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1. Background and introduction
At the RAN#69, a SI for channel modeling of frequency spectrum above 6 GHz was approved [1]. Since the high frequency channel model will use the 3GPP 3D channel model as starting points. And the new channel model should be compatible with the channel mode below 6 GHz [2]. So the channel characteristic of 6 GHz is important as the connection point for both high frequency channel model and lower one. In this contribution we provide the large scale and small scale measure results in UMa scenarios.
2. Channel measurement campaign

2.1. Measurement system setup and data post-processing
Sounder

The channel sounder used in 6 GHz UMa measurements is PropSound CS which is developed by Elektrobit of Finland. It was also used in the WINNER project [3]. The PropSound is a Direct-Sequence Spread Spectrum (DSSS) system [4]. BPSK modulated Pseudo-Noise (PN) codes are transmitted over the air, then are received and stored. The I/Q data could be used for further analysis. To resolve the radio channel spatial parameters, PropSound uses antenna arrays and high speed electrical switches to support multiple antenna measurements. For each transmission, one TX antenna and RX antenna are used. When one transmission finished, it will switch to another RX or TX antenna. For the full cycle of switching, it will keep time span smaller than the coherence time.
The system parameter is configured as follows: 
Table 1. Basic configuration of sounder for 3D MIMO configuration

	Parameter
	Setting
	Remark

	Center frequency (GHz)
	6
	

	Bandwidth (MHz)
	100
	

	Number of elements
	56*32
	UPA and ODA are used at Tx and Rx, respectively. The pictures of ODA and UPA are showed in Fig. 2. The details of these arrays are listed in Table 2.


Antenna

In order to collect the raw data with the 3D spatial information, a three dimension omni-directional array (ODA) with 56 antennae was used and a uniform planner array (UPA) with 32 elements was used at Tx side (Figure 1). Table 2 shows the detailed parameters for the antennas.
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Figure 1. ODA at RX (left), UPA at TX (right)
Table 2. Details of MIMO measurement configuration
	Item
	Value

	Antenna type
	ODA
	UPA

	Element number
	56
	32

	Polarization 
	+-45 degree
	+-45 degree

	Spacing 
	0.5 wavelength
	0.5 wavelength

	Arrangement of elements 
	Cylinder
	planar

	Angle range 
	Azimuth
	-180°~ 180° 
	-70°~ 70°

	
	Elevation
	-55° ~ 90° 
	-70°~ 70°


Data processing
After the acquisition of the raw data, we will extract the 3D channel parameters from field channel impulse response (CIR) using the Spatial-Alternating Generalized Expectation-maximization (SAGE) algorithm [5]. The SAGE is one of the most generally used channel estimation algorithms because of its advantages of higher accuracy, availability for the estimation of parameters and applicability for almost every type of antenna array. The parameters that derived from CIR 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.
2.2. Measurement scenarios

The channel measurement campaign is carried out in a school campus in Beijing. The base station (as transmitter side) is installed on top of a 7-floor office building. The base station antenna height is 31m. Surrounding buildings are relatively lower than the base station. 

The measurement routes are planned on the surrounding roads, as showed in Figure 2. Some of the routes are LoS, and others are NLoS. The receiver is on a trolley and the height is 1.8m. The trolley moves at the speed of about 3km/h. This measurement scenario is similar to the Urban Macro (UMa) scenario.
Figure 2 is a top view of the measurement scenario. 
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Figure 2. UMa measurement scenario
3. Measurement campaign results

The large scale parameters could be measured based on the UPA and ODA antenna. By using the SAGE algorithm, K factor, delay spreads and angle spreads could be dervied.

3.1. K factor
The K factor represents ratio of los path power to the other paths. And according to the measuremnts in the UMa scenario, the distribution of K factor fits the normal distribution and the mean value is 17.48 dB.
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Figure 3. K factor for 6 GHz in UMa LoS
3.2. Delay spreads

The delay spreads are mainly calculated from the power delay profiles during the path loss measurements. According to the figures illustrated below, the delay spreads at 6 GHz still fit the log normal distribution. Also it is the same with 3.5 GHz. The delay spread parameters are listed in the Table 3.
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Figure 4. Delay spreads distribution for 6 GHz in UMa LoS (left) and NloS (right) cases
Table 3 Delay spreads in UMa scenario
	
	LoS
	NLoS

	
	Mean ,
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	Std,
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	Mean
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	Std,
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	DS [ns]
	186
	119
	244
	264

	DS [log10(s)]
	-6.81
	0.28  
	-6.84 
	0.46


For 3D channel model, the following elevation-related fast fading parameter values are given based on measurement results. 

· EoA: Elevation angle of arrival

· EoD: Elevation angle of departure

· ESA: RMS elevation angle spread of arrival

· ESD: RMS elevation angle spread of departure
Besides EoA, EoD, ESA and ESD, their cross-correlation with other LS parameters is also given by measurements.
3.3. Angle spreads

Angle spreads are important and very related with the MIMO performance. Angle spreads in both elevation and horizontal are presented. 
3.4. ASA and ASD
Figure 5 illustrates that the angle spreads for departure and arrival which has a good fitness with log normal distribution. And the mean value and standard deviation are list in the Table 3
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Figure 5. ASA and ASD distribution in UMa LoS/NLoS cases
	Table 4. ASD and ASA in UMa  LoS/NloS cases

　　
	LoS
	NLoS

	ASD

log10 ([degree])
	μ
	1.35
	1.29

	
	σ
	0.22
	0.28

	ASA

log10 ([degree])
	μ
	1.69
	1.83

	
	σ
	0.15
	0.12


3.4.1. ESA and ESD
Distribution of ESA and ESD
Figure 6 shows the distribution of ESA and ESD of LoS and NLoS. 
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Figure 6. ESA and ESD distribution in UMa LoS/NLoS cases
ESD and ESA are very close to log-normal distribution.  The mean value μ and standard deviation σ of ESD and ESA are listed in Table 5. 
Note that ESA is larger than ESD whether in LoS or NLoS situation. Elevation angular spread in LoS situation is smaller than that in NLoS situation.
Table 5. ESD and ESA in UMa  LoS/NLoS cases
	　　
	LoS
	NLoS

	ESD

log10 ([degree])
	μ
	1.12
	1.24

	
	σ
	0.21
	0.40


	ESA

log10 ([degree])
	μ
	1.37
	0.37

	
	σ
	0.11
	0.14


Cross-correlation with other LS parameters

The cross-correlation of ESD and ESA with other LS parameters based on measurement is listed in Table 6. 
An important characteristic for the cross-correlation matrix is to keep it positive definite, otherwise it may make correlation of the other large scale parameters impossible for simulations. Therefore, possible modifications to the entire cross-correlation matrix channel model to achieve its positive definiteness might be needed.
Table 6. Cross-correlation of the large scale parameters in UMa LoS/NLoS cases

	
	LoS
	NLoS

	ASD vs DS
	0.0551
	0.1249

	ASA vs DS
	0.0152
	0.0657

	ASD vs ASA
	-0.0569
	0.6009

	ASD vsK
	0.3398
	NA

	ASA vs K
	0.2065
	NA

	DS vs K
	0.2822
	NA

	SF vs K
	
	NA

	ESD vs SF
	
	

	ESA vs SF
	
	

	ESD vs K
	-0.225
	NA

	ESA vs K
	-0.0741
	NA

	ESD vs DS
	-0.0048
	0.1274

	ESA vs DS
	-0.0308
	-0.0259


4. Conclusion

In this contribution, we present the elevation-related parameters based on channel measurement results for UMa.

Proposal 1: K factor of UMa scenario is around 17.48db.
Proposal 2: The delay spread in 6 GHz UMa scenario could be fitted by lognormal distribution. And the parameters are proposed in Table 3. 
Proposal 3: The angle spread in both horizontal and elevation could be fitted by lognormal distribution. And the parameters are proposed in Table 4 and 5. 

Proposal 4:  The cross-correlation of large scale parameter are proposed in Table 6.
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