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1 Introduction

These results have been prepared by the University of Bristol using a Keysight channel sounder at 60 GHz. This frequency is above the 40 GHz limit for Rel-15 but it is known that there are not large differences in propagation between 28 GHz and 60 GHz so these results are useful in understanding the lower mmWave frequencies as well.

2 Measurement setup
The measurement location was Cantock’s close in Bristol city centre, an urban micro scenario including buildings and vegetation. Figure 1 shows the area and route.

The channel sounder campaign was carried out at Cantock’s Close, outside Merchant Venturer’s Building (MVB), at the University of Bristol. The transmitter TX was located in a fixed point on a third-floor-balcony in MVB. The receiver RX antenna was mounted on a pole, and this in turn over a trolley. Fifteen test points were considered overall. All fifteen test points are located in Cantock’s Close north pavement (top pavement), as it is shown in the Fig 1.
Table 1. TX and RX heights

	Parameter
	Value (meters)

	RX antenna height from ground
	1.75

	TX antenna height from ground
	6.45


In every test point, the receiver performed a quasi 3D scan (360° spin) in the azimuth plane and 90° (45° to -45°) in the elevation plane. The signal is captured every 1° in the azimuth plane, and every 5° in elevation plane.
TX and RX antennas are dual polarised circular horn antennas. Both antennas are directive and have 25 dBi as nominal gain, and a Half Power Beam-Width (HPBW) of 12 degrees, based on antenna pattern measurements. In addition, the transmitted power for all points in both polarisations was 40 dBm. This value includes the TX antenna gain, 25 dBi.
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Figure 1. Cantock’s close, Bristol with route
Table 2. TX-RX for all positions

	RX Location
	Distance from the TX (m)

	Point 1
	28.97

	Point 2
	30.8

	Point 3
	33.04

	Point 4
	35.63

	Point 5
	38.77

	Point 6
	41.19

	Point 7
	42.6

	Point 8
	43.78

	Point 9
	44.6

	Point 10
	46.67

	Point 11
	49.05

	Point 12
	52.37

	Point 13
	54.4

	Point 14
	57.05

	Point 15
	59.19


3 Measurement results

For the following analysis, the power was normalized respect to the strongest multipath in the complete route, which was the strongest multipath in the position 1. This was made in order to visualize the evolution of the power in the angular domain, and its variation with respect to distance. In addition, in this way the analysis is focused only in the meaningful power components.
3.1 Line of Sight (LoS) region
In the Line of Sight (LoS) region the strongest multipath component (MPC) is located in the boresight between the Transmitter (TX) and the receiver (RX). The reduction of 7 dB in the power between the position 1 and position 9 (last position of Line of Sight) is due mainly to propagation effects. In all position of this region can be seen mainly one cluster, which contains the strongest multipath. Maximum two additional cluster are present in the results. One of them is the ground reflection that can be observe in the spectrograms with a strong power almost 30 degrees below the LoS. In some positions usually appear a MPC with at least 25 dB lower than the strongest MPC the LoS noticed in the azimuth plane, these MPC are produced for the reflection in the large reflectors such as the big wall behind the positions where the RX antenna was located.
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Figure 2. Position 1
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Figure 3. Position 3
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Figure 4. Position 5
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Figure 5. Position 7
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Figure 6. Position 9
3.2. Non-Line of Sight region (NLoS)
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Figure 7. Position 10
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Figure 8. Position 11
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Figure 9. Position 12
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Figure 10. Position 14
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Figure 11. Position 15
4. Conclusions

· According to the analysis of the measurements in LoS points, there is no more than 3 cluster. In the best case, the difference in power between the cluster with the strongest MPC and the others is at least 7 dB. In most positions the difference is higher than 10 dB.
· Ground reflection is observed in LoS, in some cases the difference between LoS and ground reflection is less than 10 dB, however this is exceptional.
· The observed clusters do not show high angular dispersion. LoS is strongly dominant in the whole LoS region.

· NLoS is a region with more sparsity, but the power is 30 dB smaller than the strongest MPC in the measurement campaign, so the MPC are not meaningful to establish a reliable communication even though there is sparsity in the angular domain.[image: image12.png]
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