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Background and Motivation I
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ÇWhat is small-scale fading?

Á The fluctuation of the amplitude of a radio signal (received voltage) or the envelope of an

individual multipath component (MPC) over a short period of time or travel distance, caused 

by interference between two or more versions of the transmitted signal which arrive at slightly 

different times [1]

Á The variation in received signal envelope due to the constructive and destructive addition of 

multipath signal components over very short distances, on the order of the signal wavelength [2]

[1] T. S. Rappaport, ñWireless Communications: Principles and Practiceò, Prentice Hall, Upper Saddle River, NJ, second edition, 2002.

[2] A. Goldsmith, Wireless Communications. Cambridge, U.K.: Cambridge Univ. Press, 2004.



Background and Motivation II
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Ç Small-scale fading at sub-20 GHz bands over small distances or time periods
Á Ricean [1][2][3][5], Rayleigh [1][5], log-normal [4][5], Nakagami [5][6], Weibull [5][6], etc.

Ç Impact of RF bandwidth on small-scale fading
Á Fade depth generally decreases as the bandwidth increases [7][8]

Ç Little is known about small-scale fading and autocorrelation at millimeter-wave

(mmWave) frequencies
Á 28 GHz small-scale statistics measurements in [9]: 

o Small-scale spatial fading of individual multipath voltage amplitudes for an RF bandwidth of 800 MHz: Ricean

distribution [9]

o Small-scale spatial autocorrelation: exponential function plus a constant term [9]

[1] R. Bultitude, ñMeasurement, characterization and modeling of indoor 800/900 MHz radio channels for digital communications,ò IEEE Communications Magazine, vol. 25, no. 6, pp. 5ï12, June 1987. (received signal 

envelope of CW signals at 910 MHz, Ricean and Rayleigh)

[2] Q. Wang et al., ñRay-based analysis of small-scale fading for indoor corridor scenarios at 15 GHz,ò in 2015 Asia-Pacific Symposium on Electromagnetic Compatibility (APEMC), May 2015, pp. 181ï184. (received signal 

amplitude at 15 GHz with a bandwidth of 1 GHz, Ricean)

[3] T. F. C. Leao and C. W. Trueman, ñSmall-scale fading determination with a ray-tracing model, and statistics of the field,òProceedings of the 2012 IEEE International Symposium on Antennas and Propagation, Chicago, IL, 

2012, pp. 1-2. (Electric field strength of received signal at 2.45 GHz, Ricean)

[4] T. S. Rappaport et al., ñStatistical channel impulse response models for factory and open plan building radio communicate system design,ò IEEE Transactions on Communications, vol. 39, no. 5, pp. 794ï807, May 1991.

(individual multipath component amplitudes at 1.3 GHz, log-normal distribution)

[5] H. Hashemi, ñThe indoor radio propagation channel,ò inProceedings of the IEEE, vol. 81, no. 7, pp. 943-968, Jul 1993.

[6] H. Hashemi, ñA study of temporal and spatial variations of the indoor radio propagation channel,ò5th IEEE International Symposium on Personal, Indoor and Mobile Radio Communications, Wireless Networks - Catching 

the Mobile Future., The Hague, 1994, pp. 127-134 vol.1. (CW envelope at 1.1 GHz, Nakagami and Weibull)

[7] W. Q. Malik et al., ñImpact of bandwidth on small-scale fade depth,ò in IEEE GLOBECOM 2007 - IEEE Global Telecommunications Conference, Nov. 2007, pp. 3837ï3841.

[8] G. D. Durgin and T. S. Rappaport, ñTheory of multipath shape factors for small-scale fading wireless channels,ò IEEE Transactions on Antennas and Propagation, vol. 48, no. 5, pp. 682ï693, May 2000.

[9] M. K. Samimi et al., ñ28 GHz millimeter-wave ultrawideband small-scale fading models in wireless channels,ò in 2016 IEEE 83rd Vehicular Technology Conference (VTC 2016-Spring), May 2016, pp. 1ï6.



Small-Scale Fading Measurements at 73 GHz 

with 1 GHz RF Bandwidth
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Note: measurement set with a linear track of length 

35.31-cm (about 87 wavelengths at 73.5 GHz)

Linear Track



Small-Scale Fading Measurements at 73 GHz 

with 1 GHz RF Bandwidth
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TX: 7Јazimuth & elevation HPBW

directional antenna

RX: 60Јazimuth & elevation HPBW

directional antenna to emulate mobile 

phones in small-scale areas

Orthogonal linear tracks (35.31-cm (about 

87 wavelengths at 73.5 GHz) ) at each RX

Measure total signal voltage amplitude, i.e., 

square root of area under PDP

TX: one location, 4 m above ground

Á RX: two locations, 1.4 m above ground

o LOS location: 79.9 m T-R

separation distance (TX

antenna fixed at 90Ј/0Ј
azimuth/elevation)

o NLOS location: 75.0 m T-R

separation distance (TX

antenna fixed at 200Ј/0Ј
azimuth/elevation)



Small-Scale Fading Measurements at 73 GHz 

with 1 GHz RF Bandwidth
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35.31-cm (about 87 wavelengths at 73.5 GHz) linear track at each RX location:

o Placed in two orthogonal directions respectively

o RX antenna moved in half-wavelength steps (175 positions) for each fixed RX pointing angle

o 6 RX antenna azimuth pointing angles per track orientation, with adjacent azimuth angles

separated by a HPBW (60Ј), covering 360Јazimuth plane for synthesizing omnidirectional

received power

LOS

Location

NLOS

Location



Measured LOS Small-Scale Power Delay

Profiles at 73 GHz with 1 GHz RF Bandwidth
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LOS small-scale directional power delay profiles (PDPs) over 35.31-cm (about 87 wavelengths at 

73.5 GHz) linear track

11.0 dB variation of signal power

Track orientation: orthogonal to T-R line

RX antenna pointing on boresight to TX

3.7 dB variation of signal power

Track orientation: parallel with T-R line

RX antenna pointing on boresight to TX



9

9.9 dB variation of signal power

Track orientation: parallel with street

RX antenna pointing to building with pillars

4.1 dB variation of signal power

Track orientation: parallel with street

RX antenna pointing to TX but obstructed by

building corner

NLOS small-scale directional power delay profiles (PDPs) over 35.31-cm (about 87 wavelengths at 

73.5 GHz) linear track

Measured NLOS Small-Scale Power Delay

Profiles at 73 GHz with 1 GHz RF Bandwidth


