T
e
R
e
A
y Jeallll
™= P
ot =53
e S 1o
'
§
4
<
¥

In-building propagation
measurements for the
coming fifth-generation
mobile communication
technologies (5G)
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In-building propagation measurements will become important
for the coming fifth-generation mobile communication
technologies (5G)

1 - Introduction

Spectrum regulators, world-wide, are recognizing the need to open up new spectrum to support the
rapidly growing use of high speed data. InJuly, 2016, the US FCC opened up nearly 11 GHz of spectrum
in the mmWave frequency range. Specifically; 27.5 to 28.35 GHz, 37 to 38.6 GHz. 38.6 to 40 GHz,
and 64 to 71 GHz. Users will expect their devices, with this new spectrum, to function similarly to
their current devices. New Machine-to-Machine (M2M) devices will need to work in closets and
cabinets inside buildings.

While outdoor propagation of this mmWave spectrum is well known, few studies have been done
in-building. Anritsu is a leader in mmWave measurement test equipment and offers the MG369xC
Series Signal Generators and MS2720T Series of portable spectrum analyzers covering the new 5G
frequencies to 40 GHz. This white paper outlines procedures to make mmWave in-building propagation
predictions and measurements.

With the operational costs associated with 5G mmWave deployments of chief concern to operators,
easy to use tools will be required to enable field technicians to quickly and economically map the
coverage of future 5G mmWave radios. Complex and heavy engineering setups will not be practical.
Test procedures and equipment need to be as economical and simple for 5G as those used to set-up
WiFi networks today. The portable, Android-based solution presented below provides excellent first
order coverage estimations suitable for real-world deployments.

2 - Office panel propagation loss measurements

Measurements of office material propagation loss were made to support the prediction of the
coverage within the office. These measurements were done with the MG3694C Signal Generator
sending a 28 GHz signal to a horn antenna and the MS2720T Spectrum Analyzer and horn antenna
set to receive the 28 GHz signal. The two horn antennas were separated by 10 feet. Wall panels, glass
panels, and doors were inserted in the path between the two horn antennas. Measurements were
made with the panels perpendicular, 30, and 60 degrees with the transmission path.
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Anritsu MG3694C signal generator providing a +12 dBm signal
into a 26.5 to 40 GHz wavequide to coax adapter and
10 dB gain waveguide horn antenna.

Anritsu MS2720T Spectrum
Analyzer (on a cart) with
flexible cable and 26.5 to
40 GHz waveguide to coax

adapter and 10 dB gain
horn antenna.

Results of inserting a wall panel between the two horns separated by 10 feet vs. a pane of glass
vs. having nothing in between.

Loss Results
Rotation No Wall Panel Wall Panel Pane of Glass
90 degrees -23.5dBm -24.5 dBm -26.5dBm
60 degrees -25.5dBm -30.5dBm
30 degrees -26.5 dBm
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3 - Office coverage predictions using EDX SignalPro prediction software

A wall layout plan was obtained for the office area, and was converted into a 3D structure database
so that coverage predictions could be made using EDX SignalPro® software from EDX Wireless.
The software incorporated the office materials loss characteristics as determined by the previous
measurements. The path loss model used in the EDX software was their “EDX Simplified Indoor Model”
which is similar to the COST 231 model in that it is a direct path multi-wall/floor model well suited for

indoor environments.
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EDX® SignalPro® Legend

EDX® SignalPro®: 28GHZ

Received Power at remote

>=  -36.0 dBmiV
-390to  -36.0 cBmW
-420to  -39.0 dBmWV
-45.0t0  -42.0 dBmWV
-480to  -45.0 dBmWV
-51.0to  -48.0 dBmV
-540t0  -51.0 dBmWV
-57.0t0  -54.0 dBmWV
600to  -57.0 dBmWV
< -60.0 dBm\W
Display threshold level: -120.0 dBmiW
RX Antenna - Type: USE FILE
Height: 1.1 mAGL Gain: 12.00 dBi

METERS

111

14 0 -

EDX Wireless
28GHz Indoor Study

EDX SignalPro coverage predictions incorporating the 28 GHz panel loss measurements.
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4 - Office coverage measurements using the Anritsu MS2720T Spectrum Master
and MA8100A TRX NEON Signal Mapper

For coverage measurements, the MG3694C Signal Generator with horn antenna was placed on a
cabinetwith the horn antenna at 7 feet, simulating the location of a 5G hot spot. The MS2720T spectrum
analyzer was placed on a wheeled cart and moved through the office area while the spectrum analyzer
continuously made channel power measurements.

The +12 dBm 28 GHz signal was set at 7 feet above the office area to simulate a 5G hot spot.
The MS2720T was placed on a cart with a 42 inch high cable to the receive waveguide horn.
Both horn antennas were kept aimed at each other during testing.

To support fast and easy in-building measurements, Anritsu partnered with TRX Systems to
introduce the MA8100A NEON Signal Mapper, a coverage mapping solution that provides
in-building coverage maps based on mmWave measurements from Anritsu's portable spectrum
analyzers. The solution incorporated an Android phone as a controller (mobile connectivity
can be disabled), connected via USB to the spectrum analyzer and via Bluetooth to the Neon
tracking unit. This system works together to gather signal strength measurements correlated
to building location. The NEON tracking unit contains a gyroscope, accelerometer, barometric pressure
sensor, compass, and ranging sensors to accurately maintain location position without the need for
GPS connectivity.
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Anritsu portable spectrum analyzer, Observing the location and measurement results
Android phone and NEON Tracking unit on an Android phone in a high school classroom
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barometric pressure sensor,
Using the NEON Command Software to see a 3D view compass, and ranging sensors.
of the signal strength
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5 - Set up of the MA8100A TRX NEON Signal Mapper

The MA8100A includes the NEON Command Software, a PC-based software package that supports
adding detailed floor plans and reviewing the measurement results.

Preparing a map with the NEON Command Software requires a few easy steps:

1. Floor plans for each building should be located and converted to a graphics format
(i.e., jpg, bmp, gif, etc.).

2. The address of the building should be entered into the NEON Command Software and the
building to be mapped located on the PC screen.

3. The floor plan should be linked to the building following the NEON Command Software
user guide.

6 - Set up of the Anritsu MS2720T Spectrum Master

Priorto conductingin-building mapping, the analyzer itself mustfirst be configured to properly measure
the signals of interest. Knowledge of various parameters, such as anticipated signal strength and
variation, potential presence of interfering signals, and noise sources, should be used in determining
analyzer settings. A brief summary of the main analyzer setups used in this white paper procedure
is shown below. However, the user may want to refer to the instrument user manual for more
detailed guidance.

1. Frequency
The MS2720T center frequency was set to 28 GHz to match the signal generator frequency.

2. Span
The span was set to 1 MHz for easy viewing the signal in a 10 kHz RBW.

3. Resolution Bandwidth
The resolution bandwidth was set to 10 kHz to provide a -90 dBm noise floor.

2. Reference Level, Pre-Amplifier and Attenuator
The reference Level was set to -10 dBm with 10 dB attenuation to prevent overload when
very close to the generator.

5. Measurement Mode
The NEON Signal Mapper application (run on an Andriod device) accepts channel power
measurements from the MS2720T. To set up channel power measurements press
“Shift” “Measure” and “Channel Power”. A channel width of 100 kHz was used.
The Android device displays, the measurement values as they are taken.
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MS2720T display with the settings used for coverage mapping of the office.
Channel power measurements are taken from the MS2720T into the Android phone and
passed to the NEON Software for processing. Cloud storage is available if desired.

7 - Making Measurements with the Anritsu MS2720T Spectrum Master
and MA8100A NEON Signal Mapper

1. The operator follows the NEON location calibration procedures shown on the Android smart phone
or tablet.

2. The operator walks the office, observing the location on the smart phone or tablet. When the walk
is complete the operator uploads the measurement results with locations to the included NEON
cloud storage or locally on the smart phone or tablet.

3. The measurement results can be reviewed using the NEON Command Software in 2D, 3D or as a
comma-separated values (.csv) file. The NEON Command Software provides a heat map display
which uses an average of the measurements made to predict coverage around the walking path.
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8 - Measurement results

Using the NEON Command Software to see a 3D view of the signal strength

The 178 measurement points results were then compared with the EDX SignalPro area study’s received
power predictions. The mean error between prediction and measurement was 0.8dB with a standard
deviation of 7.5dB showing good correlation between the two analyses.
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EDX® SignalPro® Legend

EDX® SignalPro® : 28GHz

Received Power at remote

>=  .36.0 dBmW
-390to  -36.0 dBmW
-420to  -39.0 dBmW
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EDX Wireless
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9 - Summary

Understanding in-building propagation will be important for the success of the coming 5G mobile
communication technologies. Anritsu is a leader in mmWave measurement test equipment and
offers both equipment and software to make it easy to measure in-building coverage of the new
5G spectrum.

We thank EDX Wireless (www.edx.com) for providing technical consultation as well as performing
a prediction vs. measurement analysis that shows the validity of our measurement techniques at
this frequency.
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