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Introduction 

This contribution is focused on the Base Station-Mobile Station (BS-MS) link for microcellular networks. It studies the impact of the BS antenna height and BS position on the shadow fading (SF) based on a measurement campaign for Line of Sight (LOS) and Non Line of Sight (NLOS) conditions. Note that this contribution does not study the impact of the UE height on shadow fading.
Initially, WINNER project proposed PL models for microcell environment with the shadow fading standard deviation for Manhattan-like grid (3 dB for LOS and 4 dB for NLOS conditions) [1-2]. In addition to the models proposed by [1-2], ITU-R proposes a NLOS PL model for microcell hexagonal layout [3] keeping the same value of the SF that had been proposed by [1-2] at 4 dB. This can underestimate the real SF value since the models proposed for Manhattan-like grid are assumed to be more accurate than the hexagonal models. The models proposed by [1-3] have been reused by 3GPP [4]. 
There are few paper that discuss the shadow fading Std for hexagonal layout. [5-7] propose a PL model with the shadow fading (3.1 dB for microcell where it is not mentioned whether this value is for LOS or NLOS). The propagation distance in this work is relatively small (d < 300m). This could explain the low value of the shadow fading. [8] proposes a PL model for microcellular network for different BS antenna heights and positions and for different environments. The presented shadow fading varies drastically between 3 dB and 12 dB depending on the measurement environment. The SF low values are reported in the Manhattan-like grid regions while the high values are reported in the region where irregular building layout exists. This can raise the question about the shadow fading that should be used for microcellular networks. 
This work characterizes the shadow fading for microcellular networks and proposes some modifications for the SF values proposed by [4]. 
Measurement Campaign and Data Processing

The measurements were performed in the city of Belfort, France. The measurement environment is a typical medium urban city with 3-5 story buildings. The average building height and the street width are about 15-20 meters and 7-12 meters, respectively. The measurements were performed at five BS locations in an area named herein as Train Station (BS1, BS2, BS3, BS4, BS5) and five BS locations in another area named Old City (BS6, BS7, BS8, BS9, BS10). An omnidirectional dipole antenna was installed in a van playing the role of BS. The BS antenna transmitted a narrow band signal at a central frequency of 2.1 GHz. The transmitted power was set at 40 dBm. The BS antenna was set in a mast that can be raised from 4-13 meters (fig. 1). Another omnidirectional antenna was set on the roof of a vehicle to simulate the MS at a height of 2 m (fig. 2). The vehicle was moving at a speed of 20 km/h in a predefined measurement route. The measurement route lengths in the Train Station and the Old City were 17 Km and 9 Km, respectively. The BS positions for the two regions with the measurement routes of the Train Station and the Old City are depicted in figures 3 and 4, respectively. These measurements were carried out when the relay antenna was set at 4.7m, 8.8m and 12.7m. The received signal variation consists of fast fading and slow fading components. The data must be averaged in order to obtain the local mean power by smoothing out the fast fading part. The averaging process was done by the shifting window method. This method is defined by two parameters W and D, where W defines the averaging distance expressed by the number of raw measurement points and D represents the shifting distance between two successive groups of W points. According to [9-10], the optimal values of W and D are 20 and 10 respectively. For more details about data processing see [9-10].
The BS-MS path loss  is calculated using (1).

	(1)
where Pt and Pr represent the transmitted and received power by the BS and MS, respectively. GT and Gr are the BS and MS antenna gain, respectively. Lcable is the cable loss.
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	Figure 1: BS van with 3 antenna height
	Figure 2: MS vehicle
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	Figure 3: Different BS positions for Train Station area
	Figure 4: Different BS positions for Old City area


Measurement points can be gathered into two groups of points that follow two different PL models: the Line of Sight (LOS) and Non Line of Sight (NLOS) groups. Before any analysis, point classification is needed. An example of measurement classification for BS5 is depicted in Fig 5. 
[image: ]
Figure 5: Example of LOS/NLOS classification for BS5
Shadow Fading Modeling

The Shadow Fading is the local path loss variation around the log-distance model due to the attenuation of building, hills or vegetation. The shadow fading is calculated by evaluating the difference between a log-distance PL model and the measured data. The considered PL models are those defined by [4] and the estimated PL by fitting the linear regression for the measurement campaign. This section aims to calculate the shadow fading standard deviation for each BS position and antenna height for LOS and NLOS conditions.
0. LOS Shadow Fading

The PL model for 3D-UMi LOS scenario in [4] is given in (2). The current working assumption is to use a shadow fading standard deviation of 3 dB.

 	(2)



where fc[Hz] is the central frequency,  , c = 3.108 is the propagation velocity in the free space.and are the effective antenna height at the BD and at the user, respectively. h'BS = hBS – 1.0 m, h'UT = hUT – 1m. 
For each BS antenna height and for each position, Table I presents:
· The PL exponent values (n) and the intercept values (b).
· 
The shadow fading Standard deviation (Std) of the  PL model.
· The Std of the 3D-UMi LOS model.
The shadow fading values vary between 3.1 dB and 7 dB with a mean value of 4.4 dB. The SF changes slightly with the change of PL model. The SF is independent of BS antenna height. The working assumption of SFstd = 3 dB underestimates the real shadow fading. Figure 6 presents the shadow fading probability function for LOS conditions, for different BS positions and antenna heights with a standard deviation of 4.5 dB. These high values can be due to existence of the vegetation phenomenon around the BS station.

TABLE I. Shadowing fading values for LOS conditions
	

BS Position
	
	
	

	
	
n
	
b
	
Std (dB)

	Std
3D-UMi LOS
(dB)
	
n
	
b
	
Std (dB)
	Std
3D-UMi LOS
(dB)
	
n
	
b
	
Std (dB)
	Std
3D-UMi LOS
(dB)

	BS1
	2
	35
	5
	5
	1.8
	39
	4.6
	4.8
	1.7
	42
	5.1
	5.3

	BS2
	2.2
	37
	4.6
	4.7
	2.2
	36
	3.9
	3.9
	1.7
	44
	3.9
	4

	BS3
	2
	33
	4.3
	4.3
	1.7
	41
	4.4
	4.6
	16
	43
	4.3
	4.5

	BS4
	1.9
	38
	5.3
	5.4
	2.2
	32
	5.3
	5.3
	2.2
	33
	5.3
	5.3

	BS5
	2
	38
	3.5
	3.5
	1.5
	50
	4.3
	4.6
	1.8
	47
	4
	4.1

	BS6
	2.8
	19
	4.4
	4.3
	2.3
	38
	3.8
	3.8
	1.9
	45
	3.1
	3.2

	BS7
	2
	39
	4.7
	4.7
	1.9
	41
	4.7
	4.8
	1.7
	46
	4.5
	4.6

	BS8
	2.5
	28
	4.3
	4.4
	2.4
	32
	4.3
	4.3
	2.1
	39
	3.9
	3.9

	BS9
	1.9
	42
	3.7
	3.8
	2.4
	36
	6.9
	7
	2
	43
	3.9
	3.9

	BS10
	2.2
	41
	4.4
	4.4
	2
	44
	4
	4
	14
	53
	3.8
	4.1
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Figure 6: Shadow fading distribution for LOS conditions

0. NLOS Shadow Fading

The presented PL model for 3D-UMi NLOS scenario in [4] is given in (3) as follows:

	(3)
This model is applied for 10m < d < 2000m and for hBS  = 10m and the current working assumption is to take a shadow fading standard deviation of 4 dB.

Table II presents for each BS antenna height and for each position:
· The PL exponent values (n) and the intercept values (b).
· 
The shadow fading Standard deviation (Std) of the  for NLOS conditions.
· The Std of the 3D-UMi NLOS model.
The shadow fading values vary between 5.7 dB and 13 dB with a mean value of 9.2 dB. The SF changes slightly with the change of PL model. The current working assumption of SFstd = 4 dB underestimates the real shadow fading. Figure 7 presents the shadow fading probability function for NLOS conditions, for different BS positions and antenna heights with a standard deviation of 9.5 dB. The irregular buildings layouts allow the signal to scatter in all directions. This can explain the shadow fading high values.
TABLE II. Shadowing fading values for NLOS conditions
	

BS Position
	
	
	

	
	
n
	
b
	
Std (dB)

	Std
3D-UMi NLOS
(dB)
	
n
	
b
	
Std (dB)
	Std
3D-UMi NLOS
(dB)
	
n
	
b
	
Std (dB)
	Std
3D-UMi NLOS
(dB)

	BS1
	4.4
	9
	9.8
	10
	4.1
	16
	8.9
	9
	3.6
	27
	8
	8

	BS2
	4.3
	23
	7.9
	8.1
	3.9
	30
	7.5
	7.6
	3.6
	31
	6.9
	6.9

	BS3
	4.7
	9
	9.2
	9.6
	4
	25
	8.9
	8.9
	3.3
	40
	8
	8.1

	BS4
	4.7
	9
	7.9
	8.2
	4.1
	17
	6.6
	6.7
	4.1
	13
	5.7
	5.8

	BS5
	5.5
	-14
	10.5
	11.4
	5
	-3
	9.3
	9.8
	4.6
	5
	8.2
	8.5

	BS6
	5.2
	-4
	9.2
	9.6
	4.9
	2
	9.3
	9.6
	4.1
	17
	7.7
	7.8

	BS7
	5.6
	-8
	12.3
	13
	5.4
	-5
	12.5
	13
	5.3
	-3
	12.4
	12.9

	BS8
	4.3
	14
	9.5
	9.6
	4
	22
	8.9
	9
	3.4
	35
	9.3
	9.3

	BS9
	6.1
	-26
	8.5
	9.3
	5.4
	-10
	9.4
	9.9
	5.1
	-6
	7.4
	7.8

	BS10
	5.8
	-19
	8.7
	9.3
	4.9
	-3
	8.8
	9.2
	4.6
	4
	8.7
	8.9
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Figure 7: Shadow fading distribution for NLOS conditions
In some positions the shadow fading standard deviation remains the same while increasing the BS antenna height (BS7, BS8, BS10, etc). In other places (BS4, BS5, etc), the shadow fading standard deviation decreases with the increase of BS antenna height.

Figures 8 and 9 present the panoramic view for BS7 at an antenna height of 4.7m and 12.7m, respectively. At 4.7 m, the BS antenna height is below the buildings height (microcell scenario). At this height, the SF is 12.3 dB. While increasing the BS antenna height from 4.7 m to 12.7 m, the SF Std remains the same (12.4 dB). At this height, the BS antenna remains below the rooftop levels. 

Figure 8: Panoramic view for BS7 at an antenna height of 4.7m

Figure 9: Panoramic view for BS7 at an antenna height of 12.7m

Figures 10 and 11 present the panoramic view for BS4 at an antenna height of 4.7m and 12.7m, respectively. At 4.7 m, the BS antenna height is below the buildings height (microcell scenario). At this height, the SF is 7.9 dB. While increasing the BS antenna height from 4.7 m to 12.7 m, the SF Std decreases from 8 dB to 5.7 dB. At this height, the BS antenna is slightly higher than the rooftop levels. Thus, the propagation scenario can be considered as macro cell scenario. The calculated Std (5.7 dB) agrees with the value proposed as a working assumption for macro cell environment (6 dB). 
[image: C:\Users\rbqd8620\Desktop\dauphinL.jpg]
Figure 10: Panoramic view for BS4 at an antenna height of 4.7m
[image: C:\Users\rbqd8620\Desktop\dauphinH.jpg]
Figure 11: Panoramic view for BS4 at an antenna height of 12.7m

In microcell NLOS scenario two propagation phenomena exist:
· Diffraction over rooftop levels: it is the diffraction over horizontal edges that are located around the BS and MS line as shown in figure 12. The propagation distance in this phenomenon is slightly greater than the distance d (d is the distance between the BS and MS). This phenomenon is favorable in macro cell scenario. The shadow fading values vary between 6-8 dB.
· Street canyonning phenomenon: in this phenomenon, the BS is located between buildings from two different sides that form the street canyon. In this case, the signal can be reflected or refracted many times in order to be propagated to the destination as shown in figure 12. For a mobile at a distance d, the MS can receive the signal through different routes. The propagation distance in this case may be largely greater than the distance d. As a consequence, the shadow fading can be higher than the shadow fading related to the diffraction over rooftops (8-12 dB).
[image: ]
Figure 12: Example of propagation phenomenon in microcell scenario
These two phenomena exist in microcell scenario. The street canyoning phenomenon exists explicitly in microcell scenario. The SF values in this case vary between 8-12 dB. The diffraction over roof tops exists explicitly in macrocell scenario. The SF values in this case vary between 6-8 dB. The SF proposed by 3gpp for microcell and macrocell are 4 dB and 6 dB, respectively. As a general conclusion, the SF for microcell scenario must be changed while the shadowing for macrocell scenario can be remaining the same.    
Conclusion

Observation: According to the measurement campaign presented in this contribution:
The LOS shadow fading is independent of base station antenna height. Its standard deviation is 4.5 dB. Since there is no much difference with the current working assumption (3 dB), 3 dB can be a convenient value for LOS conditions.
The NLOS shadow fading is independent of base station antenna height. Its standard deviation is 9.5 dB, which is higher than the current working assumption (4dB).

Proposal: For the micro urban environment:

For NLOS conditions, the shadow fading standard deviation is 9 dB. 
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