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Outline
1. Deriving the Channel Impulse Response

in the equivalent baseband region
from the broadband Channel Transfer Function
for link-level simulations

2. “Synchronizing” the Channel Impulse Response
(CIR from broadband CTF does not include
the synchronization a receiver preforms)

3. Summary

4. Reference
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Details of the Problem

Random Data FEC Encoder Modulator
PHY under test

Transmission 
Channel 
(Channel 
Models)

Example

DemodulatorFEC DecoderBit Error Rate
PHY

From IEEE 802.15-15-0219-01-003d
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Definitions & Example
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Deriving the CIR – 1 –

(Of course the 1 problem can be solved by(Of course the 1. problem can be solved by
not storing the last bin right from the
beginning) 
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Deriving the CIR – 2 –
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Deriving the CIR – 3 –
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“Synchronizing” the CIR – 1 –
 Raytracing determines the phase for a certain frequency

in the CTF from the distance (l_path) between the
transmitter and receiver and the wave length.

 The phase of the peak (corresponding to the used
transmission path) in the impulse response will have an arbitrary phase corresponding 
to the distanceto the distance.

 But the receiver has to synchronize to the received signal (to the symbol and to the 
carrier frequency)carrier frequency).

 If a link-level simulation has to be performed without mechanisms for 
synchronization (e g like pilot signals etc) the impulse of the transmission path cansynchronization (e.g. like pilot signals, etc) the impulse of the transmission path can 
be synchronized to the previous or the next bin in the CIR as explained in the 
following.
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“Synchronizing” the CIR – 2 –
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“Synchronizing” the CIR – 3 –
 To synchronize the CIR to the previous bin in the CIR in Matlab:

l_symbol= T_symbol * c; e.g. l_symbol= 0.02 ns * 3e8 m/s= 6 mm
l delta= mod(l path, l symbol);l_delta  mod(l_path, l_symbol);
t_delta= l_delta / c;

H= H .* exp(1j .* 2 .* pi  .* f .* t_delta) f is the frequency vector! E.g.:
f 300 9 f l i 350 9f= 300e9:f_resolution:350e9;

 To synchronize the CIR to the next bin in the CIR in Matlab:

l symbol= T symbol * c;_ y _ y ;
l_delta= mod(l_path, l_symbol) – l_symbol;
t_delta= l_delta / c;

H H * exp(1j * 2 * pi * f * t delta)H= H .* exp(1j .* 2 .* pi  .* f .* t_delta)

 Please note that mod(l_path, l_symbol) results in the remaining distance and not a 
fractional factor of l symbol! This depends on the implementation of the 

Submission Sebastian Rey, TU BraunschweigSlide 12

_ y p p
programming language used.



doc.: IEEE 802. 15-16-0207-00-003dMarch 2016

“Synchronizing” the CIR – 4 –
 Now the CIR is synchronized to

the symbols.

 Is the CIR also synchronized to
the carrier frequency?
If it is, then the phase of the
peak in the CIR is 0 degpeak in the CIR is 0 deg.

 Answer: Maybe.
It depends onIt depends on …
 Path length
 Bandwidth (l_symbol)

C i F ( l h l bd ) Carrier Frequency (wave length lambda)
 Phase shifts from e.g. reflections (Non-Line-Of-Sight paths only)
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Summary
 The CIR can be derived by

1. Correctly performing the Inverse Fourier Transform of the CTF.

 To counter the influence of “leakage” – resulting from the ifft – it is advisable to set 
each bin in the CIR, which is e.g. 30 dB weaker than the dominant path, to zero.

 For link-level simulations without means for synchronization an artificially 
synchronized CIR can be derived by

1. Synchronize to the Symbol (done in the CTF)y y ( )
2. Inverse Fourier Transform
3. Turn the phase of the CIR to synchronize to the carrier frequency
4. Set each bin in the CIR to zero which is e.g. 30 dB weaker than the dominant4. Set each bin in the CIR to zero which is e.g. 30 dB weaker than the dominant 

path.
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Reference
 The derivation of the channel impulse response from the bandpass region to the 

equivalent baseband region is also explained in
Michael Hiebel: “Grundlagen der vektoriellen Netzwerkanalyse”, Rohde&Schwarz, 
Mü h 2007München 2007.

 The author has not had access to the English version of this book but expects that the 
derivation of the channel impulse response is also explained inderivation of the channel impulse response is also explained in
Michael Hiebel: “Fundamentals of Vector Network Analysis”, Rohde&Schwarz, 
München 2011.

Submission Sebastian Rey, TU BraunschweigSlide 17



doc.: IEEE 802. 15-16-0207-00-003dMarch 2016

Danke für Ihre Aufmerksamkeit!
(Thank you for paying attention!)

Dipl.-Ing. Sebastian Rey
rey@ifn.ing.tu-bs.de
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Li k l l i l ti f th l ti
March 2015

Link level simulations for the evaluation 
of the performance of one proposed PHYp p p
Random Data FEC Encoder Modulator

PHY under test

Transmission 
Channel 
(Channel 
Models)

Example

PHY

DemodulatorFEC DecoderBit Error Rate

• Equivalent baseband model
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• Equivalent baseband model


