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Session objectives
1. Talking you through the set-up that was used to conduct 

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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Introduction

• 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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Multipath 1/2
Urban canyon environments
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• It 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/N0, while a 

destructive interference results in a decrease in the C/N0. [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.

Multipath 2/2
Geometry & characteristics
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• Our set-up was based on Figures I.7 and I.8 of Appendix I 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.

Time error measurement tests 
set-up 1/4
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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)

Time error measurement tests 
set-up 2/4
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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.

Time error measurement tests 
set-up 3/4
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Time error measurement tests 
set-up 4/4
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Figure 1: 1 PPS measurement set-up
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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

Simulated Scenes
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• The white lines represent the direct signals
• The blue lines represent the refracted 

signals
• The red lines represent the reflected signals

San Francisco 1/3

Figure 3: San Francisco multipath 
environment

Figure 4: San Francisco 3D scene

3D scene
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San Francisco 2/3

Figure 7. 1 PPS absolute time error under 
open-sky conditions

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

Open sky conditions
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San Francisco 3/3

Figure 5. 1 PPS absolute time error under 
multipath conditions

Figure 6. 2-way time error under multipath 
conditions

Multipath conditions
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Manhattan 1/4
3D scene

Figure 10: Manhattan 3D 
scene

Figure 9: Manhattan multipath 
environment



15

Manhattan 2/4
Open sky conditions

Figure 13. 1 PPS absolute time error under 
open-sky conditions

Figure 14. 2-way time error under open-sky 
conditions
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Manhattan 3/4
Multipath conditions

Figure 11. 1 PPS absolute time error under 
multipath conditions

Figure 12. 2-way time error under multipath 
conditions
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Manhattan 4/4
GNSS status of the DUT

Figure 15. GNSS status of DUT under open sky 
conditions

Figure 16. GNSS status of DUT under multipath 
conditions

• There is a big 
difference in the 
ellipsoidal height, the 
pseudorange residuals 
and in the satellites that 
were used from the 
receiver.

• Also, the CN0 values 
are much smaller in 
Figure 16.
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Shanghai 1/4
3D scene

Figure 17: Shanghai multipath 
environment

Figure 18: Shanghai 3D 
scene
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Shanghai 2/4
Open sky conditions

Figure 20. 1 PPS absolute time error under open-
sky conditions

Figure 21. 2-way time error under open-sky conditions
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Shanghai 3/4
Multipath conditions

Figure 19. 1 PPS absolute time error under 
multipath conditions

• Unfortunately, there was no valid PTP measurement 
for this scene. Something must have gone wrong. 

• The 1 PPS time error has an absolute mean value of 
94.3 ns, but it deviated a lot with a maximum value of 
+193 ns and a minimum of – 434 ns.

• The measurements for the open sky conditions are 
within the PRTC-A and B limits.
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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 
conditions.

• The CN0 was a lot lower in 
the multipath run, when 
compared to the values in the 
open sky conditions.

Shanghai 4/4
GNSS status of the DUT

Figure 22. GNSS status of DUT under open sky conditions

Figure 23. GNSS status of DUT under multipath 
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.

Conclusions 

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.

Future Work
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