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Introduction
This contribution provides a procedure for generating channel response for a directional base station antenna placed in an aisle in a factory environment, with and without LOS to the terminal. The resulting channel responses provide a distribution of effective azimuth gain consistent with observations. The approach is similar to the channel modeling methodology of TR 38.901 [1]. Here the response is assumed to be a single cluster in azimuth, of lognormally distributed width and Gaussian shape. 
Measurements of power azimuth spectra and effective gain
Measurements were collected with a narrowband sounder, transmitting a 28 GHz continuous wave (CW) tone at 22 dBm into a 55o HPBW,10 dBi gain horn antenna at 1 m height. The receiver was a 10o HPBW, 24 dBi horn antenna, mounted on a rotating platform at 2.6 m height. The system was calibrated in the lab and anechoic chamber to assure absolute power accuracy of 0.15 dB.  Path loss results from the same measurement data have been reported in [2]. A typical NLOS measurement geometry is illustrated in Figure 1. 
	[image: ]

	Figure 1. Illustration of a typical NLOS measurement route on a factory floor where a transmitter (red) was placed on lower right in clutter, while a spinning receiver (orange) moved along the aisle to a range of about 100 m.





Over 1000 links (each at a different transmitter/receiver location) were measured with a spinning 10o horn antenna, allowing measurements of azimuth power angular spectra, recorded every 1o. The measurement is naturally the result of circular convolution (here denoted as ‘*’) of the complex channel azimuth spectrum  and complex antenna angular response :

[bookmark: ZEqnNum609309]	 	  
The recorded power is

[bookmark: ZEqnNum399094]	 	
For each measured link, an effective azimuth gain is computed as the ratio of maximum to average-over-azimuth: 

[bookmark: ZEqnNum316450]	 	
The overall collection of over 1000 links distributed over different transmitter/receiver locations allows for a distribution of effective azimuthal gains. One goal of the model presented below is to provide a method for creating synthetic azimuthal spectra emulating the observed azimuthal gain distribution. 

Simulation procedure


[bookmark: MTBlankEqn]The approach is to represent the spatial channel as a Rician fading channel with a corelated scattered component. The signal arriving at the receiver is viewed (through a spatial Fourier transform) as a collection of plane waves from different azimuth directions , centered around , chosen as direction towards the terminal (or the direction of the factory aisle towards the terminal, for a base placed in the aisle):

[bookmark: ZEqnNum492575]	 	



Where is the power azimuth spectrum and complex amplitudeis the realization of the short scale fading in direction , assumed to follow Rayleigh fading. The parameter K is a Rician K-factor. 


The power azimuth spectrumis modelled as a Gaussian of rms width:

[bookmark: ZEqnNum703977]	 	
This would correspond to a single cluster as modelled in other channels [1].

The rms width, expressed in degrees, follows a lognormal distribution 

[bookmark: ZEqnNum528669]	 	
The Rician K factor is assumed to follow a lognormal distribution as well:

	 	



[bookmark: _Ref533874176]Where the mean and standard deviation of  and are listed in Table 1 for LOS and NLOS cases. The NLOS case has K=0 while the scattered component rms width  follows the same distribution in both cases. The rms widthobserved at 2.6 m high rotating antenna is equivalent to the azimuth spread of departure at BS.
Table 1: Azimuth spread of departure and Rician K-factor in a factory
	
	
	LOS
	NLOS

	AOD spread (ASD)
lgASD=log10(ASD/1),  
	ASD
	1.55
	1.55

	
	ASD
	0.25
	0.25

	Rician K-factor
	K_dB
	5 dB
	-

	
	K_dB
	3 dB
	-





Using  to generate an ensemble of rms widthsand Rician K-factors, allows generation of an ensemble of channel azimuth responses  , using . 
The actual antenna response in this channel is generated through convolving the channel response h with the (complex) antenna pattern as in   . In this contribution complex antenna response is used, as it is available. If the phase of the antenna response is unavailable, it may be assumed to be constant (e.g. 0) for all azimuths as an approximation, reasonably valid within the main beam.

An example of the power azimuth pattern  , resulting from the convolution of one such channel realization with a 10o-wide horn antenna pattern is shown in Fig 2 (LOS) and 3 (NLOS):
	[image: ]

	
Figure 2. Sample pattern   in LOS factory environment (base and terminal in the same aisle), resulting from circular convolution of channel realization with a complex pattern of a 10o horn antenna. 



	[image: ]

	
Figure 3. Sample pattern   in NLOS factory environment (base in aisle, terminal in clutter) resulting from circular convolution of channel realization with a complex pattern of a 10o horn antenna. 


 
A distribution of effective azimuth gains, computed using , is compared against the observed distribution in factory measurements in Figures 4 (LOS) and 5 (NLOS):

	[image: ]

	Figure 4. Measured and simulated azimuth gain distribution in LOS factory links (base and terminal in the same aisle).



	[image: ]

	Figure 5. Measured and simulated azimuth gain distribution in NLOS factory links.



Conclusion
This contribution presents measurements of directional channel response in a dense factory clutter environment at 28 GHz frequency. The azimuth spread of departure (ASD) for LOS and NLOS conditions are extracted from the procedure for generating angular channel response. The resulting responses produce a distribution of effective azimuthal gains within 0.5 dB in LOS and within 0.2 dB in NLOS of the observed distributions collected with a narrowband directional sounder.
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