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1. Introduction

In RAN#58 meeting, the SI of 3D-channel model for Elevation Beamforming and FD-MIMO studies for LTE was agreed [1]. The objectives are listed as follow:

· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO

· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 

· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes. Work done outside 3GPP (WINNERII/WINNER+, channel modeling documentation available in public domain) can be used.

· Generate baseline simulation results (corresponding to a number of antenna ports and transmission scheme supported by  Rel-11) with the modified evaluation methodology  

In this contribution, we discuss the first bullet “Identify the typical usage scenarios of UE-specific elevation beamforming and FD-MIMO”. 
2. Application scenarios for 3D-MIMO
The introduction of 2D-AAS array makes it possible to fully utilize the Degree-of-Freedom in 3-D spatial channel. Aiming at an efficient specification support to enable 3D-MIMO (UE-specific elevation beamforming and FD-MIMO) in LTE Rel-12 and beyond, the application scenarios and methodology for performance evaluation will be specified in this SI. The selection of priority-ranked target application scenarios has immediate influence on design principles of feedback and control mechanisms as well as the evaluation procedure.  Therefore, some fundamental aspects related to application scenarios of 3D-MIMO, such as deployment environment, UE distribution, and sectorization scheme, are discussed in this section. 
A）Deployment environment
The characteristics of deployment environment are dominated by geographical factors such as location and height of eNB and UE as well as distribution and density of buildings. Currently, deployment environment categories generally include indoor/hotspot,dense urban macro,urban micro,urban macro,suburban macro and so on. Due to the constraint of passive antenna array structure at eNB side, UE-specific MIMO schemes were designed with focus on horizontal optimization only. In that case, the existence of high-rise buildings and its impact on characteristics of the small scale propagation model is only reflected by some certain environment dependent horizontal domain parameters. However, elevation domain resolution is fundamental to AAS based 3D-MIMO. Therefore, the deployment environments with high-rise buildings should be included with considerations on elevation domain related small scale characteristics [2].
B) UE distribution
The variance in UE distribution in different deployment environments will impact the design of 3D-MIMO scheme. As discussed above, with the introduction of deployment environments with high-rise buildings, new types of UE distribution need to be considered. In addition to the 2-D or horizontal distribution model already adopted throughout the system-level simulations, the cases with both vertically and horizontally distributed UEs should also be included. Furthermore, in order to verify the potential of 3D-MIMO in favorable cases, the scenarios with large number of UEs distributed in vertical dimension shall be considered with higher priority.
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(1-a) Mixed 2-D/3-D distribution               (1-b) Horizontal (2-D) distribution

Figure 1 Distribution of UE
C) Sectorization scheme
Using the 3D beamforming technology, the eNB can use higher sectorization schemes in vertical dimension. Figure 2 shows two kinds of vertical sectorization schemes, the left figure uses fixed beam covering a upper part of a high-rise building and other beam covering the remaining part of the building and horizontal plane; in the right figure, the UEs near the eNB and the far-away UEs are covered by different sector beams. Though vertical sectorization generally does not need additional standardization support, the vertical sectorization scheme will impact the simulation assumptions and design principles of corresponding MIMO schemes. For example, we could use the sectorization scheme as in left figure when there are more high-rise buildings, it can improve average system performance of buildings through the higher gain of the vertical sector patterns, and we can use sectorization scheme as in right figure in suburb environment.


[image: image2.emf]C

E

L

L 

2

C

E

L

L

 

1

 



 EMBED Visio.Drawing.11 [image: image3.emf] 

CELL 2

 

CELL 1


Figure 2 Vertical sectorization

It can be observed from the above analyse that the factors impacting the scenarios are interdependent. To maximize the advantage of 3D-MIMO, we should consider all factors mentioned above while classifying the scenarios. Considering the advantage of 3D-MIMO in improving the spatial precision of transmission, which can be used to realize accurate user-specific elevation beamforming and advanced sectorization in the vertical domain. In dense urban with high-rise buildings, more UEs are distributed in vertical dimension which is favorable for carrying out the user-specific elevation beamforming and advanced sectorization. Therefore, these scenarios have the highest priority. In suburban macro scenario where UEs are mainly distributed on horizontal plane, 3D-MIMO gain could be lower than in the scenario where large numbers of UEs are vertically distributed. 
Therefore, our preferences on division of application scenarios for 3D-MIMO are ordered by priorities and listed as follow:
Scenario A: Dense urban scenario with high rise buildings, all UEs of interest are 3-D distributed inside buildings. 
Scenario B: Dense urban scenario with high rise buildings, mixed 2-D/3-D distributed UEs .
Scenario C: Suburban macro with more UEs distributed in horizontal domain.
3. Antenna configuration
Assumptions on antenna configuration could impact the performance evaluation and design of 3D-MIMO, so it is necessary to discuss the possible antenna configurations. 
A) Array element spacing
It can be observed from [3], for nonzero electrical downtilt, there will be large sidelobes with the 0.9lambda vertical antenna spacing, which will interfere the UE on the sidelode direction. In Figure 3, it shows large sidelobes in undesired directions when the downtilt is 10 degree. Therefore 0.5lambda vertical element spacing is preferred in evaluating and design 3D-MIMO. 
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Figure 3 The antenna patterns with different downtilt and spaceing
B) Antenna array configuration
In order to setup the basis for initial performance evaluation in this SI, assumptions on some possible configurations of antenna array are listed in Table 1. The selection of antenna array configurations depends on the detailed scenario and some implementary considerations. For example, with 16 antenna ports the 8×2 and 2×8 arrays are expected to be suitable for scenario A and Scenario C respectively.
Table 1 Possible antenna array scheme
	Antenna ports number
	Antenna ports configuration

	8
	2×4

	
	4×2

	16
	2×8

	
	4×4

	
	8×2

	32
	4×8

	
	8×4

	64
	8×8


4. Conclusions
Based on the discussion above, our preferences on division of application scenarios for 3D-MIMO are ordered by priorities and listed as follow:
Scenario A: Dense urban scenario with high rise buildings, all UEs of interest are 3-D distributed inside buildings. 
Scenario B: Dense urban scenario with high rise buildings, mixed 2-D/3-D distributed UEs .

Scenario C: Suburban macro with more UEs distributed in horizontal domain.
Furthermore, considering the impact of antenna array structure on evaluation and design of 3D-MIMO schemes, we also propose to use the vertical element spacing of 0.5 lambda and the configurations listed in Table1 in this SI.
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