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1. Introduction
It was agreed in previous RAN1 meetings to consider 3D MIMO channel model based on current ITU channel models [1, 2] as a working assumption, and the channel modelling proposed in WINNER + [1] and WINNER II [3] can be utilized as a reference [2]. The 3D channel modelling method has been discussed in [4] [5]. Two elevation parameters, the zenith angle of departure (ZoD) and the zenith angle of arrival (ZoA), are added into the 3D channel model. Cross-correlation parameters between the two parameters and the other five large scale parameters (delay, azimuth angular spread of departure, azimuth angular spread of arrival, Shadow Fading standard deviation, Ricean K-factor[2] [3])  are also added into the model. 
In [6], we reported our measurement results for the new elevation parameters for the UMa scenario. In [9], we reported our measurement results for the new elevation parameters for the UMi outdoor-outdoor scenario. This contribution reports the results for the elevation parameters of the UMi outdoor-indoor scenario.
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:

Table 1. 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 the following figure. The mobile terminal was placed on a trolley which was moved with pedestrian speed.
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Figure  1. Transmitter antenna (left) and receiver antenna (right)    
3. Measurement scenarios

The O2I scenario, defined as B4 in [3], is seen as a hybrid of UMi Outdoor and the Indoor Office propagation environment.  Our O2I measurement campaign was carried out in the same site as the UMi MIMO measurement campaign [9]. Figure 2a shows the location and height of surrounding buildings. Figure 2b shows the floor plan of the 4th floor inside the building. Other floors have similar floor plan. On each floor, the small area around the window is categorized as LOS to the transmitter. Other sampling locations are categorized as NLOS. The measurement routes cover both the LOS and NLOS area.
[image: image3.jpg]


       
[image: image4.emf]H

a

l

l

w

a

y

Office

Office

21.5m

Corridor

LOS

LOS

Transmitter

Window

Door


a) Outdoor (©Baidu 3D Map)   


     b) Indoor measurement routes on a floor
Figure 2. O2I measurement scenario

The transmitters are installed on the top of a 3-floor building, which is 21.5 meters away from the building where the receiver is located. The height of the transmit antennas 
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 is 10.8 meters, and the receiver heights at different floors relative to the transmitter (
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) are listed in the following table:

Table 2. Relative heights of receiver antenna at different floors
	Floor number
	1
	2
	3
	4
	5
	6
	7
	8

	Relative Height (meters)
	-10
	-4.8
	0.8
	2.6
	6.4
	9.8
	13.8
	17


4. Measurement results

After the acquisition of the raw data, the 3D propagation channel parameters are obtained 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 algorithm has become one of the most widely-used channel estimation algorithms. The parameters include the azimuth angle of departure (AoD), azimuth angle of arrival (AoA), zenith angle of departure (ZoD), zenith angle of arrival (ZoA), propagation delay, Doppler shift, and polarization matrix. Measured 3D channel parameters from our MIMO measurement campaign are independent of the 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.  

· Power Angular Spectrum of ZoA and ZoD [TBD]
· Cross-correlation between elevation parameters and other large scale parameters
Cross-correlation parameters between the two large scale parameters (ZSA and ZSD) and the other five large scale parameters (delay, ASA, ASD, Shadow Fading standard deviation, Ricean K-factor[1] [2])  are also added into the 3D channel model. The following table gives the measurement results of these cross-correlations. 
Table 3. Cross-correlations of Elevation Parameters
	
	All Floors
	Floor 1
	Floor 2
	Floor 3
	Floor 4
	Floor 5
	Floor 6
	Floor 7
	Floor 8

	ASA v.s. DS
	0.18
	0.41
	0.45
	0.02
	0.23
	0.31
	0.05
	0.44
	-0.09

	ASD v.s. DS
	0.29
	-0.25
	-0.05
	0.28
	-0.02
	-0.20
	-0.16
	0.10
	-0.03

	ASA v.s. ASD
	-0.35
	-0.41
	-0.49
	-0.49
	-0.19
	0.07
	-0.88
	-0.21
	-0.26

	ZSD v.s. DS
	-0.73
	0.08
	-0.50
	0.15
	-0.41
	0.19
	0.29
	0.06
	0.20

	ZSA v.s. DS
	-0.53
	0.44
	0.29
	-0.27
	0.10
	-0.89
	-0.09
	0.03
	-0.21

	ZSD v.s. ASD
	-0.21
	0.17
	0.64
	0.81
	0.44
	0.50
	0.35
	-0.24
	-0.52

	ZSA v.s. ASD
	0.42
	-0.55
	-0.53
	-0.49
	-0.28
	-0.74
	-0.81
	-0.40
	0.27

	ZSD v.s. ASA
	-0.21
	-0.28
	-0.75
	-0.65
	-0.40
	-0.49
	-0.46
	-0.12
	0.43

	ZSA v.s. ASA
	0.13
	0.75
	0.80
	0.52
	0.33
	0.79
	0.92
	0.34
	-0.16

	ZSD v.s. ZSA
	0.38
	-0.01
	-0.69
	-0.39
	-0.41
	-0.55
	0.56
	0.20
	-0.34

	ZSD v.s. SF
	-0.15
	0.00
	-0.73
	0.04
	-0.51
	-0.17
	-0.32
	0.31
	0.38

	ZSA v.s. SF
	0.13
	0.69
	0.55
	0.24
	0.65
	0.11
	0.53
	0.40
	0.25


· Number of Clusters and Cluster-wise ZSD and ZSA 
The number of clusters, azimuth and elevation spread of arrival and departure spread in a cluster are given in the following table. Note that following the definition in [3], O2I is defined for NLOS scenario only.
Table 4.  The cluster parameters

	
	Cluster Num
	CZSA[o]
	CZSD[o]

	UMi O2I
	NLOS
	16 
	7
	6


5. Procedure for generating the elevation departure and arrival angles 
The generating procedure of UMi is the same with that of UMa scenario [6].

6. Study of Height Dependency of Elevation Parameters
In O2I scenario, the wireless signals propagated from the transmitter to the receiver may be blocked by the walls, the windows, and the floors. It may also be reflected by the ceilings and floors. Due to the asymmetric reflections of floors and ceilings, the elevation ray may exhibit different angular characteristics on different floors. It is necessary to evaluate its impact and properly model it. 
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Figure 3. Propagation of elevation rays under 3D O2I scenario
Figure 3 illustrates the per-floor signal propagations of elevation rays in O2I scenario. It can be observed from the field that the elevation rays can arrive the receiver via a combination of LoS and NLOS rays in general. On the other hand, as the UE moves up and down away from the transmitter, the incident angle (α) between the LOS direction and the reflection/diffraction directions becomes smaller. Based on this analysis, we expected that the following elevation parameters may be correlated with the height between the transmitter and the receiver:

· Elevation angle distribution;

· Power weighted mean elevation angles;

· Elevation angular spread (ZSA and ZSD) distribution;

· Elevation angular spread (ZSA and ZSD) mean and standard deviation

Particularly, we expect at least the second order moment mean values (angular spread) increase with the increase of height of the receiver relative to the transmitter.
The mean 
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 and standard deviation 
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 of the normal distribution of ZSD/ZSA for different floors under line-of-sight (LOS) and non-line-of-site (NLOS) are plot in the following figure:
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Figure 4. Mean and standard deviation of ZSD and ZSA
From the measurement results, we made the following observations:

· The mean of ZSA and ZSD shows noticeable dependency on UE height under both LOS and NLOS case.
· STD of ZSA and ZSD does not show clear dependency on UE height.

· LOS or NLOS does not make obvious difference on ZSD and ZSA mean values and ZSD standard deviation values.  But it does impact greatly on the ZSA standard deviation.

Based on above observations, we propose to consider the following equation to model the mean value of the elevation spread of arrival (ZSA) for a UE with given height,
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where 
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 denote the height of the BS antenna, 
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 denotes the height of the UE antenna, and the constants 
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 are determined from field channel measurements. More specifically, 
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where N is the number of floors and 
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 is the measured ZSA value at floor i.  The coefficient constant
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is also determined from the field channel measurements, e.g., 
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For ZSD, we propose the following equation to predict its mean value if a UE’s height is given, 


[image: image22.wmf]0

1

;

;

UEBSUEBSb

ESD

UEBSb

hhhhh

hhh

mb

m

m

ì+×--<

ï

=

í

-³

ï

î

     


(4)

where the constants 
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 are similarly determined as in the ZSA, and 
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, 
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 are determined from the measurement results.

We propose to model the standard deviation of both ZSA 
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and ZSD 
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as a constant, which are determined from field measurement for a specific propagation scenario.

Based on the data collected from our field measurement campaign, the values of 
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are given in the following table for a typical UMi O2I scenario,

Table 5. Parameters for ZSA/ZSD modelling
	Parameters/Scenarios
	Normal Distribution

	
	LOS
	NLOS

	ZoD spread (ZSD)
	μ  


	μ0 log10([o])
	1.04 
	1.02 

	
	
	μ1 log10([o])
	1.28 
	1.28 

	
	
	β log10([o])
	0.02 
	0.26 

	
	
	hb
	2hf *
	2hf *

	
	σ  log10([o])
	0.04 
	0.26 

	ZoA spread (ZSA)
	μ log10([o])
	μ0
	0.72 
	0.78 

	
	
	β
	0.14 
	0.21 

	
	σ  log10([o])
	0.09 
	0.57 


*hf is the floor height

Using above Equation (1)-(4) and the above table,  the proposed ZSA and ZSD height dependence modelling can fit the field measurement relatively well and is shown in figure below. 
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Figure 5. Comparison of AS modelling and measurement
7. Conclusions
In this contribution, we present the field measurement methodology and report the results for the elevation parameters of the 3D MIMO channel under UMi O2I scenario. Based on the results, we propose: 
Proposal 1: Use lognormal distribution to model ZSD and ZSA under UMi O2I scenario.
Proposal 2: Consider the following height dependent elevation parameter modelling:

· Elevation angle distribution: UE-height-independent.

· Elevation angular spread (ZSA and ZSD) mean and standard deviation: distance dependent with Equation 1-4.
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