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1. Introduction
In RAN1#72 meeting, scenarios of UE-specific elevation beamforming and FD-MIMO were discussed and the agreements [1] listed below have been reached. 
· Urban Micro (UMI) cell with high (outdoor/indoor) UE density
· Base station is below surrounding buildings
· Multi-floor UE dropping in buildings modelled
· Urban Macro(UMA)  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

· Macro-pico scenarios for Hetnet FFS

· Azimuth-adaptable or (Azimuth+Elevation)-adaptable antennas for Macro/Pico.

· Pico: outdoor only or indoor/outdoor mix
In this contribution, we discuss building modeling, 3D distribution of UEs, antenna topology and parameter etc for both the Urban Micro scenario and Urban Macro scenario.
2. Building modeling  and 3D UE Distribution
In both Urban Micro cell and Urban Macro cell, UE dropping   is determined by geographical factors such as distribution, density and the height of buildings, as well as distribution, density and the height of UE.
2.1 Building modeling
The buildings are uniformly distributed in the horizontal plane and the size of each building could be 50mx50m in UMI as proposed in [2].   The same size of building can be simply reused for buildings in UMA.  Due to limited coverage under UMI, we can assume fewer buildings in UMI.  As shown in figure 1, 1 building per UMI cell and 4 buildings per UMA cell can be a reasonable assumption.   Minimum distance of building to building should be considered to avoid overlapping region between buildings. We also propose to define the minimum distance of eNB-building for reasonable 3D coverage.  Figure 2 shows the curves of antenna gain versus UE height with different distances Dis between eNB and the building center.  Here we assume elevation 3dB beamwidth is 70°and  the downtilt is 0°.  Given a UE height, the nearer between the eNB and the building center, more decline is observed on the antenna gain.   There is around 2dB difference between the curves of 40m and 60m in most of the region.  Allowing eNB placed too close to the building would degrade the coverage in elevation domain.  Based on the observation, we propose to adopt 60m as the minimum horizontal distance between eNB and the building center.  Considering the minimum distance between two building centers, we propose 75m (50
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+ extra distance) as shown in figure 3.
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Figure 1.  The distribution and density of buildings
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Figure 2. Antenna Gain Vs UE height with differenteNB-building minimum distances
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Figure 3.  Minimum distances of eNB-building and building-building

Multi-floor buildings with 3m typical floor height can be considered in both UMA and UMI. .  The height of eNB can reuse the values in [3] which are 25m and 10m for UMA and UMI respectively.  The typical scenario of UMA we can target is the scenario with buildings with small number of floors such as residential buildings, schools, supermarket, etc.  The number of floors is uniformly distributed between 1 and 3.  For the typical scenario of UMI, we can consider densely populated residential buildings, multi-floor office buildings, skyscrapers, etc. The number of floors can be uniformly distributed between 10 and 20. 
2.2 UE Distribution
UE distribution is illustrated in figure 4 with some UEs dropped outdoor and some other UEs dropped indoor. The fraction of UEs distributed in indoor buildings can be 80% in UMI and 50% in UMA.  All outdoor UEs are dropped uniformly in the outdoor horizontal plane.  For indoor UEs, UE is dropped to the building i with the probability of Ni/ΣNj where Ni is the number of  floors of building i andΣNj is sum of number of floors of all the buildings in the cell.  The UEs within the same building are then uniformly distributed among the floors and the corresponding 50mx50m area on each floor in the building.  
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Figure 4.  3D distribution of UEs
The vertical location of the UEs is determined by the UE height, the floor the UE is located and relative altitude of the land where the building is located.  . For example, if we assume that the floor height is 3m, a UE on floor N would be 
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 meters above horizontal plane, where 
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 means the height on hilly terrain.  Note that N is equal to 1 for the outdoor UEs and the indoor UEs located on the ground floor.
For UMI, we assume 
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=0 because the land in the same sector can be assumed be flat (i.e. same altitude) due to smaller coverage of UMI.    For UMA, we can consider modeling the height of the land on hilly terrain.  An example is shown in figure 5 which divides the whole area into 50mx50m squares.   Within each square, the height of land is the same and is uniformly distributed from 1.5m to 6m.  For outdoor UEs,  
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 is the height of the square area where the UE is located. For the indoor UEs within a building,   
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 is the same as the height of the land where the building is located which determined by the center of the building.  In the other words, all the UEs in the same building have the same 
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 as in the center of the building.
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Figure 5. 50mx50m grid based generation of height 
3. Antenna modeling of eNB
3.1 Antenna pattern
Study [7] was carried out in RAN4 on Active Antenna System (AAS).  Although 2D antenna array can be deployed with AAS, the focus here should be UE-specific 3D beamforming.  In the perspective of baseband processing, we care more about defining antenna pattern(s) seen from a logical antenna port rather than how this antenna pattern is created.  To avoid lengthy discussion on the antenna weights of AAS in different scenarios, it is more efficient to follow the modeling of antenna pattern in [2] and define the parameters of the antenna pattern i.e. 3dB beamwidth and downtilt.   
For azimuth direction, the 3-sector antenna pattern used for each sector is defined as:
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where 
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 =70°, Am = 25dB.  For elevation, antenna pattern can be defined as follows:
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where SLAv = 25dB.  For elevation 3dB beamwidth and downtilt, we consider different values for different scenarios.
In UMI scenario, the range of indoor UE height from the ground floor is large.  In our assumption of maximum 20 floors, the difference can reach as large as 57m.  The elevation 3dB beamwidth (i.e. 10°) used in [2] is not wide enough for this scenario.   θ3dB = 70° is a better choice so that the 3D coverage can be ensured.  To achieve θ3dB = 70°, an antenna port consists of only one antenna element.  With the same number of antenna elements, the number of antenna ports can increase to 8 times as shown in figure 6(a).  However, it reduces the maximum antenna gain to about 6dBi. For downtilt angle, it is not necessary when the height of building is below 30m i.e. θetilt =0.   When the building is higher than about 40m, θetilt =-6° should be considered according to the simulation results in figure 7(a).
In UMA scenario in which we consider lower building, the range of indoor UE height is not large.  We can use either [θ3dB = 40°,  θetilt =6°] or  [θ3dB = 20°,  θetilt =12°] which corresponds to 2 elements per antenna port as shown in figure 6(b) and 4 elements per antenna port as shown in figure 6(c).   For UMA, it would be sufficient to use narrower 3dB beamwidth such as 40° or 20° which is narrower comparing with UMI scenario.  At the same time, higher antenna gain can be achieved.  For downtilt angle, θetilt =6° or 12° can be used for θ3dB = 40° or 20° respectively as shown in figures 7b and 7c.  In general, there is tradeoff between antenna gain and beamforming gain by different port allocation/addition to different directions. Reduction in number of antenna elements per port decreases the antenna gain.  On the other hand, it increases coverage and provides additional beamforming gain.  

Combining method in 3D antenna pattern in [2] can be used, i.e. 
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. An example of 3D antenna pattern is shown in figure 8.
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（a）θ3dB = 70° , 1 element per port     （b）θ3dB = 40° , 2 elements per port  （c）θ3dB = 20° , 4 elements per port
Figure 6. Antenna topologies considering different port allocation
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（a）UMI, θ3dB = 70°                                （b）UMA, θ3dB = 40°                                     （c）UMA, θ3dB = 20°
Figure 7. Antenna Gain vs UE height with different downtilt angles
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（a）el. 3dB beamwidth is 70°and Az.3dB beamwidth is 70°             （b）el. 3dB beamwidth is 40°and Az.3dB beamwidth is 70°       （c）el. 3dB beamwidth is 20°and Az.3dB beamwidth is 70°
Figure 8. 3D antenna pattern of UMI and UMA
3.2 Antenna configuration
We can consider different antenna configurations in different scenarios.  In UMI, the height of UEs can be above the eNB which requires wider elevation angle range. It is more suitable to have more antennas in the elevation direction. On the contrary, in UMA, it’s suitable to have fewer antennas in the elevation direction as all UEs are below the eNB.  Some possible antenna array configurations are listed in Table 1.
Table 1: Possible antenna array scheme
	Number of antenna ports 
	Antenna array configuration in UMI
	Antenna array configuration in UMA

	8
	2H×2V×2P
	2H×2V×2P

	16
	2H×4V×2P or 4H×2V×2P
	4H×2V×2P

	32
	4H×4V×2P
	8H×2V×2P or 4H×4V×2P

	64
	4H×8V×2P or 8H×4V×2P
	8H×4V×2P or 16H×2V×2P


4.  Conclusion
In this contribution, we discuss building modeling, 3D UE distribution and antenna modeling for scenarios of UE-specific elevation beamforming and FD MIMO.   Proposals on detailed parameters are summarized in the table below:
Table 2: parameters about 3D UE distribution and the antenna modeling
	Parameters
	UMI Scenario
	UMA Scenario

	Distribution of buildings
	Randomly and uniformly distributed in  the horizontal plane
	Randomly and uniformly distributed in  the horizontal plane

	Number of buildings per sector
	1
	4

	Number of floors on each building 
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	Randomly and uniformly distributed between 10 and 20
	Randomly and uniformly distributed between 1 and  3

	Distribution of outdoor UE
	Randomly and uniformly in the  outdoor horizontal plane
	Randomly and uniformly in the outdoor horizontal plane which is on the hilly terrain with height varying from 1.5m to 6m.

	Distribution of indoor UE
	uniformly constrained within 50mx50 squares in the horizontal dimension and uniformly chose a floor between 1 and 
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 in the vertical dimension
	Uniformly distributed within a 50mx50 square in the horizontal dimension with uniformly distributed on the floor number between 1 and 
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	Height of UE
	Outdoor UE :1.5m
Indoor UE: ((N-1)*3+1.5)m
where N is the floor number
	Outdoor UE :1.5+
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m
Indoor UE: ((N-1)*3+1.5+
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where N is the floor number and 
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 is uniformly distributed U[1.5, 6] m.

	Percentage of indoor UEs
	80%
	50%

	Number of UE per sector
	30
	30

	Az. 3dB Beamwidth per antenna
	70°
	70°

	El. 3dB Beamwidth per antenna
	70°
	Configuration 1 ：20°
Configuration 2 ：40°

	Element per antenna
	1
	Configuration 1 ：4

Configuration 2 ：2

	Antenna Gain
	 6dBi
	Configuration 1 ：11dbi
     Configuration 2 ：8dbi

	Downtilt
	For UE below 40m:0°
For UE above 40m:-6°
	Configuration 1 ：12°

                 Configuration 2 ：6°

	Antenna array configuration
	8Tx:  2H×2V×2P
	8 Tx:  2H×2V×2P

	
	16Tx:  2H×4V×2P, 4H×2V×2P
	16 Tx : 4H×2V×2P

	
	32Tx:  4H×4V×2P
	32Tx : 8H×2V×2P or 4H×4V×2P

	
	64Tx:  4H×8V×2P, 8H×4V×2P
	64Tx : 8H×4V×2P or 16H×2V×2P
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