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Wireless Radiomobile Channel is a LTV system:
Linear and Time Variant
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The received signal is affected by 
FADING

· Path Loss
· Shadowing
· Multipath Fading

𝑦 𝑡 = 𝑥 𝑡 ⊗ ℎ 𝑡, 𝜏
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Multipath Fading

𝑦(t)=&
!

𝑎!𝑒"($%!&𝜃!)

Rayleigh Rice
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Symbol by Symbol Detection
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𝑦 𝑡 = 𝑥 𝑡 ⊗ ℎ 𝑡, 𝜏

Power Delay Profile (PDP)

!𝑃𝐷𝑃 𝜏 = 𝐸[|ℎ 𝑡, 𝜏 |!
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Power Delay Profile (PDP)
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Power Delay Profile (PDP)
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Root Mean Square Delay
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Power Delay Profile (PDP)

'𝑃𝐷𝑃 𝜏 = 𝐸[|ℎ 𝑡, 𝜏 |) = '
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𝑒
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𝑦 𝑡 = 𝑥 𝑡 ⊗ ℎ 𝑡, 𝜏

If:
𝑇,-. ≥ 10𝜏!"#: 𝑁𝑜𝑛 𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑣𝑒 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑑𝑜𝑚𝑎𝑖𝑛
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Power Delay Profile (PDP)
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Power Delay Profile (PDP)
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𝑇 𝑓, 𝑡 = E𝑒01∗)∗3∗4∗+ ∗ ℎ 𝑡. 𝜏 𝑑𝜏𝜌 𝛥𝑓 =
𝐸 )𝑇 𝑓, 𝑡 , 𝑇∗(𝑓 + 𝛥𝑓, 𝑡
𝐸 )𝑇 𝑓, 𝑡 , 𝑇∗(𝑓, 𝑡



𝑦 𝑡 = 𝑥 𝑡 ⊗ ℎ 𝑡, 𝜏
Time Domain Frequency Domain

𝑇'() ≥ 10𝜏012 e W>𝐵3 Non Dispersive Channel Selective Channel
𝑇'() ≥ 10𝜏012 e W<𝐵3 Non Dispersive Channel Non Selective Channel
𝑇'() < 10𝜏012 e W>𝐵3 Dispersive Channel Selective Channel
𝑇'() < 10𝜏012 e W<𝐵3 Dispersive Channel Non Selective Channel

|𝐻!" 𝑓 |
|X 𝑓 |
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𝑦 𝑡 = 𝑥 𝑡 ⊗ ℎ 𝑡, 𝜏
Doppler Spread
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𝐴 𝜏 =
]𝐸[𝑦 𝑡 𝑦∗ 𝑡 + 𝜏

]𝐸[ 𝑦 𝑡 ! = 𝐽)(2𝜋𝑓$ 𝜏)

Autocorrelation Function (ACF)

𝑦 𝑡 = 𝑥 𝑡 ⊗ ℎ 𝑡, 𝜏
Propagation Models for the characterization of wireless channels 8/9



𝐴 𝜏 =
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𝐴 𝜏 =
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]𝐸[ 𝑦 𝑡 ! = 𝐽)(2𝜋𝑓$ 𝜏)

𝑦 𝑡 = 𝑥 𝑡 ⊗ ℎ 𝑡, 𝜏
Autocorrelation Function (ACF)
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If:
𝑇' ≫ 𝑇()*: 𝑁𝑜𝑛 𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑒 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑑𝑜𝑚𝑎𝑖𝑛
𝑇' ≪ 𝑇()*: 𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑒 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑑𝑜𝑚𝑎𝑖𝑛



Wireless Channels Classification

Easy 

Equalization
Best Case

Worst Case FEC
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𝑻𝒄: 𝑯𝒊𝒈𝒉

𝑻𝒄: 𝑳𝒐𝒘

τ𝑹𝑴𝑺: 𝑯𝒊𝒈𝒉 τ𝑹𝑴𝑺: 𝑳𝒐𝒘
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Reverberating Chamber



Reverberating Chamber
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Reverberating Chamber
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Absorbers Types:
Pure Graphite

Pyramidal: 
Emerson & 

Cuming Microwave
ECCOSORB 

VHP-18

Conical: 
Cuming Microwave

Corporation
C RAM FAC 6

Multilayer:
Emerson & 

Cuming Microwave
ECCOSORB 
AN-W-79

Antennas Types:
Log-periodic:
Schwarzbeck
USLP 9143
180 MHz - 8 

GHz
Horn:

ETS-Lindgren
3115

1 GHz – 18 GHz

Horn:
Schwarzbeck
BBHA 9170

15 GHz- 40 GHz

Vector Network
Analyzer:

Agilent Technologies
E8363B
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The graphical programming language:
LabVIEW
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Front Panel Block Diagram
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Measurements Reverberating
Chamber

Indoor Scenario

Power Delay 
Profile ✔ ✔

Autocorrelation
Function ✔ ✔
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Power Delay Profile – Unloaded scenario
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In the unloaded case,
the PDP decayes very 
slowly for increasing 
time

The loaded case must 
be considered



Power Delay Profile - stirring

Degrees of 
freedom

PDP

Antennas
placement ✔
Absorbers
number ✔

Absorbers
placement ✔

Stirrers
velocity ✘

Measurements 5/24

The stirrers velocity does not play a key role



Power Delay Profile

3GPP Technical Report
25.943 V10.0.0

Typical Urban
(dB) Time 

(ns)
-5.7 0
-7.6 217
-10.1 512
-10.2 514
-10.2 517
-11.5 674
-13.4 882
-16.3 1230
-16.9 1287
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Power Delay Profile
Rural Area

(dB) Time 
(ns)

-5.2 0
-6.4 42
-8.4 101
-9.3 129
-10 149

-13.1 245
-15.3 312
-18.5 410
-20.4 469
-22.4 528

3GPP Technical Report
25.943 V10.0.0

Typical Urban
(dB) Time 

(ns)
-5.7 0
-7.6 217
-10.1 512
-10.2 514
-10.2 517
-11.5 674
-13.4 882
-16.3 1230
-16.9 1287

Antennas Placement ✘ Absorbers Number ✔ Absorbers Placement ✔
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Power Delay Profile

Antennas Placement ✔ Absorbers Number ✔ Absorbers Placement ✔
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Power Delay Profile
Measurements 10/24



Power Delay Profile
Measurements 𝝉𝑹𝑴𝑺

2 Absorbers 315 [ns]

Central Shielding Barrier
(12 Absorbers)

172 [ns]

Central Shielding Barrier
(24 Absorbers)

124 [ns]

Anechoic Angles + Central 
Shielding Barrier

57 [ns]

Laboratory 50 [ns]
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Block Diagram
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Front Panel
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Autocorrelation Function
Measurements 14/24

Degrees of 
freedom

PDP

Antennas
placement ✘
Absorbers
number ✘

Absorbers
placement ✘

Stirrers
velocity ✔



Measurements 𝑻𝒄
TS=5 RPM, 
VS=2 RPM

112 [ms]

TS=10 RPM, 
VS=5 RPM

57 [ms]

TS=15 RPM, 

VS=10 RPM

41 [ms]

Laboratory 55 [ms]

Autocorrelation Function
Measurements 15/24



Block Diagram
Measurements 16/24



Front Panel
Measurements 17/24



Conclusions
Conclusions

• Radiomobile Channel Characterization

• The reverberating chamber is an effective controlled 
environment for an accurate emulation of different 
propagation scenarios

• Modeling and quantitative analysis of the millimeter waves 
propagation


