delay domain

-10

PDP

_90 r r r r r r r r r r
0 0.5 1 15 2 25 3 3.5 4 4.5 5
Delay X 10-7

How is the power distributed in the delay domain?
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Doppler spectral density

Integrating the scattering function over the delay —
the Doppler spectral density

-10¢

L

L

L L L L L

How is the power
distributed in the
Doppler domain?
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Doppler
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Time corr function

0.2

0.1

Measured time correlation function

Absolute value
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Time corr function
o
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Freq corr function

0.1 i -
Absolute value 08 Real part
r r r r r L :
2 -1.5 -1 0.5 0 0.5 1 15 2 '1.2 -1,r5 i -0.r5 (rJ 0-r5 i
Frequency X 10° Frequency

Measured Frequency correlation
function

Coherence bandwidth 20 MHz

Freq corr function
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Measurements performed at typical
work positions
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2.6 GHz antennas

2 port
hand held

4 port
hand held

Wireless Communication Channels

Fixed

PC

device
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Total received power vs. link distance

Relative received power [dB]
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Relative received power [dB]

-10

-20 -

-30

40 |

-50

-60

Power delay profile

100 200 300 400 500 600
Delay [ns]

« exponential decay
P(r)=|p e

* mean 10 - 13 ns

» standard deviation 1.2 - 2.1 ns
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Variation of coherence time vs. measured
environment

PC-HH

moving receiver

FD-HH

Zosl T T SRS TS S |
Lod o o o S R person moving

o2l T T T S o In corridor

0 50 100 150 200 250 300
Time [ms]
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Car to car communication

Cars driving in same direction with a distance of 50 m, 70 km/h, rural area

YI1666 \vf
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Time variant impulse response

Time [s]

0 05 1 15 2
Delay [us]
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Scattering function, t=8.5-8.65 s
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Doppler shift [Hz]
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UWB channel

« UWB bandwidth is relatively large compared to the carrier
frequency

« Different frequency componnet see different propagation
properties

« Statistical channel models are changed

LUN

UNIVERSITY
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Measurements in an industrial UWB channel

4.9 GHz bandwidth

49 TX-RX positions 49
7%7 Virtual MIMO system
Antenna array elements

separation dcm
TX-RX Separations 3,6,10,12m

UNIVERSITY
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Power [dB)]

UWB channels — PDP

APDP for Gm BS NLOS location B For MLOS B
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Huge bandwidth — possible to identify single multipath componenets
Need a large number of fingers in a special type of receiver (so called RAKE receiver)
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UWB channels

Delay spread is mainly dependent on distance to the scatterers, since it influences
the resolvability of the system to identify potential multipath components.

For MLOS A
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