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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _GoBack]Introduction
At RAN1#87 meeting, it was agreed to use the following working assumption [1] for rural evaluation.
Working assumption:
· Use 38.900 RMa as a starting point for NR evaluations in the rural deployment scenario for frequencies below 6 GHz, with the following modifications:
· FFS on possible modifications to O2I and elevation parameters in 38.900 RMa
· Based on new measurements of O2I and 3D parameters in rural scenario
· Companies are encouraged to bring new measurement results, if any

It is noted that the elevation parameters in TR38.900 and O2I parameters would be FFS and measurements are encouraged to be brought to verify / update the existing parameters shown in TR38.900. This is because these parameters in TR38.900 are educated guesses that do not depend on measurements. Therefore these parameters would need to be updated based on measurements.
This contribution introduces the rural measurements on the elevation parameters and presents the derived parameters for below 6GHz rural channel model. It is proposed to take the updated parameters into account for rural 3D channel model in below 6GHz evaluation.
Introduction of channel measurement campaign
Measurement system and data processing
Sounder
The channel sounder (CS) used in Rural measurements is an autonomous Huawei CS which is developed based on Keysight and NI universal equipments, and operates on 3.5GHz. The Huawei CS is a Direct-Sequence Spread Spectrum (DSSS) system. BPSK modulated Pseudo-Noise (PN) codes are transmitted over the air, and are received and stored. The I/Q data could be used for further analysis. To resolve the radio channel spatial parameters, Huawei CS uses antenna arrays and high speed electrical switches to support multiple antenna measurements. For each transmission, one TX antenna and eight RX antennas 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 channel coherence time duration.
The detailed system parameters are configured as in Table 1.
[bookmark: _Ref471481769]Table 1. Basic configuration of sounder for rural 3D channel measurement
	Parameter
	Setting
	Remark

	Center frequency (GHz)
	3.5
	

	Bandwidth (MHz)
	160
	

	Number of elements
	64Tx for UPA 
64Rx for ODA
	Uniform planar array (UPA) and Omni-directional array (ODA) are used at TX and Rx, respectively. The pictures of ODA and UPA are shown in Figure 1. 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 dimensional Omni-directional array (ODA) with 64 antenna elements was used and a uniform planner array (UPA) with 64 antenna elements was used at TX side (Figure 1). Table 2 shows the detailed parameters for the antennas. 
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[bookmark: _Ref352942503]Figure 1. ODA at RX (left), UPA at TX (right)
[bookmark: _Ref471484098]Table 2. Details of ODA and UPA antenna for measurement configuration
	Item
	Value

	Antenna type
	ODA
	UPA

	Element number
	64
	64

	Polarization 
	
45 degree
	
45 degree

	Antenna element spacing 
	0.5 wavelength
	0.5 wavelength

	Arrangement of elements 
	Cylinder
	Planar

	Angle range 
	Azimuth
	-180°~ 180° 
	-180°~ 0°

	
	Elevation
	0° ~ 180° 
	0°~ 180°



After the acquisition of the raw data, the channel parameters are extracted from the field channel impulse response (CIR) using the Spatial-Alternating Generalized Expectation-maximization (SAGE) algorithm. SAGE is one of the most widely used channel parameter estimation algorithms that could derive the parameters including azimuth of departure (AoD), azimuth of arrival (AoA), zenith of departure (ZoD), zenith of arrival (ZoA), propagation delay, Doppler shift, and polarization matrix, etc, with high accuracy.
Measurement scenarios
The channel measurement campaign is carried out in a school campus in Shanghai in rural area. The base station (as transmitter side) is installed on top of a 5-floor office building. The base station antenna height is about 25m. Surrounding buildings are relatively lower than the base station.  
Figure 2 is a top view of the measurement scenario. The measurement routes are mainly planned on the ground around the TX (“BS” as shown in Figure 2). In the measurement, four routes are selected. Some of the routes are LoS, while others are NLoS. NLOS is mainly caused by the trees and some of the surrounding buildings. The receiver is about 1.5 m height. 
[image: ]
[bookmark: _Ref471498937]Figure 2. Rural measurement scenario
Channel measurement results
In this section, channel measurement results are presented, which are based on the measurement campaign setup and the chosen rural scenario. The elevation/zenith spread of departure and arrival (ZSD and ZSA)  are presented. In addition, the delay spread, angle spread of azimuth departure (ASD) and azimuth arrival (ASA) are also provided for information. 
Delay spreads
The delay spreads are derived from the measurement campaign. According to Figure 3, the delay spreads are listed in Table 3. It is observed that the parameters derived from measurements are very similar to the values in M.2135 [2]. 
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[bookmark: _Ref471498732]Figure 3. Delay spreads distribution of LoS (left) and NLoS (right) in Rural case
[bookmark: _Ref471499396]Table 3. Delay spread of Rural LoS/NLoS cases
	3.5GHz
	LoS
	NLoS

	
	Measurement campaign
	M.2135
	Measurement campaign
	M.2135

	Delay Spread (DS) [log10(s)]
	
Mean ,
	-7.64
	-7.49
	-7.78
	-7.43

	
	
Std,
	0.47
	0.55
	0.34
	0.48



Azimuth angle spreads
In M.2135, ITU RMa model has modelled the ASD and ASA parameters, while elevation angle spread parameters (i.e., ZSD and ZSA) are not available. In this sub-section, the measurement results of ASD and ASA are presented. It is shown that ASA and ASD are as well quite similar to that of M.2135. 
Figure 4 demonstrates the statistics of ASA and ASD in LoS and NLoS cases.  The mean value and standard deviation are listed in Table 4.
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(a) ASA LoS (left) and NLoS (right)
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(b) ASD LoS (left) and NLoS (right)
[bookmark: _Ref445215431]Figure 4. ASA and ASD distribution of LoS (left) and NLoS (right) in Rural case
[bookmark: _Ref445215861]Table 4. ASD and ASA of Rural LoS/NLoS cases
	3.5GHz
	LoS
	NLoS

	
	Measurement campaign
	M.2135
	Measurement campaign
	M.2135

	AoD spread (ASD) log10(degrees)
	
Mean ,
	0.46
	0.90
	0.87
	0.95

	
	
Std,
	0.65
	0.38
	0.57
	0.45

	AoA spread (ASA) log10(degrees)
	
Mean ,
	1.28
	1.52
	1.45
	1.52

	
	
Std,
	0.91
	0.24
	0.67
	0.13



Zenith angle spreads
In this sub-section, the ZSD and ZSA parameters are given for below 6GHz evaluation to update the parameters employed from TR38.900 [3] with educated guess. Figure 5 demonstrates the statistics of ZSA and ZSD in LoS and NLoS cases. The mean value and standard deviation are listed in Table 5, with comparison of parameters in TR38.900.
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(a) ZSA LoS (left) and NLoS (right)
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(a) ZSD LoS (left) and NLoS (right)
[bookmark: _Ref445215450]Figure 5. ZSA and ZSD distribution of LoS (left) and NLoS (right) in Rural case
[bookmark: _Ref445215879]Table 5. ZSD and ZSA of Rural LoS/NLoS cases
	3.5GHz
	LoS
	NLoS

	
	Measurement campaign
	TR38.900 (for above 6GHz up to 7GHz; working assumption as starting point for below 6GHz)
	Measurement campaign
	TR38.900 (for above 6GHz up to 7GHz; working assumption as starting point for below 6GHz)

	ZoD spread (ZSD) log10(degrees)
	
Mean ,
	-0.03
	0.3
	0.15
	0.3

	
	
Std,
	-0.55
	0.40
	0.02
	0.49

	ZoD offset
	0
	0
	0
	arctan((35-5)/ d2D )- arctan((35-1.5)/ d2D )

	ZoA spread (ZSA) log10(degrees)
	
Mean ,
	0.14
	0.60
	0.27
	0.88

	
	
Std,
	0.29
	0.16
	0.27
	0.16

	Cluster ZSA (degree)
	2
	3
	2.5
	3



It is observed that the measurement value show difference compared to educated guesses employed by TR38.900. 
For ZSA parameters, it is observed that the ZSA parameters in TR38.900 are taken from UMi where the transmit antenna are lower than rooftop and receive antennas are surrounded by many buildings. In that case, the ZSA would be large (100.88=7.6degrees for NLoS and 100.6=4degrees for LoS). However, in rural environments, the receive antennas are generally surrounded by trees and small height buildings. The ZSA would be much smaller than in dense urban area like in UMi. So the measurement show smaller ZSA compared to educated guess in TR38.900.
For ZSD parameters, it is again noted that in rural case, the environment surrounding the transmit antenna (BS antenna) is very open, especially for zenith domain. It would result in very limited zenith angle spread. This is also observed in the above table, where the parameters in TR38.900 is taken from UMa, which is also an urban environment that would have larger angle spread compared to rural environment.
Conclusion
In this contribution, the rural measurements are provided to further refine the parameters of the channel model for rural environment for below 6GHz evaluation. It is proposed to take into account the elevation parameters in rural 3D channel model for below 6GHz evaluation.
Proposal It is proposed to use the following zenith parameters for below 6GHz evaluation in rural deployment scenario.
	Rural for below 6GHz
	LoS
	NLoS

	ZoD spread (ZSD) log10(degrees)
	
Mean ,
	-0.03
	0.15

	
	
Std,
	-0.55
	0.02

	ZoD offset
	0
	0

	ZoA spread (ZSA) log10(degrees)
	
Mean ,
	0.14
	0.27

	
	
Std,
	0.29
	0.27

	Cluster ZSA (degree)
	2
	2.5
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