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A Construction and implementation of channel models are important for
wireless communication system design, and channel simulators are in great
need

A Existing channel simulators: QuaDRiGa, SIRCIM, SMRCIM, BERSIM, NS-3,
etc.

A No channel simulators exist that are developed based on extensive
propagation measurements at centimeter-wave to millimeter-wave
(mmWave) bands in various scenarios for fifth-generation (5G) wireless
communications

S.Jaeckele t  QuaDRiGafiA 3-D multi-cell channel model withtimee vol ut i on f or enabl i ng vi r tooAntennasiaed Ppagationadl. 62, . 6|pp.EE Tr a
3242i 3256, June 2014.
T. S. Rappaport et al ., fi St mddelssar factosy Bnd operapfan muilding radip commumicatesystpno desga, KEEE Transactions on Communications,
vol. 39, no. 5, pp. 7941 807, May 1991.
Wireless Valley Communications, Inc., SMRCIM Plus 4.0 (Simulation of Mobile Radio Channel Impulse Response Models) Users Manual, Aug. 1999.
V. Fung et al ., #fABit error s icommunications using tworray pnd mdasu@dntSbisedimophlse responseandodets, 6 | EEE Jour nal on S
in Communications, vol. 11, no. 3, pp. 3931 405, Apr. 1993.
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NYUSIM is a MATLAB-based open-source channel simulator developed by NYU
WIRELESS, which has the following main features:

x  Built based on extensive mmWave measurements from 2012 through 2017 at frequencies from 2 to 73
GHz in various outdoor environments in urban microcell (UMi), urban macrocell (UMa), and rural
macrocell (RMa) environments

x  Provides an accurate rendering of actual channel impulse responses in both time and 3D space
(including the elevation dimension), as well as realistic signal levels that were measured

x  Applicable for a wide range of carrier frequencies from 500 MHz to 100 GHz, selectable RF bandwidths
up to 800 MHz, and continually adjustable antenna beamwidths

x  Has been downloaded over 7,000 times

x  We provide user support and updates of NYUSIM per u s e feedli@ack

T. A. Thomas, M. Rybakowski, S. Sun, T. S. Rappaport, H. Nguyen, |. Z. Kovacs, |. Rodriguez, "A Prediction Study of Path Loss Models from 2-73.5 GHz in an Urban-Macro Environment," 2016 IEEE 83rd Vehicular
Technology Conference (VTC Spring), Nanjing, 2016, pp. 1-5.

T. S. Rappaport et al ., AMi | | forre@¢ el | wlaae: mEEDActess, Vol.aywpmmidssi 389220130 n s

T.S. Rappaportetal., i Wi d e b and -wavelpfopagatoh measurements and channel models for future wireless communication system design (Invited P a p e IEEE Toeansactions on Communications, vol. 63,
no. 9, pp. 30297 3056, Sep. 2015.

M. K. Samimiand T. S. RE milineeferowave statistiGal channelmodel f or 5G wi r e |IEEE $ransagtions ennvicrdveasei Theory and Techniques, vol. 64, no. 7, pp. 22071 2225, July 2016.
S. Sun et al ., Al nvesti gat i oamd parameterrstatidlify of faigestalepropgagation path Joss snedels for 5G wirelésyc o mmu n i ¢ 4EEE Tramsactians on Vehicular Technology, vol. 65,
no. 5, pp. 2843i 2860, May 2016.

G. R. MacCartney, Jr. et al ., AMi I I i meter waveformialc®Ine®s t ¢AlTihingg Cadlwadls in@onjsnctiolNhéttwACM &ebiCbnt, ©ct. 2016.
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3D Statistical Spatial Channel Model (SSCM) developed from extensive field measurements at mmWave

frequencies

Key components of SSCM

LOS probability model

Large-scale path loss model

Large-scale parameters: omnidirectional RMS delay spread, angular spreads (azimuth and elevation angles of departure
(AoDs) and angles of arrival (AoAs)), and shadow fading
Small-scale parameters: time cluster (TC) delay, subpath delay, TC power, subpath power, spatial lobe (SL) AoD and AoA,

subpath AoD and AoA

To obtain TCs and SLs, a TCSL clustering algorithm was used based on field observation (detailed in

Slide 7)

M. K. Samimi and T. S.
Rappaport, fB-D millimeter-
wave statistical channel model
for 5G wireless system
d e s i HBEBE Toansactions on
Microwave Theory and
Techniques, vol. 64, no. 7, pp.
2207i 2225, July 2016.

Name of Parameter

Distribution

Number of Time Clusters

Discrete Uniform [1, 6]

Number of Subpaths

Discrete Uniform [1, 30]

Cluster Delays, Powers

Exponential, Lognormal

Subpath Delays, Powers

Exponential, Lognormal

Subpath Phases

Uniform (0,27)

Number of Spatial Lobes (AOD & AOA)

Poisson

Lobe Az./El. Angles (AOD & AOA)

Uniform (0, 360), Gaussian

RMS Lobe Az./El Spreads (AOD & AOA)

Gaussian, Laplacian

Time clusters: varies
from 1 to 6 in a uniform
manner

Spatial lobes: Poisson
distribution with an upper
bound of 5
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A Close-in Free Space Reference Distance (Cl) Model

PLYY(f, dsp)[dB] JFSPL(f. 1 m)[dB] + 10nlog,, (dsp) + x$!
4 10°
=20log ( mJ

C
=32.4 4 10nlogyg (dsp) + 20log;o (f) + Xo-

where dsp > 1 m

) +10nlog (dsp) + x5

0 n isthe path loss exponent (PLE)
o Only one parameter (n, or PLE) needs to be optimized
0 Least squares method to minimize U

G. R. MacCartney, Jr., T. S. Rappaport, S. Sun and S. Deng, "Indoor Office Wideband Millimeter-Wave Propagation Measurements and Channel Models at 28 and

73 GHz for Ultra-Dense 5G Wireless Networks," IEEE Access, vol. 3, pp. 2388-2424, 2015.

S. Sun et al., "Investigation of prediction accuracy, sensitivity, and parameter stability of large-scale propagation path loss models for 5G wireless
communications," IEEE Transactions on Vehicular Technology, vol. 65, no. 5, pp. 1-18, May 2016. 6



W TANDON SCHOOL
T NYU OF ENGINEERING

WIRELESS

Clustering Algorithm Supported by \“ NYU

NYUSIM

Clustering approach: Time Cluster i Spatial Lobe (TCSL)
The TCSL clustering approach matches 1 Terabytes of data obtained from extensive mmWave field
measurements

Sample Omni. PDP Output Function 3-D AOA Power Spectrum - 28 GHz NLOS

Time cluster: composed of multipath
components traveling closely in time —~ ool AOA Lobe 1
E 28 GHz NLOS : :
Spatial lobe (3D): main directions of z 112.0 m T-R Separation
arrival (or departure) over both azimuth ¢ 95 o, =50 ns ]
and elevation dimensionswhereenergy & | || = 4 _ acnase | P SR NS
) P_=-90.0 dBm
arrives over several hundred T -100; " 1
nanoseconds .§ PL =120.0 dB it ....... - B -104 dBm
& o5l | AOALobe2 | -99dBm
These definitions are motivated by field T S -94 dBm
measurements, and the TCSL method : : : : : i i . : : ; i J
400 450 500 550 600
extracts/decouples the temporal and Absolute Propagation Time (ns) Top View of Azimuth Plane

spatial statistics separately.

M. K. Samimiand T. S. RQ milineeferomave statigtiGl channelmodel f or 5 G wi r e |IEEE Fransagtisns @nilicroveaseiTigeary aind
Techniques, vol. 64, no. 7, pp. 22071 2225, July 2016.
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Millimeter-Wave Channel Simulator

1. To begin the simulator, click Start
2. Set your input parameters below
3. Select a folder to save files

4. Click Run

5. To run another simulation, click Reset, and repeat Steps 2-4

Channel Parameters

Frequency (0.5-100 GHz) Barometric Pressure

28 GHz 1013.25 mbar

RF Bandwidth (0-800 MHz) | Humidity (0-100%)
800  MHz 50 %
Scenario Temperature

UMi ﬂ 20 | °C

Environment

Los | 0

Polarization

mm/hr

T-R Separation Distance

Lower Bound (10-500 m) Co-pol g%

10 m Foliage Loss
Upper Bound (10-500 m) No d

500 m

Distance Within Foliage
TX Power (0-30 dBm) 0 m

30 dBm Foliage Attenuation

Number of RX Locations 0.4 dB/m

1

Rain Rate (0-150 mm/hr)

Antenna Properties

TX Array Type
ua ¢

RX Array Type

ua

Number of TX Antenna
Elements Nt

1
Number of RX Antenna
Elements Nr
1
TX Antenna Spacing (in
wavelength, 0.1-100)
0.5
RX Antenna Spacing (in
wavelength, 0.1-100)
0.5

Start

Number of TX Antenna
Elements Per Row Wt

1

Number of RX Antenna
Elements Per Row Wr

1

TX Antenna Azimuth
HPBW (7°- 360°)

10

TX Antenna Elevation
HPBW (7°- 45°)

10

RX Antenna Azimuth
HPBW (7°- 360°)

10

RX Antenna Elevation
HPBW (7°- 45°)

10

Select a Folder to Save Files

TANDON SCHOOL
OF ENGINEERING

Output File Type

([ /Users/

Text File

v

Easy to select/set input parameters

Able to quickly generate channel
impulse responses

Three output file type options:
A .txt file

A .mat file

A Both .txt and .mat files

28 input parameters

A Channel Parameters: 16 input
parameters

A Antenna Properties: 12 input
parameters

Users can perform many
continuous simulation runs with
identical input parameters for
automatically varied uniformly
random T-R separation distances
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Millimeter-Wave Channel Simulator

1. To begin the simulator, click Start
2. Set your input parameters below
3. Select a folder to save files

4. Click Run

5. To run another simulation, click Reset, and repeat Steps 2-4

Channel Parameters

Frequency (0.5-100 GHz) Barometric Pressure

28 GHz 1013.25 mbar

RF Bandwidth (0-800 MHz) | Humidity (0-100%)
800  MHz 50 %
Scenario Temperature

UMi ﬂ 20 | °C

Environment

Los | 0

Polarization

mm/hr

T-R Separation Distance

Lower Bound (10-500 m) Co-pol g%

10 m Foliage Loss
Upper Bound (10-500 m) No d

500 m

Distance Within Foliage
TX Power (0-30 dBm) 0 m

30 dBm Foliage Attenuation

Number of RX Locations 0.4 dB/m

1

Rain Rate (0-150 mm/hr)

Antenna Properties

TX Array Type
ua ¢

RX Array Type

ua

Number of TX Antenna
Elements Nt

1
Number of RX Antenna
Elements Nr
1
TX Antenna Spacing (in
wavelength, 0.1-100)
0.5
RX Antenna Spacing (in
wavelength, 0.1-100)
0.5

Start

Number of TX Antenna
Elements Per Row Wt

1

Number of RX Antenna
Elements Per Row Wr

1

TX Antenna Azimuth
HPBW (7°- 360°)
10 °

TX Antenna Elevation
HPBW (7°- 45°)

10

RX Antenna Azimuth
HPBW (7°- 360°)

10

RX Antenna Elevation
HPBW (7°- 45°)
10

Select a Folder to Save Files

([ /Users/
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Output File Type

Text File

v

The HPBW in the input parameters
is for the entire antenna array

Advantages:

Allows for different individual antenna
element types (e.g., patch antennas,
vertical antennas, horns)

Avoids the trouble of dealing with
myriad antenna fabrication and
connection details needed to make
an array

Provides users with the freedom to
implement an array antenna pattern
of their choice for system simulations
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Received Power [dBm]

NYUSIM wWiLzss
3-D AOD Power Spectrum - 28 GHz, LOS, 369.2 m T-R Separation 3-D AOA Power Spectrum - 28 GHz, LOS, 369.2 m T-R Separation Omnidirectional Power Delay Profile (PDP)
B -100 -
28 GHz LOS
] 1 T-120] .
_ i % 369.2 m T-R Separation
8 40! s =171ns
H
] 7 s P =-82.5dBm
| il § -160 | r
§ PL=1125dB
i “ g0 1
I -104 dBm il PLE =2.0
N -96 dBm
-_ -89 dBm -200 1
_ 1200 1400 1600 1800 2000 2200 2400 2600

T T T T T T L ! T ! Absolute Propagation Time (ns)

o0 Directional PDP with Strongest Power ) Small Scale PDPs - 28 GHz, LOS, 369.2m T-R Separation 25y Omnidirectional and Directional Path Loss - 28 GHz, LOS
PL TX Ant. HPBW: 10.9° AZ, 8.6° EL|
‘omni . Gain: 24. i
28 GHz LOS 20} © TX Ant. Gain: 24.9 dB
-60 - - x PLy RX Ant. HPBW: 10.9° AZ, 8.6° EL
369.2 m T-R Separation -120 - 2201 PLy oot RX Ant. Gain: 24.9 dBi ]
-80 a_=14ns 1 £ 200 Mo = 2.0, 0, = 4.2 dB )
@ -140 | ||==-ny, =810, =11.8dB |
- g P =-39.0dBm 4 a . 180 | ~
100 =-39.0 § g o M e biat = 202 T S 4T 0B
= O -160 -
120 PL =118.8 dB | g §
PLE =22 2 =
-140 | g 180 _ &
TX Ant. HPBW: 10.9° AZ, 8.6° EL & . ~~
-160 | P " | -200 .. . T~ ~—
TX Ant. Gain: 24.9 dBi 1200 W - _ ~_
-180 RX Ant. HPBW: 10.9° AZ, 8.6° EL ! B0 o ~. ) '
RX Ant. Gain: 24.9 dBi 1500 40t 1
=200 | 1 1600 —— RIS U M S S | el
. . 1700 o 10° 10" 102 10°

1200 1400 1600 1800 2000 2200 2400 2600 Increment (# of Wavelengths) T-R Separation Distance (m) 10
Absolute Propagation Time (ns) Propagation Time Delay (ns)
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