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1. Introduction
There has been significant interest in enhancing the system performance through the use of antenna systems that have a two-dimensional array structure both in the elevation and azimuth dimensions. In order to evaluate the possible technical enhancement of 3D-beamforming and FD-MIMO, a new channel model is required that enables us to simulate a 3D-channel. It was agreed that the study would consider the ITU channel model [1, 2] as the starting point and work outside the 3GPP such as WINNER II [3] and WINNER+ [4] can be utilized as a reference [5]. In this paper, we present initial results on ray trace simulation and field measurements in Tokyo and derive some elevation angle of departure (EoD) related parameters for urban macro (UMa) NLoS environments. Furthermore, a correlation model, which is a simplified model based on the EoD distribution, is proposed in order to reduce the required simulation time.
2. GCM for UMa NLoS Scenario
2.1. 3D Extension of GCM
In RAN 1, there has been significant effort put forth to evaluate the system performance using the ITU channel model, which utilizes the azimuth dimension for MIMO operation. The ITU model is a geometry-based stochastic channel model (GCM), which is described using multiple departure and arrival paths with the angle and delay spread. Considering the implementation effort for a new 3D-channel model, it is important to have high commonality to reduce the modification from the current 2D ITU model.
Observation 1: New 3D-channel model should be simplified in order to reduce modification from the ITU channel model.
Figure 1 shows the multi-path model in the elevation dimension on the BS transmitter side. There are mainly three factors that determine the major propagation property in terms of the elevation angle for the GCM. Median EoD denotes the EoD with respect to the LoS direction between the BS and MS. The EoD spread denotes the distribution of the multi paths with respect to the median EoD. The EoD distribution is the distribution of the path power as a function of the EoD with respect to the median EoD. In the following subsection, we derive these EoD related parameters for an UMa NLoS environment.
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Figure 1  Multi-path model in elevation dimension
2.2. Ray Trace Simulation and Field Measurement
In order to derive the EoD parameters for the GCM, we performed a ray trace simulation with the details of the simulation assumption in Annex A. Furthermore, to assess the applicability of the ray trace estimation, we compare the results with those for the field measurement. Details of the measurement are described in Annex B. Simulation and measurement are performed assuming equivalent conditions such as the BS antenna position, MS distributed area, and antenna height. Here, although measurements were performed in the uplink, we represent the properties on the BS side as EoD to avoid confusion. Figure 2 shows the EoD spread as a function of the distance between the BS and MS. In the figure, the red line is obtained by averaging the results of the ray trace simulation. From the figure, the average of the EoD spread decreases with an increase in the distance between the BS and MS. Moreover, dispersion of the EoD spread increases with an increase in the distance between the BS and MS. Furthermore, we find that the dispersion of the simulation results is larger than that for the measurements. Figure 3 shows the property of the median EoD as a function of the distance between the BS and MS. In the figure, the median EoD indicates the deviation from the line of sight elevation and a negative value indicates the depression angle. Similarly, the red line indicates the average of the median EoD. From the figure, the average of the median EoD is low for the area near the BS mainly due to the reflection path from the ground. The range of the dispersion of the measurement is close to that for the ray tracing. However, many values exist around 0 degrees from the measurement results and there is some difference between the simulation and measurement results. From the above results, the performance of the ray trace simulation shows some dependency on distance but further study is needed considering the difference to the experimental results.
Proposal 1:  Consider further the distance dependency for the EoD spread and median EoD.
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Figure 2  EoD spread
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Figure 3  Median EoD
Figure 4 shows the relative received level as a function of the EoD. The EoD is normalized to the MS direction from the BS, i.e., 0 degrees indicates the MS direction, and a negative value indicates the depression angle. The distribution of the ray trace simulations and measurements are close to a Laplacian distribution. Furthermore, the dispersion of the ray tracing is narrower than that for the measurement especially for the positive EoD.
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Figure 4  EoD distribution
Table I summarize the EoD parameters. The EoD spread is modeled by the median value for the log of the EoD, , and the standard deviation of . The median EoD is expressed using an average value, M, and the standard deviation, . We also show the performance of the ray trace simulation which limits the BS - MS distance within 500 m as a reference. As a result, we find some difference between the results of the ray tracing and measurement. This is because of the limited measurement data samples and lower accuracy of the ray tracing due to approximation.
Table I  EoD Spread and Median EoD
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3. Correlation Model

Although the GCM is highly accurate in modeling, there has been some difficulty in system-level simulations in terms of the simulation time required. Furthermore, FD-MIMO, which uses a number of antenna elements, is one of the focuses for 3D MIMO enhancement in Rel. 12. In this sense, we have to be careful about the required simulation time using a new 3D-channel model.
Observation 2: Simplified 3D-channel model may be necessary considering for simulation time reduction.
We propose a correlation model, which is a simplified model based on the EoD distribution. In the model, we define the average EoD distribution model and obtain the correlation coefficient between the antenna elements deployed vertically at the BS. The complex correlation coefficient between antennas 1 and 2, 
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where 
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 is the EoD, 
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 is a function of the EoD distribution, 
[image: image11.wmf]v

s

 is the EoD spread, 
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 is the median EoD, dv is the interval between antennas 1 and 2, and ko is the wave index. Next, we consider the case for BS antennas that have more than two elements. We can extend the correlation between each antenna from the above mentioned equation. Then, we can define the correlation matrix as follows.
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4. Conclusion
In this contribution, we presented our views on the design concept and initial evaluation results for a 3D-channel model. Our observations and proposals based on the discussion are given below.
Observation 1: New 3D-channel model should be simplified in order to reduce modification from the ITU channel model.

Proposal 1:  Consider further the distance dependency for the EoD spread and median EoD.

Observation 2: Simplified 3D-channel model may be necessary considering for simulation time reduction.
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ANNEX A: Simulation Configuration
Table AI gives the major parameters for the ray trace simulation. The simulation assumes the area of Tokyo, which is an urban area with a lot of high buildings. The ray tracing tool applies the imaging method. A building database is utilized from the map, which is available commercially. The building height is given by multiplying the number of floors obtained from the map by the height per floor, which is set by users, i.e., 3 m . Moreover, the area within 1600 m from the BS is divided into 10 m square meshes and the location of the MS is set to the center of each mesh. In the evaluation, only NLoS points are selected as candidates for the simulation. We assume vertical polarized antennas for both the BS and MS.
Table AI – Major Parameters for Ray Trace Simulation

[image: image14.emf]Simulation area Tokyo

Frequency  2.2 GHz

BS antenna height 58 m

MS antenna height 1.5 m

Distance between BS to MS Up to 1600 m

Ray search algorithm Imaging method

Polarization Vertical

Building database

Material

Concrete

Relative permittivity:6.76

Relative conductivity: 0.023 S/m

Building height Number of stories of each building x 3 m


ANNEX B: Measurement Configuration
The measurements were performed in the same area as the ray trace simulation, i.e., Tokyo, Japan. Table BI and Fig. B1 show the major parameters for the field measurement and the view from the BS antenna position, respectively. The location of the BS antennas and MS distributed area are the same as that for the experiment. In the measurement, pseudnoise is transmitted from the MS and complex delay profiles are measured for each of the 16 vertical linear array antenna elements at the BS. The EoD distribution is obtained by applying Unitary ESPRIT to the measured complex delay profiles. The measurement frequency is 2.2 GHz and the BS antenna height is 58 m. Each BS antenna element is vertically arrayed and the horizontal half - power beamwidth (HPBW) of each element is 34 degrees in horizontal axis. A sleeve antenna is used as the MS antenna and MS antenna is established on the roof of a measurement car at the height of 2.7 m. The number of measurement points is set to 82 and the distance between the BS and MS is within 1600 m. The polarization of the BS and MS antennas is vertical.

Table BI – Major Parameters for Field Measurement
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Frequency 2.2 GHz

BS

Antenna height

Rx antenna

Gain

HPBW/element

58 m

16 elements linear array

8.9 dBi(Average)

Horizontal:34 degs.,Vertical

：

113 degs.

MS

Antenna height

Txpower

Txantenna

Modulation

Chiprate

BS-MS distance

2.7 m

10 W

Sleeve

BPSK

30 Mc/s

200 m to 1600 m
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Figure B1 – View from BS antenna
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