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1 Introduction

This paper analyses the geometric distribution of a mmWave channel due to localized fast fading. The analysis has been carried out by the University of Bristol.

The simulation is based on ray tracing using he scenario in [1].
In the simulation scenario, four Base Stations (BS) were placed at the roadside as shown in Figure 1 in the city centre of Bristol, UK, at the height of 5 m above ground. 
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Figure 1. Ray tracign route in central Bristol
The transmit power at BSs was set to 0 dBm and the operation frequency was 60 GHz. The route was modelled every 1 cm from the beginning of a 500 m-long route. This is shown with white crosses in the figure above. The mobile station (MS) (or Rx) height was set to 1.5 m above ground level. The most important simulation parameters of the experiment can be seen in the table below. It is worth mentioning that the environment considered here is an urban environment.

	Frequency
	60 GHz

	Tx height 
	5 m

	Rx height
	1.5 m

	Ray tracing interval
	0.01 m

	Number of points per route
	50000

	Route length
	500 m

	Tx power
	0 dBm

	Antenna types at Tx and Rx
	Omnidirectional antenna 


2 Spatial evolution of MPC
Regarding the spatial evolution of MPCs, this work is focused on characterising the rate of change of AoA and AoD in both azimuth and elevation planes. The analysis performed is based on both LoS and NLoS links as well as on mixed LoS and NLoS links. The figures below depict the evolution of the azimuth and elevation AoD and AoA angles for BS1. The rest of the BS graphs are inside the zip file. As seen in Figure 1, the two columns of subplots contain the LoS and NLoS angles. Figure 2 contains the first order reflections for all BS1 links.
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Figure 2 Azimuth and Elevation AoD/AoA vs distance for LoS and NLoS links (BS1)
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Figure 3 Azimuth and Elevation AoD/AoA vs distance for 1st order reflection (BS1)

Furthermore, to be able to provide a metric regarding the rate of change of the above parameters, beamwidths of 10, 20, and 30 degrees were considered to investigate when (per the profiles seen above) the MS and the BS must perform a search for a new beam. In Tables 1, 2 and 3 below, it is seen that the travelled distance required in each case for every BS and each scenario before a new search takes place. 
Table 1. 10 degree beamwidth
	10deg
	BS1
	BS2
	BS3
	BS4
	Average
	STDEV

	LOS
	24.375
	19.9
	27.642
	13.667
	21.396
	5.24076364

	NLOS
	5.67
	6.5
	13.2727
	6.2323
	7.91875
	3.10558458

	1st order reflection
	10.2857
	10.697
	7.1912
	6.6098
	8.695925
	1.8129948


Table 2 20 degree beamwidth
	20deg
	BS1
	BS2
	BS3
	BS4
	Average
	STDEV

	LOS
	43
	38.3333
	43.75
	26.8333
	37.97915
	7.807412

	NLOS
	8.5
	6.5
	16.25
	1.0667
	8.079175
	6.287768

	1st order reflection
	12
	11.3871
	7.0328
	6.9487
	9.34215
	2.726884


Table 3. 30 degree beamwidth
	30deg
	BS1
	BS2
	BS3
	BS4
	Average
	STDEV

	LOS
	76.5
	55.5
	58.1667
	32
	37.97915
	7.807412

	NLOS
	8.5
	6
	16.25
	7.5714
	8.079175
	6.287768

	1st order reflection
	13.5
	11.3871
	7.3091
	7.9706
	9.34215
	2.726884


3 Small scale fading

For the characterization of small scale fading we have considered 11000 profiles obtained through Ray tracing simulations along the route. 8000 profiles were analysed for the case of LoS propagation, whereas 3000 profiles have been simulated for the case of NLoS propagation. More specifically, we consider a constant path-loss along 1 meter and therefore the average received power is assumed fixed for this interval. Thereafter the normalized paths are taken keeping the power of the normalized MPCs fixed and equal to 1. In more detail, if the received power is expressed as Y, then Y can be expressed as shown in Eq. 1:
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(1)

where [image: image8.png]E(X)



 denotes the expected value of the variable [image: image10.png]


 and the parameter [image: image12.png]


 is the normalized MPCs so that [image: image14.png]E(a,) =1



. From Eq. 1, it is straightforward that the normalized amplitude [image: image16.png]


 is given by 
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                                                                              (2)

Therefore, investigation of this parameter allows to determine the amount of fading, a metric that depends on the propagation conditions.

It is well known that Nakagami-m fading can describe environments with severe fading as well as links that fading is negligible such as the LoS links. Therefore, Rician and Rayleigh fading can be described with Nakagami-m distribution.  Depending on the value of parameter m various environments can be characterised. The larger the value of m the less severe the fading variation around the mean signal.  Furthermore, Rayleigh fading is a sub-case of Rician fading (K factor goes to 0) but it is useful for testing the analysis when it comes to non-LoS links. 

In Figures 4 and 5 the results for LoS and non-LoS links are presented for a specific route linked to BS1. Note that a more generalized study will be performed directly from both RT and measured data for the next meeting. It is worth mentioning that the obtained channels do not include ground reflections and diffused scattering and the ray tracing software is currently being updated to incorporate both propagation mechanisms. 

Figure 4 demonstrates the results for LoS links. The best fit is obtained using Nakagami -m and Rician distributions. Rayleigh fading cannot describe sufficiently the signal fluctuations due to the nature of the propagation environment.

Figure 5 depicts the results for non-LoS links. In contrast to the case of LoS propagation, the presented results indicate that Rayleigh distribution can also describe the signal variations, thus confirming the non-Los nature of the simulated links.

In general, a Nakagami-m distribution can be employed for modelling the random signal fluctuations of both LoS and non-LoS links by merely adjusting the m-parameter of the distribution. As expected (Table 4) the parameter-m value is significantly lower for the case of non-LoS fading. The presented results correspond to the point to point links as obtained from BS1.
Table 4. m-parameter and Root Mean Square Error (RMSE) for RT simulated LoS and non-LoS links.
	Environment
	m- parameter
	                    RMSE 

	
	
	Nakagami
	Rician
	Rayleigh

	LoS
	5.24
	0.02
	0.02
	0.17

	Non-LoS
	1.17
	0.01
	0.01
	0.02
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Figure 4. Small scale fading for LoS links.

[image: image20.png]de < abscissa)

of (ampl

05

04

01

Amplitude distribution for non-Lo links

Experimental data
Nakagami-m Distribution
Rician Distribution

Rayleigh Distribution

05

1 15
Normalized amplitude

25




                                                      Figure 5. Small scale fading for non-LoS links.

4 Conclusion

This paper has demonstrated the geometric variation in the channel because of small scale fading over short distances.
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