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1. Talking you through the set-up that was used to conduct Calnex
the measurements.

2. Presenting the experimental results of the effects multipath
has on timing receivers in dense urban environments.

3. Discussing about the importance of introducing new testing
methods to measure such effects.
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« Sometimes the GNSS-based PRTC’s might be installed in areas where there
is not a clear view of the sky, e.g. in dense urban environments.

» Multipath will degrade the performance of the timing accuracy of the GNSS-
based PRTC's and therefore providing testing methods in order to “measure”
this error is of utmost importance.
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* |t depends solely on the environment around the antenna and is therefore
very difficult to be modelled.
— A constructive multipath interference results in an increase in the C/NO, while a
destructive interference results in a decrease in the C/NO. [1]
— Moreover, multipath interference might be constructive on one frequency and
destructive on another. [1]
* In our tests, we considered GPS L1 and GLONASS L1 due to frequency
limitations on the PRTC.
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* Our set-up was based on Figures |.7 and 1.8 of Appendix | in the
G.8272/Y.1367 Recommendation.

* However, since those set-ups didn’t take into account non-ideal
GNSS conditions, we introduced a 3D ray tracing software in order
to simulate a realistic multipath environment.

* All runs were ~1 day long, static, and before the measurements,
the DUT was always in “Position-Fix” mode, locked to GNSS.
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* The atmospheric conditions, in the simulator, were normal and there were no
other forms of interference present.

- Satellite clock or track errors were not applied either.

* The measured values, from the Packet and Timing Monitor device, where the:
— 1 PPS absolute time error
— 2-way time error (PTP measurement)
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 For our tests we used the following equipment:

— a GNSS signal generator with enough GNSS channels to simulate the multipath
environment.

— a GNSS-based PRTC/T-GM supporting PTP and 1 PPS, capable of tracking GPS L1 &
GLONASS L1 frequencies.

— a 3D ray tracing software.
— a Packet Timing Monitor.
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Figure 1: 1 PPS measurement set-up Figure 2. PTP measurement set-up
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* The dense urban environments, for which we ran our
experimental tests, are:
1. San Francisco, California
2. Manhattan, New York
3. Shanghai, China

10



San Francisco 1/3 Ospirent

3D scene Bas s
Calnex

* The white lines represent the direct signals

* The blue lines represent the refracted
signals

* The red lines represent the reflected signals

Figure 3: San Francisco multipath
environment

Figure 4: San Francisco 3D scene
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Figure 7. 1 PPS absolute time error under

open-sky conditions
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Figure 8. 2-way time error under open-sky

conditions
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Time Error Analysis
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Figure 5. 1 PPS absolute time error under
multipath conditions

Figure 6. 2-way time error under multipath
conditions
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Figure 9: Manhattan multipath Figure 10: Manhattan 3D
environment scene
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Time Error Analysis
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Figure 13. 1 PPS absolute time error under
open-sky conditions
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Figure 14. 2-way time error under open-sky

conditions
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Figure 11. 1 PPS absolute time error under

multipath conditions
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Figure 12. 2-way time error under multipath

conditions
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* There is a big
difference in the
ellipsoidal height, the
pseudorange residuals
and in the satellites that
were used from the

receiver.
""" * Also, the CNO values
s _ Figure 16. GNSS status of DUT under multipath are much smaller in

Figure 15. GNSS status of DUT under open sky

conditions
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Figure 17: Shanghai multipath Figure 18: Shanghai 3D
environment scene

18



Shanghai 2/4

Open sky conditions

Time Error Analysis

Offset Removal Applied off
Zero Offset -24 ns
1pps TE Absolute
120
100
80
60
40
2
)
H
s 0
2
= -20
-40
-80
-80
-100
-120
0 10 000 20000 30 000 40 000 50 000 60000 70 000 80 000
Elansed Time Is1
Mean [ns] -16.784
Min [ns] -26
Max [ns] -7
Max-Min [ns] 19

Figure 20. 1 PPS absolute time error under open-
sky conditions
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Figure 21. 2-way time error under open-sky conditions
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Figure 19. 1 PPS absolute time error under
multipath conditions
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» The ellipsoidal height didn’t
show large differences, but
the pseudorange residuals
were much larger in the
multipath environment than
the values in the open sky
conditions.

* Also, the used satellites were
much less under multipath

Figure 23. GNSS status of DUT under multipath .
conditions conditions.

 The CNO was a lot lower in
the multipath run, when
compared to the values in the
open sky conditions.

Figure 22. GNSS status of DUT under open sky conditions
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« Time recovery is crucial in telecom applications and as we see in Table 1 below, multipath will degrade
the performance of the timing accuracy of the GNSS-based PRTC’s. Thus, being able to simulate this
effect, and introduce new testing methods, will save companies time and money.

San Francisco Shanghai

~ Ope - pa - Absolute Difference (%) kg Ope - pa - Absolute Difference (%) kg Ope - pa - Absolute Difference (%)
abs mean 1 PPS TE 249 233.9 939.3574297 6.442 32.345 502.0956225 16.784 84.3 561.8446139
min 1PPSTE -32 -942 25943.75 -14 -436 3114.285714 -26 -434 1669.230769
max 1 PPSTE -20 1482 7410 = 144 7200 -7 193 2757.142857
max-min 1 PPSTE 12 2424 20200 12 580 4833.333333 19 627 3300
abs mean 2 way TE 29.6 326.9 1104.391892 1.233 26,224 2126.845093 20.565
min 2 way TE -29.623 -1045 3527.664315 -15 -441.5 2943.333333 -33
max 2 way TE -23 1379.5 5997.826087 3.5 136.5 3900 -8
max-min 2 way TE 15.5 2424.5 15641.93548 18.5 578 3124.324324 25

Table 1: Quantitative analysis of the results
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 Our future work on multipath
measurements aims to the
following:

— Measurements from live multipath
environments and comparison to the
simulated results.

— Measurements with L2 and L5
frequencies for GPS, GLONASS and
Galileo.
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