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1. Introduction

At the RAN1 #74 meeting and in the subsequent email discussion, methodologies for 3D extension of a short-term fading model were discussed and general modelling schemes such as a procedure for channel coefficient generation and a distribution function for ESD/EoA/ESA were agreed as a working assumption except for the power angular spectrum (PAS) of an eNB transmitter in the elevation domain [1-3]. Furthermore, it was agreed to apply one global coordinate system (GCS) and several local coordinate system (LCS) with the definition of a reference axis to represent antenna and propagation channel models [4,5]. In this contribution, we further investigate the distance and height dependency on the PAS by means of ray trace simulation.
2. Height Dependency on NLOS Pathloss
In previous meetings, several measurement and ray trace simulation results were presented with respect to angular distribution in the elevation domain and probability distribution function (PDF) is often proposed as Laplacian or Gaussian distribution based on statistics of all UE positions. On the other hand, it was pointed out that the signals tend to propagate along two widely different routes, i.e., around buildings and above rooftops, in a UMa environment. If this phenomenon is sufficiently dominant, it is assumed that dual peaks are found for a PAS curve especially when the 2D distance between the eNB and UE is short, i.e., signals around buildings are still sufficiently strong compared to those above rooftop. To assess the impact of this phenomenon, additional studies are needed to evaluate further the distance and UE height dependency of the EoD distribution PDF.
In the following, we show the ray trace simulation results using a synthetic city model in a UMa scenario. An eNB antenna is placed at the height of 25 m considering the assumptions in RAN 1 [6]. On the other hand, the UE height is parameterized as 1.5, 10.5 and 22.5 m assuming UEs on the 1st, 4th and 8th floors. Buildings are randomly placed based on the model in [7], in which the building height conforms to an exponential distribution with the minimum and average building height of 12 and 18 m considering the agreement in RAN1 [6], respectively. Detailed simulation assumptions are given in the Annex. The procedure to draw the curve is as follows. 
(1) UEs are binned into several groups in terms of the 2D distance and UE height.
(2) Calculate a power weighted median EoD angle for each UE and subtract the median EoD angle from the multi-path elevation angles.

(3) For each bin, collect the power of each path, which is calculated in step 2 and normalize the PAS to achieve the same total transmission power.
Figure 1 show the PAS performance using the 2D distance and UE height as parameters. Horizontal axis represents elevation angle, where 0 degree represents median EoD angle. We also show curves of Laplacian distribution in the dotted line to show the feasibility for modeling the results of the ray trace simulation. From the figure, we find that powers of the major paths concentrate at the median EoD angle and there is no other path that is greater than -20 dB (Although we show the performance in the range between +/- 10 degrees, there is no other dominant cluster/path between +/- 90 degrees). Moreover we can find that the fitted curve using the Laplacian distribution aligns well with the results of the ray trace simulation, which has a sharp peak regardless of the UE height and 2D distance.
Proposal: Use Laplacian distribution for modeling power angular spectrum in UMa environment.
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(a) UE height = 1.5 m                        (b) UE height = 10.5 m                        (c) UE height = 22.5 m

Figure 1 – PAS for UMa scenario
3. Conclusion
In this paper, we investigated the distance and height dependency on the PAS by means of ray trace simulation. Based on the results, we find that powers of the major paths concentrate at the median EoD angle and a Laplacian distribution aligns well with the results of the ray trace simulation, which has a sharp peak regardless of the UE height and 2D distance. We propose to adopt a Laplacian distribution for modeling power angular spectrum at least in a UMa environment.
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ANNEX: Assumptions for Raytrace Simulation
Table AI and Fig. A1 respectively show the major parameters and an example of the generated buildings in the raytrace simulation based on synthetic city. The eNB antenna is placed at the height of 25 and 10 m, which is the same as the 3GPP UMa and UMi model. On the other hand, UE height is parameterized as 1.5, 10.5 and 22.5 m assuming UEs in 1st, 4th and 8th floor. In the simulation, buildings are generated based on the model in [7], where statistical data are summarized using an enormous number of actual building databases in a number of cities in Japan including Tokyo, Osaka, and Yokohama. The buildings are randomly generated with the density of 700 per square kilometer. The height of building aligns exponential distribution with the probability function as follows
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where h0 (= 12 m) and hm (= 18 m) represent the minimum and average building height, respectively. We also apply the correlation between the width and height of the buildings, which is derived from 7000 building samples as shown in the following equation.
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where W0, , and  are 55 m, 1.1, and 0.025 (m-1), respectively. Finally, Table AII shows the building height and width probabilities assumed in the simulation.
Table AI – Major Simulation Parameters
[image: image4.emf]Parameters Value

eNB antenna height 25 m

UE height 1.5, 10.5, 22.5 m

Building model Synthetic

Building height Minimum (

h

0

) 4 stories (12.0 m)

Average (

h

m

) 6 stories (18.0 m)

Num. of buildings per km2 700


Figure A1 – Example of building distribution
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Table AII – Building Height and Width Probabilities
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0.39
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6

0.14
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