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1. Introduction
3D channel modelling method is introduced in [1] [2] [3]. Two large scale parameters, elevation angle of departure (EoD) and elevation angle of arrival (EoA), are added into the 3D channel model. Cross-correlation parameters between the two large scale parameters and the other five large scale parameters (delay, angle of departure (AoD), angle of arrival (AoA), Shadow Fading standard deviation, Ricean K-factor[2] [3])  are also added into the model. In [1] [4] [5] provide some elevation parameters related to the 3D MIMO channel modelling. 
In this contribution, elevation parameters of UMA scenarios are measured and analysed for 3D channel modelling. 
2. Measurement system
PropSound CS developed by Elektrobit of Finland was used for this measurement. It was also widely used in well-known projects such as WINNER [4]. The channel sounder equipment PropSound is a Direct-Sequence Spread Spectrum (DSSS) system [6]. BPSK modulated Pseudo-Noise (PN) codes are transmitted over the air, and receiver stores the received and demodulated bits on the hard disk as raw I/Q data. To resolve the radio channel spatial parameters, PropSound uses antenna arrays and Time Domain Multiplexing (TDM) with high speed electrical switching. Transceivers are switched one by one at both ends and the switching cycle is kept smaller enough to satisfy the condition of the radio channel coherence time.
For this measurement, the system parameter is configured as follows:
Table1. Basic configuration for 3D MIMO channel measurement 

	Parameter
	Value

	Center frequency(GHz) 
	3.5 

	Bandwidth(MHz) 
	100 

	Code lengths 
	63 

	Transmitter antenna type 
	Uniformed panel array UPA（32 Elements）

	Receivers antenna type 
	Cylinder Omni-directional array（56 Elements） 

	Power 
	2W 

	Transmitter antenna Angle range
	Azimuth
	-180°~ 180° 

	
	Elevation
	-55° ~ 90° 

	Receiver antenna Angle range
	Azimuth
	-70°~ 70°

	
	Elevation
	-70°~ 70°


In order to collect raw data with the 3D spatial signatures, a three dimension omni-directional array (ODA) with 56 antenna elements was installed at the mobile terminal, while a uniform planner array (UPA) with 32 elements was used at the base station, as shown in figure 1. The mobile terminal was placed on a trolley which was moved with pedestrian speed.
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Figure 1. Receiver antenna (left) and transmitter antenna (right)    
3. Measurement scenarios
The measurement campaign was carried out in Beijing.  As shown in figure 2, the measurement scenario is located at a typical urban macro scenario in a university campus. Surrounding buildings are high-rise buildings with heights as shown in the below photos. The transmitters are installed on the top of a 7-floor teaching building. The height of the transmit antennas is 30.8 meters, much higher than the surrounding buildings in the measurement area. 
Two measurement sectors (as shown in figure 3 and figure 4) are planned. In sector A, measurement routes 1# 2# 4# are LOS, and others are NLoS. In sector B, measurement routes 6# 7# 8# 9# 11# 12#13# are LOS, and others are NLoS. The trolley moves at the speed of about 3km/h. This measurement scenario can be classified as or close to a typical Urban Macro (UMa) scenario due to similar propagation characteristics.
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Figure 2. Measurement scenarios and routes
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Figure 3. View of Sector A from the transmitter
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Figure 4. View of Sector B from the transmitter
4. Measurement results
After the acquisition of the raw data, the 3D channel parameters from the field channel impulse response (CIR) using the Spatial-Alternating Generalized Expectation-maximization (SAGE) algorithm [7]. Due to the advantages of higher accuracy, availability for the estimation of parameters and applicability for almost every type of antenna array, the SAGE has become one of the most generally used channel estimation algorithms. These parameters include the azimuth of departure (AoD), azimuth of arrival (AoA), elevation of departure (EoD), elevation of arrival (EoA), propagation delay, Doppler shift, and polarization matrix. Measured 3D channel parameters from our MIMO measurement campaign are independent with actual transmitter array and can represent generic propagation channel conditions from the measurement sites which are further classified with a set of propagation channel parameters per path, e.g. AoA, AoD, power, delay, etc.  
· Distribution of ESA and ESD
The distributions of ESA and ESD in UMa LOS are shown in Figure 5 and the distributions of ESA and ESD of NLOS are shown in Figure 6.
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Figure 5. ESA and ESD distribution in UMa LOS 
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Figure 6. ESA and ESD distribution in UMa NLOS 
Figure 5 and Figure 6 indicate that ESD and ESA (in radian) are very close to a lognormal distribution.  The mean value μ and standard deviation σ of ESD and ESA are listed in Table 2.  We also compare the parameters with WINN2 C2 (urban macro-cell) scenario in the table.
Table2.  Measurement results of ESA and ESD
	scenarios
parameters
	Measurement results

	
	LOS
	NLOS

	ES EoD spread (ESD) 
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	0.21
	0.18
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	0.06
	0.06

	E  EoA spread (ESA) 
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	0.24
	0.30
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	0.12
	0.14


· Cross-correlation between elevation parameters and the other five large scale parameters
Cross-correlation parameters between the two large scale parameters (ESA and ESD) and the other five large scale parameters (delay, angle of departure (AoD), angle of arrival (AoA), Shadow Fading standard deviation, Ricean K-factor[1] [2])  are also added into the model. Table 3 gives the measurement results of these cross-correlations. We also compare our measurement results with WINN2 C2 (urban macro-cell) scenario in the table.
Table3. Cross-correlations of Elevation Parameters
	  scenarios
parameters
	Measurement results
	WINN2 C2

(urban macro-cell)

	
	LOS
	NLOS
	LOS
	NLOS

	ESD vs. SF
	0.07
	0.07
	0
	0

	ESA vs. SF
	0.21
	0.21
	-0.8
	-0.8

	ESD vs. K
	0.20
	N.A
	0
	N.A

	ESA vs. K
	-0.08
	N.A
	0
	N.A

	ESD vs. DS
	-0.33
	-0.37
	-0.5
	-0.5

	ESA vs. DS
	-0.22
	-0.17
	0
	0

	ESD vs. ASD
	0.40
	0.64
	0.5
	0.5

	ESA vs. ASD
	-0.27
	-0.10
	0
	-0.4

	ESD vs. ASA
	-0.38
	-0.25
	0
	0

	ESA vs. ASA
	0.41
	0.02
	0.4
	0

	ESD vs. ESA
	-0.16
	-0.02
	0
	0


· Distribution functions of EoA and EoD
Figure 7 and figure 8 shows the EoD and EoA distribution in UMa LOS and NLOS from field channel measurement results.  Laplace distribution and double exponential distribution are considered for elevation angle distribution. 
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Figure 7. The EoD and EoA distribution in UMa LOS and NLOS
(Compared with Laplace distribution)
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Figure 8. The EoD and EoA distribution in UMa LOS and NLOS

(Compared with double exponential distribution)
Distributions of EoA and EoD are very close to Laplace distribution and double exponential distribution.  In Table 4, the mean values and standard deviations of Laplace distribution and double exponential distribution in Figure 7 and Figure 8 are given. We recommend using Laplace distribution to model the EoA and EoA for performance evaluation.
Table 4. Distribution parameters in figure

	
	Laplace distribution
	Double exponential distribution

	
	LOS
	NLOS
	LOS
	NLOS

	EoA
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	0.00
	4
	0
	4
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	1.4
	2.98
	0.55
	0.45

	EoD 
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	-4.0
	6
	-4
	6
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	2.46
	0.02
	0.6
	0.55


· Relation between AS and distance 
Figure 9 shows the measured angular spreads as a function of the distance in LOS condition. From the figure it can be seen that the ESD is almost constant with the increase of the distance between the mobile terminal and the base station. But the ESA shows obvious dependency on the distance. With the increase of the distance, both the linear and the exponential fits of the ESA decrease with a rate of about 0.013 degrees/meter.
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Figure 9. Relation between AS and distance in UMa LOS scenarios
In NLOS condition, due to the measurement data are not available with distance continuously, averaging of measurement samples are carried in different distance ranges (143-163m \214-240m\304-335m). Table 5 gives the relation between AS and different distance ranges in NLOS condition.
Table 5.  The relation between AS and the different distance in NLOS condition
	Distance
	143-163m
	214-240m
	304-335m

	ESD(degree)
	13.55
	9.33
	8.61

	ESA(degree)
	29.74
	13.70
	13.77


Table 5 indicates that both the ESD and ESA general decreases with the increase of distance. To derive a proper relationship between AS and distance in NLoS propagation condition still requires more data and will be FFS.
· Number of clusters 
The number of clusters, azimuth and elevation spread of arrival and departure spread in a cluster are given in the following table.

Table 6.  The cluster parameters
	
	
	Cluster Num
	CASA
	CASD
	CESA
	CESD

	UMa
	LOS
	14
	15
	9
	11
	7

	
	NLOS
	16
	12
	6
	8
	5


5. Conclusions
In this contribution, we present the field measurement methodology and report the results for the elevation parameters of the 3D MIMO channel under UMa scenario. Based on the results, we propose: 
Proposal 1: Consider the parameters reported in Table 2, 3, 4 and 6 to update the 3D MIMO channel parameters in [4].
Proposal 2: Use Laplace distribution to model the EoD and the EoA. 
Proposal 3:  The mean value of the AS parameters Ε (ESA, ESD in degree) should be modelled as a function of the distance (in meters) between the mobile terminal the base station, 

Ε [˚] =Ε [˚] +β(d;

Where the factor β should be determined according to the following table:

Table 6.  The relation between AS and the different distance in NLOS condition
	Parameters
	β(degrees/meter)

	ESA
	LOS
	-0.013

	
	NLOS
	FFS

	ESD
	LOS
	0

	
	NLOS
	FFS
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