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1 Introduction
The purpose of this document is to describe and clarify the role and use of a map in the map–based hybrid channel model. We aim to address here; how a map is specified, define example maps for a number of model scenarios, and describe how maps can be specified and imported to the model.
1.1 Maps by Scenarios

Importing new maps doesn’t require much effort. However, when agreeing simulation scenarios to obtain comparable simulation results, it is important to use the same map by each partner. Thus a well–specified map or a small number of maps must be attached to each simulation scenario.
1.2 Statistical Variability

There have been concerns whether a single map can give enough variability to radio channel conditions and whether it gives too site specific simulation results. Practise has shown that the deployment of transceivers on a map affects substantially the radio channel characteristics. Thus, e.g., random dropping of UEs on the map will lead to statistical variation of the channel parameters.

2 Definition of Map

A map is defined in a Cartesian xyz-coordinate system. Basically only walls are defined in the maps. Walls are smooth rectangles with end point (x,y) coordinates. The z-coordinate is given by specifying the height of the wall. Example maps are given in the next section. Wall materials have to be specified as well. In outdoor it is typically concrete. In indoor the interior walls and other structures may be wooden, as indicated in Table 2 of the annex. Even a large map can be defined with a small set of parameters.
3 Maps for Scenarios

In this section we define example maps for the scenarios identified in [1]. The scenarios are urban micro and macro, indoor office, and shopping mall. In the map–based modelling the setting of antenna heights is free. Thus the same urban layout is adequate for both micro- and macro-cellular cases. Only the BS antenna heights have to be specified considering the building heights. They can be for example 15 m for micro and 60 m for macro.
The following scenario descriptions are from METIS report [2], where they were specified for the simulation purposes within the project. More details can be found in the annex.
3.1 Urban Micro and Macro

The urban environment model is called the Madrid grid. This model has been developed within the METIS consortium and is based on observations regarding the city structure of Madrid. It is an example of typical European city environment capturing way more aspects than Manhattan grid. The Madrid grid is given in Figure 1.
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Figure 1: A 2D visualization (left) and a 3D visualization (right) of the Madrid grid
3.2 Indoor Office

The Indoor office is a future indoor setting where improved wireless technologies will provide really high data rates while fulfilling challenging capacity requirements at a reasonable cost. A realistic office environmental model is attained by explicitly considering walls, screens, desks, chairs and people.
The environmental model reference case within METIS is given in Figure 2. 
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Figure 2: A 3D visualization of the Indoor office environmental model reference case
3.3 Shopping Mall

The Shopping mall environmental model is attained by explicitly modeling shops and passage ways as Figure 3.
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Figure 3: A 2D visualization of a 3D Shopping mall environmental model
4 Importing a New Map
New maps can be easily imported from different sources. Below is an example of commercial digital map data from the city centre of Oulu (purchased from http://www.finnmap.com/). The example is on Finnish “YKJ” coordinate system, but conversions can be done from and to any coordinate systems. In Figure 4 the blue numbers stand for building ID, green numbers are x-coordinates in metres, orange numbers are y-coordinates in metres, and the red numbers are building heights in metres. Figure 5 gives a visualization of the building 0002. The only conversion made to plot the figure was to move the origin of the coordinate system closer to the building.
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Figure 4. Commercial map data of the Oulu city centre.
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Figure 5. Illustration of the “building 00002” of the example map data.
5 Conclusion
This contribution has presented the ideas of the map in the map–based hybrid modelling. Because of the need to have well–specified maps for the simulation scenarios the following maps are proposed to be used in the map–based hybrid simulation cases:
Proposal: Following sections from the Annex list the map descriptions per scenario when applying map–based hybrid modelling:
· Section A.1 for macro and micro urban cases

· Section A.2 for indoor case

· Section A.3 for shopping mall case
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Annex
A Detailed Map Descriptions

A.1. Urban Micro and Macro

The environmental model for outdoor is depicted in Figure 13. Model consists of several elements with unique properties or dimensions: square buildings, rectangle buildings, building entrances, metro entrances, bus stops, park, sidewalks, crossing lanes, roads and parking lanes. The description and dimensions of each element is as follows:
· Square shaped buildings. Both length (east-west orientation) and width (south-north orientation) is equal to 120 m and the height of the building varies. Buildings are the source of the indoor traffic.
· Rectangle shaped buildings. Length is equal to 120 m, width is 30 m and the height of the building varies. Similarly to square shaped buildings they are the source for the indoor traffic.
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Figure 6: Madrid Grid outdoor layout

· Park. Both length and width is 120 m.
· Sidewalks. They surround every building and are 3 m wide. Special types of sidewalks are:
· Gran Via sidewalk. Double (6 m wide) sidewalk between Gran Via road lanes.
· Calle Preciados. South-north oriented sidewalk of 21 m between rectangle shaped buildings.
· Roads. Used for a vehicular movement. They are 3 m wide and are always one lane for one direction accompanied by parking lanes. Special type of road is Gran Via where there is no parking lanes on both sides and there are three road lanes in each direction.
Total dimensions for Madrid grid is 387 m (east-west) and 552 m (south north) assuming only one sidewalk, parking lane and road lane between edge buildings and the layout border. The building height is uniformly distributed between 8 and 15 floors with 3.5 m per floor. Summary of building properties is given in a table below.
Indoor space is modelled as follows:
· Square buildings: uniform net of closed rooms with 10 m x 10 m dimensions.
· Rectangle building: dual stripe of rooms with 10 m x 10 m dimensions separated from each other by a 10 m x 120 m long corridor. Rooms have no separation wall toward the corridor.
Table 1: Building types in TC2 environment

	Building index
	Building type
	Number of floors

	1
	Square
	15

	2
	Square
	14

	3
	Square
	12

	4
	Square
	13

	5
	Square
	9

	6
	Square
	15

	7
	Square
	8

	8
	Rectangle
	9

	9
	Rectangle
	13

	10
	Rectangle
	11

	11
	Rectangle
	12

	12
	Rectangle
	13

	13
	Rectangle
	14

	14
	Rectangle
	11

	15
	Rectangle
	12
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Figure 7: Simplified Wrap around approach for urban. Shadowed area used to avoid border effects.

A.2. Indoor Office

The environmental model geometry, see Figure 16, is given by the dimensions of the rooms, cubicle offices and tables. The width and depth of these objects are illustrated in the following two-dimensional figure.
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Figure 8: A 2D visualization of the office environmental model reference case 
The respective heights and materials of these objects are given in the following table.
Table 2: List of heights and materials in the office

	Object 
	Height [m]
	Material

	Room
	2.9
	Concrete

	Cubicle
	1.5
	Wood

	Table
	0.7
	Wood


A.3. Shopping Mall

The Shopping mall is a setting with a high density of customers and staff that enjoys the benefit of a high quality future radio network that both involves traditional types of communication as well as wireless sensor networks. The Shopping mall environmental model is attained by explicitly modeling shops and passage ways as in Figure 17.
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Figure 9: A 2D visualization of a 3D Shopping mall environmental model 
The size of the objects in Figure 17 is given in the following table. The wide corridors are 20 m wide and the narrow corridors are 10 m wide. The openings to the food-court are both 80 m wide.
Table 3: Environmental details of TC3

	Object
	Width [m]
(x-direction)
	Depth [m]
(y-direction)
	Height [m]
(z-direction)

	Total mall area
	300
	200
	5

	Corner stores
	40
	90
	4

	Outer stores
	40
	40
	4

	Inner stores
	40
	100
	4

	Food-court
	120
	100
	5


00001          "building"                         00005


3429138.800000 7211145.600000


3429137.700000 7211135.000000


3429190.200000 7211129.300000


3429191.300000 7211140.000000


3429138.800000 7211145.600000


00002          "building"                         00009


3429144.500000 7210021.900000


3429138.600000 7210025.200000


3429134.700000 7210018.300000


3429133.200000 7210019.200000


3429131.700000 7210016.400000


3429133.300000 7210015.500000


3429131.300000 7210011.800000


3429137.300000 7210008.500000


3429144.500000 7210021.900000





00001 "building" 35.000000


00002 "building" 14.000000


00003 "building" 23.000000


00004 "building" 18.000000


00005 "building" 16.000000


00006 "building" 20.000000


00007 "building" 12.000000


00008 "building" 12.000000


00009 "building" 44.000000


00010 "building" 18.000000


00011 "building" 14.000000


00012 "building" 27.000000


00013 "building" 25.000000


00014 "building" 36.000000


00015 "building" 23.000000


00016 "building" 26.000000
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