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1. Introduction

In RAN #58 meeting, the vertical beam-forming (VBF) and FD-MIMO are proposed to be studied during Rel-12. It implies to introduce vertical dimension for antenna beam-forming, in addition to the existing horizontal one. To evaluate the new feature in a more precise way, the network deployment, antenna model and channel model might need to be re-considered. 
In this document, based on existing evaluation methodology in TR 36.814, we identify several issues in network deployment, antenna model and channel model to be considered.
2. UE distribution
When vertical dimension is introduced, the transmit signal from eNB would not be spread in either horizontal or vertical direction, but was bound together toward a specific direction, as described in figure 1. If the eNB is located at higher place, such as 10th floor, the UEs distributed in different floors in other buildings experience various signal strength. 
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Figure 1: Beams target at UEs in different floors and areas.
It implies, for one UE, not only the horizontal distance from eNB but also the vertical distance from eNB is critical when evaluating the benefit of Three-Dimension Beam-Forming and Full-Dimension MIMO. In current evaluation methodology described in TR 36.814, only the horizontal distance from UE to eNB is considered, by uniformly distributing UE in the entire macro-cell of the same plane. Even in heterogeneous network where non-uniform UE drop is considered as the following Table, there is still no consideration on the vertical distance form to eNB.
Table A.2.1.1.2-4 in TR 36.814: Placing of new nodes and UEs

	Configuration
	UE density across macro cells*
	UE distribution within a macro cell
	New node distribution within a macro cell
	Comments

	1
	Uniform 
25/macro cell
	Uniform
	Uncorrelated
	Capacity enhancement

	2
	Non-uniform 

[10 – 100]/macro cell
	Uniform
	Uncorrelated
	Sensitivity to non-uniform UE density across macro cells

	3
	Non-uniform

[10 – 100]/macro cell
	Uniform
	Correlated**
	Cell edge enhancement

	4a, 4b
	Non-uniform***
	Clusters
	Correlated**
	Hotspot capacity enhancement


Therefore, what we are considering is to improve the 2D UE distribution to the 3D UE distribution in evaluation methodology. The model could be, introducing a certain number of buildings or assuming a certain building density in a cell, and the height of each building is according to a probability distribution. And then the UEs are distributed over both the horizontal plane but also the vertical floors.
Proposal 1: 3D UE drop might be needed when evaluating 3D beam-forming.
3. Antenna Model
In current evaluation methodology, 3D antenna pattern has been included in Table A.2.1.1-2 in TR 36.814 as follows.
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In Table A.2.1.1-2, about the parameter 
[image: image3.wmf]etilt

q

, is described as follows. 

“The parameter 
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 is the electrical antenna down-tilt. The value for this parameter is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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 = 15 degrees for 3GPP case 1 and 
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 = 6 degrees for 3GPP case 3 may be used.”
The combined antenna pattern considering both horizontal and vertical pattern is described as follows.
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In current evaluation methodology as above, the antenna vertical beam width 
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 is only 10 degrees, which is quite small compared to the horizontal beam width 
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 . To facilitate the 3D beam-forming, whether to increase the vertical beam width could be investigated. 
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Figure 2: Change the signal phase to achieve Electric antenna tilt.
On the other hand, currently the vertical antenna tile 
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 is fixed but it would become variable when 3D beam-forming is introduced. At that time, a more accurate vertical antenna pattern might be critical. It is due to the electric tilt is achieved by changing the phases of signals and thus the virtual length of signals from each antenna elements were different (described in figure 2), the antenna vertical pattern might be slightly varying with the tilt.
Proposal 2: To investigate whether a new antenna model with wider vertical beam width and with robustness to variable vertical tile is necessary.
4. Channel Model
At first, if we agree to introduce 3D UE distribution in proposal 1, the distance from UE to eNB in path-loss model shall integrate the height of UE (
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), the height of UE antenna (
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) and the horizontal distance from eNB (
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). The overall distance become as follows.
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Furthermore, the channel model currently used for evaluations is defined in TR 36.814 appendix B, where the large-schale fading parameters are correlated according to the horizontal distance from UE to UE. If 3D UE distribution is introduced, such correlation might need to be improved.
Another issue is whether the distributions of fading parameters, such as cluster delay, cluster number, cluster power, angle of arrival and angle of departure, would varying if 3D beam-forming is introduced. Such considerations are induced not only due to current angle calculations are based on 2D scenario, but also due to the eNB can focus the signal on UE more exactly by a narrower beam. As the signal spread over vertical and horizontal direction become restricted, the cluster delay may be lower, the cluster number may become less and the cluster power may decay slower.
Proposal 3: To investigate whether the path-loss model, the correlations and generations of fading parameters are needed to be improved due to the introduction of 3D beam-forming.
5. Inter-Site distance
One of the benefits to introduce 3D beam-forming is to reduce cell-boundary interference. It implies we could embrace more cells within a fixed area and enjoy more the cell-splitting gain. In homogeneous network, the inter-site distance might not be changed due to coverage issue. But in heterogeneous network, it is reasonably to reduce the minimum distance among eNB, PeNB and HeNB.
Proposal 4: To investigate whether the inter-site distance (both in homo- and hetero- network) shall be changed due to the interference reduction via 3D beam-forming.
6. Conclusion
In this document we propose the following,
Proposal 1: 3D UE drop might be needed when evaluating 3D beam-forming.
Proposal 2: To investigate whether a new antenna model with wider vertical beam width and with robustness to variable vertical tile is necessary.
Proposal 3: To investigate whether the path-loss model, the correlations and generations of fading parameters are needed to be improved due to the introduction of 3D beam-forming.
Proposal 4: To investigate whether the inter-site distance (both in homo- and hetero- network) shall be changed due to the interference reduction via 3D beam-forming.
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