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1. Introduction

This contribution is a review of recent directional mmWave channel model measurements carried out by the University of Durham in the UK. The purpose of the document is to provide relevant measurement-based evidence for the task of identifying major channel model parameters that will influence the development of demodulation and RRM test methods as part of the UE testability study item. The exact channel model parameters for specific requirements will be developed later.
1.1 Test setup
The measurements were performed at 51-57 GHz, which is slightly above the 40 GHz upper limit of the Rel-15 NR WI but close enough to provide useful insights into the behaviour of the channel. The channel sounder is an FMCW-based design as described in [1] and [2].

The transmitter was set up at a fixed direction while the receiver was rotated at each location with 5-degree azimuth resolution. The measurements were obtained with dual polarised horn antennas at the transmitter and at the receiver; with 10 dB gain at the transmitter with beam-width on the order of 56.3º in the E plane and 51.4º in the H plane at 50 GHz. The receive antennas have 20 dB gain with 18.4º in the E plane and 19.7º in the H plane.
Figures 1 and 2 show the above rooftop and below rooftop locations used for measurements.
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Figure 1. Below rooftop locations
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Figure 2. Above rooftop locations

2. Results for power angle profile and power delay profile for four locations
2.1 Below Rooftop, ECS track reception (location 11 in path highlighted in pink in Figure 1)
Figure 3 shows the PDP vs azimuth angle for the sum of all multipath components at each angle.
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Figure 3. ECS track reception (location 11, pink in Figure 1) Power Angle Profile
Figures 4, 5 and 6 show the MPC and delay spread at three separation angles of 165 degrees, 280 degrees and 345 degrees.
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Figure 4. ECS track reception (location 11, pink in Figure 1) MPC by delay spread at 165 degrees off boresight
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Figure 5. ECS track reception (location 11, pink in Figure 1) MPC by delay spread at 280 degrees off boresight
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Figure 6. ECS track reception (location 11, pink in Figure 1) MPC by delay spread at 345 degrees off boresight

2.2 Below Rooftop, under bridge (location 14 in path highlighted in black in Figure 1)
Figure 7 shows the PDP vs azimuth angle for the sum of all multipath components at each angle.
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Figure 7. Under bridge (location 14, black in Figure 1) Power Angle Profile 
Figures 7, 8, 9 and 10 show the MPC and delay spread at three separation angles of boresight, 55 degrees, 180 degrees and 300 degrees.
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Figure 7. Under bridge (location 14, black in Figure 1) MPC by delay spread at boresight

[image: image10.png]Relative power dB
@

55 degrees off boresight

50 100 150 200 250 300
Time delay ns





Figure 8. Under bridge (location 14, black in Figure 1) MPC by delay spread at 55 degrees off boresight
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Figure 9. [Under bridge] MPC by delay spread at 180 degrees off boresight
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Figure 10. Under bridge (location 14, black in Figure 1) MPC by delay spread at 300 degrees off boresight

2.4 Below rooftop Street canyon midpoint, (location 10 in path highlighted in red in Figure 1)
Figure 11 shows the PDP vs azimuth angle for the sum of all multipath components at each angle.
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Figure 11. Street canyon mid-point (location 10, red in Figure 1) Power Angle Profile 
Figures 12, 13, 14 and 10 show the MPC and delay spread at three separation angles of boresight, 210 degrees and 350 degrees.

[image: image14.png]Boresight

Vel
1

< vy
i —

.m_w S&om )

S re)
(o (@

ADRIOY

00

3
Time delay ns





Figure 12. Street canyon mid-point (location 10, red in Figure 1) MPC by delay spread at boresight
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Figure 13. Street canyon mid-point (location 10, red in Figure 1) MPC by delay spread at 210 degrees off boresight
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Figure 14. Street canyon mid-point (location 10, red in Figure 1) MPC by delay spread at 350 degrees off boresight

2.4 4 Below rooftop Street canyon far point, (location 25 in path highlighted in red in Figure 1)
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Figure 15. Street canyon far point Power (location 25, red in Figure 1) Angle Profile

Figures 16, shows the MPC and delay spread at two separation angles of boresight and 165 degrees.
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Figure 16. Street canyon far point Power (location 25, red in Figure 1) at boresight and 165 degrees off boresight

3. Results for power angle profile evolution over adjacent locations
Figure 17 shows the variation in power angular profile for the LoS locations 1-16 in Figure 2.a and for the 52 locations in in Figure 2.b for above the rooftop scenario.
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Figure 17. Above rooftop power angular profile by distance for (a) the 16 locations and for (b) the 52 distributed locations shown in Figure 2.a and 2.b
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Figure 18. Below rooftop power angular profile by distance for 14 consecutive locations along the route highlighted in green in Figure 1 
4. Analysis
4.1 Power angular profile and delay spread
For the power, angular profile at the four locations shown in Figures 3, 7, 11 and 15 it is evident that only two or three angles showed significant power. Further analysis of the MPC at specific angles showed typically two MPC at the chosen angles with time delays extending up to 200 ns. Location [ECS track reception] showed up to 4 MPC but with lower time delay spread. These additional reflections could be due to the presence of trees on either side of the track and the surrounding buildings. The impact on the delay spread is illustrated in Figure 19 which shows the increase in the delay spread in the back beam for a 15-dB threshold from the peak. The figures also indicate that co-polarised waves are received with a higher strength than cross-polarised waves in all scenarios.
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Figure 19: RMS delay spread vs. angle of arrival for location 11 highlighted in pink in Figure 1 (power angle profiles in Figure 3)

These are interesting results since they show a very sparse channel and also show that there can be more than one delay spread for any given AoA.
4.2 Evolution of Power angular profile with distance
Figure 18. shows how the power angular profile evolves from one contiguous location to the next indicating that the channel which for a primarily LoS route is consistent for around 100m in terms of the primary AoA. However, Figure 17 which has a combination of LoS and NLoS locations shows that the angle of arrival can vary between being consistent for the LoS locations and very reception for the NLoS locations.
5. Conclusions
These directional channel measurements taken in urban/suburban environments indicate that the channel is very sparse containing typically two and at most three angles at which significant power was measured. For the analysis of the MPC for any given angle indicated typically two or three components with a delay spread of up to 200 ns with rms delay spread extending to more than 70 ns. In addition, co-polar reception was significantly higher than cross-polar waves indicating the possibility of using cross polarised antennas for diversity transmission.
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