TANDON SCHOOL
OF ENGINEERING

NYU

Millimeter Wave Small-Scale Spatial Statistics
in an Urban Microcell Scenario

B NYU

~ WIRELESS

ShuSun,Hangsongran,GeorgeR.MacCartneyJr.,
and Theodore S. Rappaport
{ss7152,hy94mac,tsi@nyu.edu

IEEEnternational Conferenceon CommunicationgICC)
Paris,France May 22,2017

S. Sun, H. Yan, G. R. MacCartney, Jr., and T. S. Rappaport, i Mi | | i me 0e2017 NYU WIRELESS

wave small-scale spatial statistics in an urban microcell scenario, @017
IEEE International Conference on Communications (ICC), Paris, May 2017.



A NYU | 2oy ssroo: NYU
WIRELESS

A

A
A

Background and Motivation for Small-Scale Channel Behavior

Small-Scale Fading Measurements at 73 GHz with 1 GHz RF Bandwidth

Omnidirectional Small-Scale Spatial Statistics at 73 GHz with 1 GHz RF
Bandwidth

o Omnidirectional Small-Scale Spatial Fading of Received Signal Voltage Amplitude
o Omnidirectional Small-Scale Spatial Autocorrelation of Received Signal Voltage Amplitude

Directional Small-Scale Spatial Statistics at 73 GHz with 1 GHz RF Bandwidth

o Directional Small-Scale Spatial Fading of Received Signal Voltage Amplitude
o Directional Small-Scale Spatial Autocorrelation of Received Signal Voltage Amplitude

Conclusions
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C What is small-scale fading?

A 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]

-

A 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.Rappapor t , ComWinicagohsePrisciplesandPr act i c e 0, ,Bppee Satddie Rieer, Nh detond edition, 2002.

[2] A. Goldsmith, Wireless Communications. Cambridge, U.K.: Cambridge Univ. Press, 2004.
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C Small-scale fading at sub-20 GHz bands over small distances or time periods
A Ricean [1][2][3][5], Rayleigh [1][5], log-normal [4][5], Nakagami [5][6], Weibull [5][6], etc.

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

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

(mmWave) frequencies
A 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, AMeasur ement , ¢ har ac tinelooi 8904900 MoHz a mad i mo cehlainmege | sf f or d iCgmmurdchtions Magazine) vok 26tno. 6,ps 51 &2, Jurie EIB7. (received signal
envelope of CW signals at 910 MHz, Ricean and Rayleigh)

[21Q. Wang e thasad analysisfofRsmall-scale fading for indoor corridors c enar i os at 15 -Eakific Synposiom od BldcBomaAgaeticaCompatibility (APEMC), May 2015, pp. 1817 184. (received signal
amplitude at 15 GHz with a bandwidth of 1 GHz, Ricean)

[3] T. F. C. Leao and C. W. Trueman, fi S m-adalé fading determination with a ray-tracing model, and statistics of the field, Broceedings 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)

[4T. S. Rappaport et al ., ASt at i sfarfactoayla ndh ampreeal pil mmulbueé | dé siyo m aa i lBEd@isactions brcCamneunicatiosst vel.39, doe 5 ppg7e4i 87, May 1991.
(individual multipath component amplitudes at 1.3 GHz, log-normal distribution)

[5] H. Hashemi, AThe indoor r adi o PRroceedingsgohtheilBER, vot 8lano.v,.ep. 943-968,Jul 1993.

[6] H. Hashemi, fi Atudy of temporal and spatial variations of the indoor radio propagation channel, Bth 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)

[71wW. Q. Mal i k et al ., fil-mpakeée P& dndEER @WBECONM 2007n IEEETGIobdl Telecommunications Conference, Nov. 2007, pp. 38371 3841.

[8]G.D.Durginand T. S. Rappaport, f fadtoes dor ymalles fc arhe!l tf iapla tnly swh aeé e s s c h aAnteneds and BrophgatierE volT 48,ana. §, p. 68Ri 698,sMay2000.

[9] M. K. Samimiet al . , fi 2 8 -wa@vd mitrawidebahd smallscale fadngmo del s i n wir el ess c¢ h aVehialarsTecbhnology Cogf@eh& (MTE BDE-SBridg), dMay 2016, pp. 1i 6.
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Description

Specification

Broadcast Sequence

11" order PN Code (L =
211 _ 1 = 2047)

TX and RX Antenna Type

Rotatable Pyramidal Horn

Antenna
TX Chip Rate 500 Mcps
RX Chip Rate 499.9375 Mcps
Slide Factor ~ 8000
RF Null-to-Null Bandwidth 1 GHz
PDP Threshold 20 dB down from max peak
ngrggsﬁgll‘;dia‘e 5.625 GHz
TX/RX Local Oscillator 67.875 GHz (22.625 GHzx3)
Carrier Frequency 73.5 GHz
TX Power 14.2 dBm
_— TX Antenna Gain 27 dBi
TX Azimuth/Elevation 7070
HPBW
EIRP 41.2 dBm
TX Hei 4.0 m
RX Antenna Gain 9.1 dBi

RX Azimuth/Elevation
HPBW

60°/60°

Note: measurement set with a linear track of length
35.31-cm (about 87 wavelengths at 73.5 GHz)

TX-RX Antenna

V-V (Vertical-to-Vertical)

Polarization
RX Heights 14 m
Maximum Measurable Path 168 dB

Loss
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N TX: 7J azimuth & elevation HPBW

" <} . directional antenna

Bern Dibner Library of
Science and Technology

Yrence

She TX

g abpug

> Linear Track 3- Tx Pfi;er Auditorium >
o Height: 4m ®  RX:60Jazimuth & elevation HPBW
® of Engineering -_— = directional antenna to emulate mobile
L To RX1 RX1, LOS phones in small-scale areas
* Rogers Hall / Height: 1 .4 m .
metrotech iR DSt . 79.9 Orthogonal linear tracks (35.31-cm (about
To RXZ? e Istance. 7/9.9m 87 wavelengths at 73.5 GHz) ) at each RX
é Kahiyeboﬁsiigerz;i Urban | vol itud
arbucks s = Measure total signal voltage amplitude, i.e.,
R?(2, NLOS = = square root of area under PDP
HEIght: 1.4 m Tough Mudc
. MetroTech Commons p .
T-R Distance: 75.0 m Cete{Metro TX: one location, 4 m above ground
A RX: two locations, 1.4 m above ground
o LOS location: 79.9 m T-R
Myrtle Promenade P — Separation diStance (TX
' Y€ Promenade antenna fixed at 90J0J
L z ry , azimuth/elevation)
h 0 NLOS location: 75.0 m T-R

separation distance (TX
antenna fixed at 200J0J
azimuth/elevation)
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35.31-cm (about 87 wavelengths at 73.5 GHz) linear track at each RX location:

o0 Placed in two orthogonal directions respectively
0 RX antenna moved in half-wavelength steps (175 positions) for each fixed RX pointing angle

0 6 RX antenna azimuth pointing angles per track orientation, with adjacent azimuth angles
separated by a HPBW (60J), covering 360J azimuth plane for synthesizing omnidirectional

received power

NLOS

LOS 0
2 Location

Location
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Measured NLOS Small-Scale Power Delay \“ NYU

Profiles at 73 GHz with 1 GHz RF Bandwidth

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

73.5 GHz) linear track o _
4.1 dB variation of signal power

Track orientation: parallel with street
RX antenna pointing to TX but obstructed by
building corner

9.9 dB variation of signal power
Track orientation: parallel with street
RX antenna pointing to building with pillars



