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Recap

ÅRequirements for channel sounding signal

ÅChannel sounding methods

ÅTypical three directional channel sounding methods
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LǘΩǎ ŀƭƭ ŀōƻǳǘ ƳŜŀǎǳǊƛƴƎ ǎƻƳŜ ŘŜƭŀȅǎΦΦΦ

In MIMO systems we use the fact that 

there are several paths between the 

transmitter and receiver

These paths are characterized by a

ïtime delay, 

ïphase shift,  

ïattenuation, 

ïangle of departure and 

ïangle of arrival

The angle of departure and angle of 

arrival result in a slight difference in 

time delay for each of the antenna 

elements
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Channel sounding: Multielement array

ÅMeasure one impulse
response for each antenna
element

d d d
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spatially resolved impulse response

Signal processing

linear array
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Directional analysis: DOA estimation

The DOA can also, e.g.,  be 

estimated by correlating the received 

signals with steering vectors.

An element spacing of d=5.8 cm and 

an angle of arrival of f=20 degrees 

gives a time delay of 6.6·10 -11 s 

between neighboring elements
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Directional analysis: DOA estimation

d

f

d sin f

ÅAngular spectrum

ὖ ᶮ = 
ᶮ ᶮ

ᶮ ᶮ

Ὑ is the correlation matrix 

of the received signal at the 

array

ÅResolution is detemined

by the the number of

received antenna

elements: ς“/ὔ

ÅSo called beamforming
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High-resolution algorithms

In order to get better angular resolution, other techniques 

for estimating the angles are used, e.g.:

ïMUSIC: Multiple Signal Classification algorithm

ïESPRIT: Estimation of signal parameters via 

rotational invariance technique

ïMVDR (Caponôs beamformer): Minimum Variance 

Distortionless Response

ïSAGE, 

ïééééé

Separating

useful signal 

subspace from 

the noise

subsapce



MUSIC

ÅMultiple Signal Classification algorithm

ÅEigenvector decomposition and eigenvalues of the 

covariance matrix of the antenna array

ÅSubspace spectrum search
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ESPIRIT

ÅThe signal space is rotational invariant

ÅNo need to search the whole pseudo-spectrum space

ÅLess sensitive to nise than MUSIC
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MVDR

ÅSpatial filter coefficients (weights), determined by the 

correlation matrix and the steering vector

ÅErrors in array element position can degrade the 

performance
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SAGE

iterative maximum likelihood 

method



Everything is phase rotation, but caused by the change 

of propagation distance at different antennas 

According to the array geometry and incident/departure 

angle, we have four steering vectors, for Tx array H V 

polarizations, and Rx array H V polarizations

where

SAGE
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Lund University MIMO Sounder 

Courtesy 

MEDAV
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TX-RX timing diagram
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Test signal ςMulticarrier spread spectrum
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MLS - Test Squence
Åperiodic broadband Signal

Åhigh Correlation Gain

Å low Crest Factor

Å inherently band limited

Å flexible in generation

Åmultiband possibility

(Up- /Downlink)
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RUSK LUND broadband 
channel sounder

ÅA fast switched measurement 

system for radio propagation 

investigations at 300 MHz, 2 

GHz and 5 GHz.

ÅFinanced by Knut and Alice 

Wallenbergs stiftelse, FOI 

and LTH

ÅMIMO capacity limited by the 

switches, currently 32 

elements at each side.
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The measurement system

Å200 kg of batteries to allow for 6 hours of mobile 

measurements

Å640 MHz sampling frequency, to allow high Doppler 

frequencies

Å2 separate PCs to manage the data flow from the A/D 

converters

ÅOven controlled rubidium clocks to maintain synchronization 

during wireless measurements

ÅGPS and wheel sensors to position the system

ÅBroadband patch antennas with 128 antenna ports at 2.6 GHz

ÅCircular 300 MHz antennas with a diameter of 1.5 m
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Lund SDR-basedmm-WaveChannel Sounder


