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1 Introduction
UE-specific elevation beamforming has recently been proposed to further concentrate the transmit energy and reduce the interference leakage to the neighbouring cells [1]. In RAN1#72, the followings were agreed on scenarios for elevation beamforming and FD-MIMO:
· 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

· 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 our views on the further details of 3D/FD scenarios [2], including antenna configurations we previously discussed in [3]. Other channel model parameters related to 3D extension of spatial channel model are given in our companion paper [4].
2 UMa and UMi Scenarios
Both urban micro and macro cell scenarios with high UE density are agreed during RAN1 #72. In UMi scenario, the eNB height is 10 meters and it is located below surrounding buildings [5]. On the other hand for UMa the eNB height is 25 meters and it is located above the surrounding buildings. UEs are assumed to be dropped randomly and uniformly in different floors of the multi-floor buildings in the area, as shown in the UMi example illustrated by Figure 1. In order to guarantee the eNB height is below the surrounding multi floor buildings in UMi scenario, the height of one floor needs to be at least greater than 5m and the building has to have more than 2 floors. 
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Figure 1: UMi, Building with multiple floors
As can be seen from the figure, under the assumption that outdoor UEs are on the ground level and there is no hilly terrain, the indoor UEs still have 3D distribution within the multi-floor building. This is different from the assumptions in previously defined scenarios [6] where UEs are always positioned on the ground level. Therefore, some 3D modelling enhancements are required for this scenario.

First, in path loss equation for ITU UMi/UMa given in Table B.1.2.1-1 [6], UE height has to be changed and considered from the ground level. Hence, when UE is in the n-th floor and the height of each floor is 6 m, the UE height can be expressed as [image: image3.png]m-1)x6+15




 m. For example, for a UE on the second floor we have  [image: image5.png]7.5



 m. 
Second, notice that the UEs located in higher floors relative to the base station tend to receive smaller powers compared to the UEs in lower floors. This effect can be captured in the elevation part in 3D antenna pattern.  For UEs above the eNB height, additional “height loss” can be introduced to improve model accuracy if the proposed model is not close enough to real measurements. On the other hand, for UEs below the eNB height in the multi-floor building, the “height gain” can be captured by the model using 3D distance in the same pathloss equation instead of 2D distance.
Finally, other parameters such as [image: image7.png]


 and shadow fading may need some modifications. For example, UEs in higher floors have higher chance of experiencing LOS channel conditions and their  [image: image9.png]


 may be increased. The simplest way to model increased PLOS probability due to UE height increase is to use 3D distance in PLOS calculation.
Proposal 1: In UMi and UMa scenarios with multi-floor indoor UE dropping, indoor UEs are uniformly distributed in a multi-floor building. The distance dependent pathloss and line of sight probability use 3D distance instead of 2D distance.
3 UE and Building Dropping
Building Dropping and Modelling
In general, building locations, number of floors and floor height are closely related to the type of geographical area that is simulated. For example, in suburban areas buildings are widely spaced and are usually low-rise with 3 or fewer floors, while in downtown areas a large number of multi-floor and high-rise buildings are located very densely. Here, for the sake of simplicity, we can assume that the buildings are uniformly and randomly dropped in the simulations. Also, to simplify the simulation scenarios, we suggest considering buildings with the same number of floors and floor height, for example 3 floor building and 6 meters floor height for both UMi and UMa scenario to guarantee the relative height between eNB and the surrounding buildings  
Proposal 2: In UMi and UMa scenarios with multi-floor indoor UE dropping, to simplify the simulation scenarios, we propose to use fixed three floor buildings and 6 meters height per floor for RAN1 evaluation purpose. 
Another effect is whether to drop building explicitly and drop indoor UEs according to building location in the simulation or we only simulate UE dropping and assign each individual UE a building related attribute, e.g. each UE has an indoor distance if it is indoor UE. Since we only consider Macro cell simulation, we see there is no need to explicitly model building dropping because there is no indoor eNB in the simulation area.
Proposal 3: We see there is no need to explicitly model building dropping in UMa and UMi scenarios.
UE Dropping
UEs can be dropped randomly and uniformly for both 2D and 3D user distributions. For 3D UE dropping, when UE is inside a multi-floor building it can be dropped randomly and uniformly in different floors. For 3D UE dropping when it is outside a building, a random height can be assigned to some of the UEs to model the case that the UE is in a hilly terrain, otherwise an outdoor UE has fixed height.  

Regarding the number of UE, as it is possible with 3D/FD MIMO to have MU-MIMO ranks higher than 4 due to increased spatial separation among UEs, it is worth considering more than 10 UEs per cell (e.g 20 or 30).
On indoor/outdoor UE percentage, we can consider the following cases:

· 100% outdoor: This is the extreme case in which the only traffic to Macro comes from outdoor UEs and assumes that all indoor UEs are served by WiFi or small cells deployed inside the buildings. This model can also be considered for the case that many UEs with very high data traffic are connected to eNB. Stadiums, bus stations and other outdoor hotspots are some examples of such case.
· 80% indoor and 20% outdoor: This is the other side of the spectrum in which the assumption is that most of data traffic corresponds to the indoor UEs, and outdoor UEs consume much smaller amounts of data comparing to indoor UEs.
Proposal 4: UEs are dropped randomly and uniformly for both 2D and 3D distribution. For 3D UE dropping, each indoor UE is randomly dropped in a multiple floor building. More than 10 UEs per cell can be considered, e.g. 20 UE/cell.  0%/100% and 80%/20% can be considered for indoor/outdoor UE dropping to model different practical situations.
4 Antenna array modelling
Antenna pattern

In 3GPP LTE-A RAN1 evaluations, the vertical field pattern of the eNB antenna is modeled by cell-specific, narrow beam width radiation pattern model with Gaussian shape. In practice the modeled vertical antenna pattern is typically a combined field pattern of the antenna array, constructed from set of antenna elements placed across vertical dimension (antenna column) as shown in Figure 2. 
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Figure 2: Left: Vertical antenna array, Middle: Antenna element field pattern model, Right: Combined field pattern of vertical antenna array

For 3-dimensional MIMO enhancements, the vertical beamforming gain should be explicitly modelled, therefore, the effect of cell-specific vertical beamforming should be excluded from the antenna pattern model.  In this case, the antenna beam width in the vertical plane should be increased while the maximum antenna gain should be reduced compared to current eNB antenna array assumptions.
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Figure 3: Vertical antenna pattern measurements and model (1920-2180 MHz)

One example of the possible vertical radiation pattern model for the single antenna element is shown Figure 3. The illustrated vertical antenna pattern corresponds to Kathrein 800 10454V01 dual band panel antenna [8] with the largest vertical beam width. It can be seen that the measured antenna field pattern can be well approximated by Gaussian model with HPBW = 600 and SLL = 20dB parameters. 

The antenna gain of the modified antenna pattern can be determined by using energy conservation law, i.e. 
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 are azimuth and elevation angles respectively and  
[image: image15.wmf](

)

j

q

,

D

 is an antenna ration pattern defined as follows
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Figure 4: The maximum antenna gain for Gaussian radiation pattern model

Assuming the same horizontal radiation pattern as currently defined for LTE-A evaluations, the antenna gain 
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 for the proposed antenna model is equal to 9.5 dBi (see Figure 4). 


It should be noted that the antenna gain should also account for the possible losses in the cable network, which is in the order of 1-1.5dB for practical antenna configurations. Therefore the proposed antenna pattern model parameter can be finally defined as follows.

Table 1: Antenna model parameters
	Horizontal HPBW, 0
	Vertical HPBW, 0
	Horizontal SLL, dB
	Vertical SLL, dB
	Antenna gain, dBi

	70
	60
	20
	20
	8



In some MIMO scenarios it might be preferable to increase the number of antenna elements in the antenna array, e.g. to improve efficiency of multi-user MIMO transmission schemes. However it might complicate the deployment of the antenna array due to higher antenna weight and wind load characteristics. Therefore smaller aperture antenna elements should be also considered for 3D MIMO evaluations when large antenna arrays are used. One example of the radiation pattern parameters for that antenna is provided in Table 2.
Table 2: Smaller aperture antenna model for large antenna arrays
	Horizontal HPBW, 0
	Vertical HPBW, 0
	Horizontal SLL, dB
	Vertical SLL, dB
	Antenna gain, dBi

	90
	90
	20
	20
	6


Spacing of antenna elements

To achieve the required beam characteristics the antenna elements can be placed at different distances. Typically larger spacing between antenna elements provides narrower beams. However when distance between antenna elements exceeds 0.5(, grating lobes in the antenna array pattern may occur, that might introduce interference in the undesired direction. 

In LTE-A two antenna spacing of 0.5( and 4( were used to represent closely and widely spaced horizontal antenna arrays. Similar antenna spacing assumptions can be also considered for the vertical antennas arrays, in addition to ~1( antenna spacing, which was proposed for AAS evaluations [9].  
Candidate antenna configurations


Most of the practical antenna arrays in cellular systems correspond to N-M uniform planar antenna configuration, where N is the number of antenna elements in one column of planar antenna array and M is the number antenna columns. Among all possible antenna configurations one column of cross-polarized antennas and four columns of co-polarized antennas were considered with higher priority in LTE-A evaluations. Hence the following extensions to the conventional horizontal antenna configurations that can be considered for 3D MIMO evaluations are provided in Table 3 below. 
Table 3: List of possible antenna configurations
	Configuration
	N - Number of antennas in column 
	M - Number of columns 
	Antenna placement 
	Antenna spacing, (

	1
	8
	1
	X

X

X

X
	H  = N/A

V = 0.5, 1, 4

	2
	2
	4
	| | | |

| | | |
	H  = 0.5

V = 0.5, 1, 4

	3
	4
	4
	| | | |

| | | |

| | | |

| | | |
	H  = 0.5

V = 0.5, 1, 4

	4
	8
	2
	X X

X X

X X

X X
	H  = 0.5

V = 0.5, 1, 4

	5
	4
	8
	| | | | | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |
	H  = 0.5

V = 0.5, 1, 4

	6
	8
	4
	X X X X

X X X X

X X X X

X X X X
	H  = 0.5

V = 0.5, 1, 4


Proposal 5: Agree on antenna configurations listed in Table 3.
5 Conclusion

In this contribution, we discussed the previously agreed scenarios for studying the benefits of 3D/FD-MIMO and for each scenario proposed some changes required in the channel model.  
Our proposals are recapped below:
Proposal 1: In UMi scenario and UMa scenario with multi-floor indoor UE dropping, indoor UEs are uniformly distributed in a multi-floor building. The distance dependent pathloss and line of sight probability uses 3D distance instead of 2D distance.
Proposal 2: In UMi and UMa scenarios with multi-floor indoor UE dropping, to simplify the simulation scenarios, we propose to use fixed three floor buildings and 6 meters height per floor for RAN1 evaluation purpose. 
Proposal 3: We see there is no need to explicitly model building dropping in UMa and UMi scenarios.
Proposal 4: UEs are dropped randomly and uniformly for both 2D and 3D distribution. For 3D UE dropping, each indoor UE is randomly dropped in a multiple floor building. More than 10 UEs per cell can be considered, e.g. 20 UE/cell.  0%/100% and 80%/20% can be considered for indoor/outdoor UE dropping to model different practical situations.

Proposal 5: Agree on antenna configurations listed in Table 3.
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