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This contribution is based on [1]
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Outline

• Introdcution
A l i f M t• Analysis of Measurements

• Ray Tracing Calibration
C l i• Conclusions
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Introduction

• One possibility to derive statistical channel models, 
which are used for standardisation is the applicationwhich are used for standardisation, is the application
of ray tracing.

• In order to achieve highly accurate prediction resultsIn order to achieve highly accurate prediction results
the models have to be calibrated in order to
determine e. g. unkown material parameters.g

• The extremely high bandwidths of up to 50 GHz have
to be taken into account both in the measurements
and the calibration procedure.

• Ultrabroadband measurements and calibration
lt t d
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results are presented
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P t IPart I:
Analysis of Measurements
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Measurement Setup (1/2)

• Vector Network Analyzer 
Rohde & Schwarz ZVA50 withRohde & Schwarz ZVA50 with
frequency extensions ZVA-
Z325
Measurements in the• Measurements in the
frequency range 275-325 GHz

• Antennas: Standard gain horn
combined with focusing
Polyethylen lense

K h t i ti• Key characteristics:
• Temporal resolution: 0,02 ns
• Maximum excess delay 64 ns (maximum path length 19 2 m)

Submission

Maximum excess delay 64 ns (maximum path length 19,2 m)
• Angular resolution: 2°
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3 59 m

Measurement Setup (2/2)
Path Loss [dB]
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Detected vs. geometrically expected
number of reflected pathsp

refl Tx1 Tx1  Pol TX 2 TX3refl. 
order

Tx1 Tx1  Pol. TX 2 TX3
Det. Exp. Det. Exp. Det. Exp. Det. Exp.

1 4 4 4 4 2 4 4 4
2 7 7 7 7 4 6 7 7
3 10 10 6 10 5 8 8 8
4 5 11 1 11 1 10 3 8

• All rays of order 1, 2, and 3 are found for Tx1 and Tx3
• Higher path loss at  polarisation => not all rays with 3rd order 

reflections are found
• At Tx2 the measurement equipment blocks some of the rays
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At Tx2 the measurement equipment blocks some of the rays
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Measured Broadband Characteristics
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S ti l d T l M tSpatial and Temporal Measurement 
Accuracy
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Path Loss for different reflection orders
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M d Diff b t  d Measured Differences between  and 
Polarisation 
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MIMO Measurement Results
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• High channel correlation (between 0.6 and 0.86 for CTFs)
• Ergodic capacity of 6 21 bit/s/Hz derived for 2x2 MIMO at an
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Ergodic capacity of 6,21 bit/s/Hz  derived for 2x2 MIMO at an 
SNR of 10 dB compared to 3,46 bit/s/Hz at the SISO case
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P t IIPart II:
Ray Tracing Calibration
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Frequency Domain Ray Tracing and
Ray-Based Concept for Calibrationy p

• In order to account for the effect
of frequency dispersion due toof frequency dispersion due to
the large bandwidth all rays are
superimposed in frequency
domaindomain

• Calibration is done for each ray
individually based on the
measurements presented in the
first part of this contributionp

• More details can be found in [2]
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Calibration Results in Time Domain

Submission Thomas Kürner, TU BraunschweigSlide 16



doc.: IEEE 802.15-13-0637-00-0thz_UltrabroadbandNovember  2013

C lib ti R lt I fl f thCalibration Results – Influence of the
Measurement Set used for Calibration
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C lib ti R lt R b t tCalibration Results – Robustness w. r.t. 
Measurements not used for Calibration
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Ultrabroadband channel measurements in an indoor

Summary
• Ultrabroadband channel measurements in an indoor

environment at 300 GHz have been presented
• These measurements can be used to calibrate a ray• These measurements can be used to calibrate a ray

tracing propagation model based on the evaluation of 
single rays.g y

• Calibration increases accuracy of prediction significantly
even for those measurments not used for the calibration

• The model is a good basis to derive statistical channel
models, see e. g. [3,4]
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All information contained in this presentation is meant to be included

Technical Expectations Document (TED)
All information contained in this presentation is meant to be included
in the technical expectations document 15-11-0745-10-0thz-thz-ig-
technical-expectations-document-ted.doc.
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