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1 Introduction
SID RP-122034 [1] identified the need for a 3D channel model for evaluation purposes:

 “In order to enable evaluation of the possible specification method to enhance the performance with 3D-beamforming or with FD-MIMO, a new channel model is needed with enables modelling in both vertical and horizontal dimension of the environment as well as user locations in the network.”  

Some of the key issues discussed in the previous meeting (RAN 72 meeting, Malta) have been the 3D UE dropping and multi-floor buildings dropping and modelling. Some of the scenarios agreed in [2] require such assumptions either as baseline or as FFS [2]:

Agreements:

· Urban Micro cell with high (outdoor/indoor) UE density
· Base station is below surrounding buildings
· Multi-floor UE dropping in buildings modelled
· Urban Macro cell with high (outdoor/indoor) UE density
· Base station is above surrounding buildings
· Consider two options for indoor UE: single-floor indoor UE and multi-floor indoor UE modelling
· Models taking multi-floor indoor UE into account should be developed
· Second priority
· Indoor hotspot with high UE density
· Focus on single-floor scenario.
· Rural scenario
· Outdoor/Indoor user dropping: 
· x% outdoor UEs on a fixed height on the ground plane
· y% indoor UEs on different floors
· x+y = 100.
· Outdoor user dropping:
· Users are dropped on a fixed height on the ground plane.
· FFS Users are dropped on a fixed height on a hilly terrain.

· Indoor user dropping:
· 3D Locations of UEs are related to building locations and heights. 
· Details of building dropping modeling for UE dropping

· Details such as floor height, building location/height distribution needed

Therefore, the purpose of this contribution is to propose a stochastic methodology to: 

· Stochastically drop single or multi-floor buildings in a given evaluation scenario

· Stochastically model building height and number of floors
· Stochastically drop UEs in 3D
2 Motivation
Our contribution is motivated by urban form studies available in the economic research literature. Many economists have taken interest in studying possible correlations between population densities in urban areas and factors such as cost of living, cost of transportation, available housing, etc. 

An interesting work is that of A. Bertaud and S. Malpezzi [3] in which the authors censed the population densities of 48 of world cities. 

They observed that the spatial distribution of population densities within an urban area A can be modelled as follows. 

· Within A, there is a subarea with highest population density. This is usually the Central Business District (CBD). The CBD is not necessarily the geometric centre of the area. 

· Let D0 denote the population density at the CBD (in persons/hectare, e.g. 100 persons/ha). Then, the population density at distance r from the CBD can be modelled as: 
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is the gradient (rate) of decrease of population density and ε is the error to account for the stochastic behaviour of population density. The numerical range of these parameter depends on the city censed (please refer to the census in [3]), but typically 
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takes values in [0,1] whereas ε is of the order of 0.005.  For illustrative purposes, we plotted this density in Fig. 1 - 4 for a 1000 meter range from the CBD, with ε = 0.005 (Fig. 1) and ε = 0.005 + abs(rand)  (Fig. 2 - 4).
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Figure 1- Theoretical urban population density for different gradients. Constant error (ε = 0.005)
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Figure 2- Theoretical urban population density for γ=0.1. Stochastic error (ε = 0.005 + abs(rand))
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Figure 3- Theoretical urban population density for γ=0.5. Stochastic error (ε = 0.005 + abs(rand))
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Figure 4- Theoretical urban population density for γ=1. Stochastic error (ε = 0.005 + abs(rand))

Further, based upon the above stochastic modeling of the spatial distribution of urban population densities, the authors in [3] were able to plot 3D representations of the spatial distribution of urban populations in cities such as Paris, Moscow and Cracow [3], see Figs 6 – 8.
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Figure 5- 3D representation of population densities in Paris, France [3]
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Figure 6- 3D representation of population densities in Moscow, Russia [3]
[image: image10.emf]
Figure 7- 3D representation of population densities in Cracow, Poland. The red marker is the Central Business District (CBD) [3]
3 Proposed Evaluation Methodology

The proposed evaluation methodology can be summarized as follows: 
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	· Define cellular grid (e.g. hexagonal cellular grid layout in [4]or [5])
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	· Drop multi-floor buildings atop which macro eNodeBs will be placed (let’s call theses A-type buildings) at the center of each site (hexagon), in line with IMT-A [4] or SCM [5] guidelines.

· Drop eNodeBs on the rooftops of these buildings
· Building specs (height, number of floors, etc.) shall be determined according to the spec of each macro eNodeB. 

· For instance, if an eNodeB is required to be 40 m high, then the building atop which this eNodeB will be placed shall be sufficiently tall/have sufficient number of floors to meet this height requirement.
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	· Drop additional multi-floors buildings (let’s call these B-type buildings) uniformly on the grid.
· This buildings will NOT have eNodeBs on their rooftops (in order to meet minimum spacing requirements between eNodeBs). 
· However, they may harbor indoor hotspots or small cells located below building heights  
· The heights and number of floors will be determined function of the proposed population density, according to proposed procedure. 
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	· At each simulation run, drop UEs inside and outside dropped buildings according to the following distribution: 

· Indoor/outdoor ratio as agreed in a given evaluation

· Number of UEs per location drawn according to proposed UE spatial distribution (see following details)  


As it can be seen, the proposed evaluation methodology distinguishes between two types of buildings: 

· Buildings that have eNodeBs on top of them

· Buildings that do not (these are still needed to accurately model the 3D UE drop)
We next discuss each step in further details.
3.1 Dropping eNodeB Buildings (A-Type Buildings)
· Buildings that are expected to have eNodeBs atop of them can be dropped at the center of each site of a given urban deployment according to, e.g., the urban cell layout of [4], Fig. 8-1. This is to ensure sufficient spacing between the eNodeBs as required in [4]. For convenience, Fig 8-1 of [4] is illustrated below:
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Figure 8-Sketch of base coverage urban cell layout without relay nodes [4]. Buildings atop which eNodeBs will be dropped shall be placed at the center of each sector.
· Because eNodeBs are dropped atop these buildings, the heights and number of floors of such buildings are specified function of the height requirements of these eNodeBs.

·  Say a macro eNodeB is required to be placed atop a 30-meter building. Say the average floor height is 6 meters [4, p. 14]. Then the buildings should be 5-story tall
 (5x6=30).      

3.2 Dropping Remaining Buildings (B-Type Buildings)
· More buildings are dropped on the layout. 
· These buildings (B-Type) shall not have any eNodeBs atop them (owing to the minimum spacing requirement and the fixed hexagonal grid layout). 
· However, these buildings may contain indoor hotspots on one or some of their floors. They may also contain small cell eNodeBs e.g. attached to building exterior walls. 
· In any case, these eNodeBs are assumed below surrounding building heights. 
· The location, height, number of floors and size of a building are modeled based upon the suggested population density as follows: 
· Initial conditions:
	Number of Buildings
	KB

	Locations of Buildings
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Uniformly distributed on the scenario area

	Number of UEs per location i
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	Number of indoor UEs per location i
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	Scenario Area (Example)
	Disk of Radius R (for simplicity)

	Central Business District

(CBD, region of maximum UE density)
	Center 
[image: image19.wmf](

)

0

0

,

y

x

 of Disk (for simplicity)

	UE density at CBD (boundary condition)
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	Number of UEs at CBD (boundary condition)
	K0 

	Population Density Gradient
	γ

	Density volatility (error)
	ε


· Procedure to drop B-Type buildings:

	1
	Randomly generate population (UE) densities at each building location (we are not dropping UEs yet):
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These are the densities of UEs per building. Generated as suggested, these densities pretty much mimic realistic urban environments.

	2
	Then, the average number of UEs 
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  can be obtained as
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· If all UEs are assumed indoor (
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), then 
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 is the number of UEs to be dropped inside each building.
· If only a fraction of UEs is indoor (
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), then only 
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 UEs will be dropped inside the building and 
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	3
	Let Kf denote the average number of UEs per floor, then the number of floors in each building is:
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	4
	The height of each building can be subsequently determined as:
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where 
[image: image32.wmf]height

avg_floor_

is the average floor height (e.g. 6m in [IMT_Eval])


· Drop small cells or indoor hotspots inside or adjacent to B-type buildings. Number and configuration of dropped small cells or hotspots contingent upon envisaged scenario.
3.2 Dropping UEs

· At each simulation run, at each location i given by coordinates 
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, do the following :

· Drop 
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 indoor UEs as follows : 

· 
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 UEs per floor, uniformly distributed in 3D space (within floor). 
· Drop 
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 outdoor UEs as follows: 
· Uniformly around and within radius r (to be specified, e.g. average street width) from location (building)
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. Here, spatial uniform distribution could be 2D (if in line with [2]) or 3D if e.g. hilly terrain is modeled or UE heights above ground are not neglected (e.g. tramway, double decker (bus), etc.).
3 Summary
Multi-floor building drop and 3D UE drop are two new requirements for the evaluation of 3D MIMO and elevation beamforming [2]. 
In this contribution, we proposed an evaluation methodology that models building and UE drops. 
The proposed methodology builds on recent surveys in the economic literature [3] on the population densities in some (50) of the major cities in the world, from which a closed-form UE urban density is proposed: 

· Maximum at the Central Business District (CBD, arbitrary location within the deployment grid) 

· Exponentially decaying with the distance from the CBD. 
This UE spatial density helps determine heights and number of floors of dropped buildings in a stochastic yet realistic fashion. 
The proposed building and 3D UE dropping method is fourfold: 
1. In line with IMT-A guidelines [4], start by defining the urban cellular layout (e.g. grid with hexagonal cells).

2. At the center of each cell, drop a building and a macro eNode-B atop it. 

a. This is to ensure sufficient spacing between the eNodeBs.

b. Building height function of desired eNodeB height. 

c. Number of building floors is the ratio of height to the floor height (e.g. 6 meters in [4])  
3. Then, drop additional buildings in the deployment grid.

a. Locations are uniformly distributed within deployment grid.
b. Building heights and number of floors function of the spatial density of the indoor UEs in that location. 

c. No macro eNodeBs atop these buildings (to have a cellular layout and minimum spacings in line with IMT-A requirements [4])

d. However, it may be possible to drop small cells or indoor hotspots inside or adjacent to these buildings (but at altitudes below building heights)

4. Lastly, for each simulation run, drop UEs according to proposed UE spatial distribution.
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Drop eNode Building Here








� Underground floors could be also modelled if need is justified.


�� This is rather straight-forward. The density is the number of UEs per 1m2, thus: 


� EMBED Equation.3  ���


Q.E.D. ∎


� UE dropping is not discussed yet. We are only seeking to determine building heights sufficient enough to harbor a UE population drawn according to the envisaged urban population density. Please refer to paragraph 3.3 for details on UE dropping.
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