PRELIMINARY TECHNICAL ASSESSMENT
This technical assessment is prepared and provided to inform external partners of future technical
activities in which the Department of Transportation may be engaged. It is not intended to reflect the
viewpoint or policies of any element of the U.S. Department of Transportation (USDOT) or the
Administration.
Preliminary Testing:
Out-of-Channel Interference (Out-of-Band Emissions)

1. Introduction

To inform the US DOT understanding of the revised 5.9 GHz band allocations in the FCC’s draft
NPRM, the US DOT went into the lab to investigate the ramifications of the new proposed rules.
Specifically, we looked at the performance of three media in operation—DSRC, LTE-CV2X,
and unlicensed Wi-Fi (UNII) when positioned in adjacent channels. The proposal includes
allowing UNII to expand up to channel 177 (incorporating 5850-5895 MHz), DSRC in channel
180 (5895-5905 MHz), and LTE-CV2X in channel 183 (5905-5925 MHz) with power levels and
parameters as per Appendix B in the NPRM. The purpose of this paper is to document potential
for adjacent band interference in this proposed allocation scenario.

2. Process

The laboratory test process described here is to illustrate the potential for adjacent channel
interference. Establishing the level of interference will require additional testing. All three
technologies were set up individually in a laboratory environment and configured to transmit
such that they would pass significant data from the transmitter to the receiver. Figure 1
illustrates the test configuration.
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Figure 1. Equipment Configuration

This preliminary investigation focused solely on emissions in the adjacent channels, due to the
requested quick turnaround for this preliminary analysis. The spectrum analyzer was set to
compare all three technologies in a similar plot.

3. Spectrum Plots

Starting at the top of the 5.9 GHz Safety Band, a plot of the LTE C-V2X is shown in Figure 2.
This is a max hold plot and illustrates the out-of-band emissions (OOBE). This plot is centered at
5915 MHz and has a span of 50 MHz. While the main channel is in the 20 MHz designated for
this technology, we can observe that OOBE extends another 20 MHz to either side with
considerable energy. Figures 3 and 4 are similar plots for DSRC and UNII devices. (Again, this
data is to indicate potential interference to adjacent channels; more testing is needed to quantify
the level of interference.)

DOT Spectrum Team 1 December 6, 2019



PRELIMINARY TECHNICAL ASSESSMENT
This technical assessment is prepared and provided to inform external partners of future technical
activities in which the Department of Transportation may be engaged. It is not intended to reflect the
viewpoint or policies of any element of the U.S. Department of Transportation (USDOT) or the
Administration.

Spectrum & PvT

KEYSIGHT nput: RF Input Z: 50 0 Atten: 12 dB Trig: Free Run Center Freq: 5.915000000 GHz
SIG Coupling: AC Corrections: Off Preamp: Off Det: Peak Avg Type: Voltage SRS
Align: Light Freq Ref: Int (S) LNP: Not Enabled AvglHold: 100/100 Spectrum Trace 1
IF Gain: Low PNO: Best Wide 100 % POI: 11.57 ps.

T T
1 Spectrum it L TGOI?':H:H

T - a

Scale/Div 10 dB Ref Level 0.00 dBm Clear / Write
Log v Math
Trace Average

Detector
Max Hold
MMW

Trace
Min Hold Function

Normalize
Restart Max Hold

WN View/Blank
/J*}. Active

# View

e
7 Blank

Background

< Trace Settings
Table

Center 5.91500 GHz

Span 50.00 MHz,
Res BW 240 kHz

Acq Time 30.000226 ms (821 pts)

KEYSIGHT |nputRF Input Z: 50 © Atten: 6 dB Trig: Free Run Center Freq: 5.900000000 GHz Select Trace
Coupling: AC Corrections: Off Preamp: Off Det: Peak Avg Type: Voltage
Align: Light Freq Ref: Int (S) LNP: Not Enabled Avg|Hold: 100/100 Spectrum Trace 1
IF Gain: Low PNO: Best Wide 100 % POI: 11.57 ps.

Trace Type Trace
1 Spectrum Control

Scale/Div 6 dB Ref Level -15.00 dBm Clear / Write

Math
Trace Average

Detector
Max Hold

Trace
Min Hold Function

Normalize
Restart Max Hold

View/Blank
Active

View
Blank

Background

( Trace Settings
Table

Center 5.90000 GHz Span §0.00 MHz
Res BW 240 kHz Acq Time 30.000226 ms (821 pts)|

] Nov 14, 2019 ALV
=. q (ﬂ - ? 10\1’3:42PM ""'“ %

L)

Figure 3. DSRC spectrum plot
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Figure 4. UNII spectrum plot

In addition to these figures, we captured “waterfall” plots across the 5875 to 5925 MHz spectrum.
Again, starting at the top with LTE C-V2X in figure 5, the top half of the chart is an instantaneous
capture of the spectrum. The lower half is spectrum occupancy over time. The color-coding reflects
the energy in dBm in a narrowly quantized portion of the band. Red represents the highest power at
roughly -20 dBm. The dark blue represents the noise floor of the spectrum analyzer at roughly -72
dBm. Figures 6 and 7 are similar plots for DSRC and UNII.
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Figure 5. LTE C-V2Xin the 5875 to 5925 MHz spectrum with Waterfall plot
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Figure 6. DSRC in the 5875 to 5925 MHz spectrum with Waterfall plot
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Figure 7. UNII in the 5875 to 5925 MHz spectrum with Waterfall plot

In all three, energy extends outside of the designated channel:

e Energy from the LTE-CV2X, only 17dB down, leaks into the adjacent channel.
e Energy from the UNII, only 20 dB down, leaks into the adjacent channel.
e Energy from the DSRC, at 40 dB down, leaks into the adjacent channel.

4. Conclusion.

While additional testing is needed to determine the level of interference from one device to
another, it is clear that interference will occur, raising the question of the reliability of V2X
communications in this configuration. Without a high level of reliability, transportation safety
will be impacted. These draft results also suggest that the rules and the division of spectrum, as
described in the draft NPRM, may result in significant adjacent channel interference between the
different radio services and thus may need reconsideration.
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