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1. Introduction

In 3GPP RAN #58 meeting, the 3D-channel model study item was agreed for Release 12 [1]. The intent of the study item is to come up with a channel model that can be used to evaluate future multi-antenna technologies such as elevation beamforming or Full Dimension MIMO (FD-MIMO). Specifically, the objectives of the study item are:
· 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  

This contribution discusses details on the typical usage scenarios of UE-specific elevation beamforming and FD-MIMO that we consider important for the 3D-channel modelling and relevant evaluations. 
2. Scenarios for Elevation Beamforming and FD-MIMO
Elevation beamforming and FD-MIMO utilizes antennas placed in the vertical plane as well as vertical plane. An example of the 2-dimenisonal antenna array design can be found in the Appendix along with an example of the antenna pattern of the individual subarray that form 2-dimensional antenna array. In order to accurately assess the benefits of elevation beamforming and FD-MIMO, it is important that relevant deployment scenarios are considered in the modelling of the channel and the consequent system/link level simulations. The following subsections present scenarios that we consider important for future evaluation of elevation beamforming and FD-MIMO. Note that the scenarios presented in the subsections can be used in addition to the typical homogeneous macro cell scenario used for the evaluation of downlink MIMO in previous LTE Releases.
2.1 Vertically Sectorized Scenario
In the vertically sectorized scenario, the antennas positioned on the vertical axis are used to create additional sectors. An example is shown in Figure 1.
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Figure 1. Vertically sectorized scenario.
Additional sectors (Sector A2, Sector B2, and Sector C2) have been created in the right part of Figure 1 using antennas positioned on the vertical axis. For example, sector B in the left part of Figure 1 has been additionally sectorized into two sectors B1 and B2 in the right part of Figure 1. The additional sectors would allow a higher area splitting gain and consequently improve the system performance. Overall, this scenario would be similar to the homogeneous macro cell deployment scenarios used in the evaluation of downlink MIMO or CoMP with the exception on the antenna configuration which allows the additional sectorization. The additional sectors can be configured in a semi-static manner or adaptively modified as a function of the overall user locations with the system. The details on how adaptive sectorization is achieved should be provided by the proponent companies during the evaluation stage.
2.2 Urban Outdoor to Indoor Scenario
Having antennas positioned on the vertical axis and applying beamforming on such antennas would allow more directed transmissions for UEs in building. Transmissions to UEs located on different floors can be better separated using beamforming on the vertical or elevation direction. An example is shown in Figure 2.
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Figure 2. Urban outdoor to indoor scenario.
In the urban outdoor to indoor scenario, the locations of the UEs are assumed to be on different vertical locations or heights. The main reason for such difference would be due to the UEs being located within buildings. Therefore, assuming that the transmission antennas are located outdoors, this scenario is where outdoor transmission is made to indoor UEs. For each UE in this scenario, it can be assigned different floors and/or different buildings resulting in different vertical and/or horizontal locations. The vertical location of the UE can be determined by the floor it’s on. For example, if we assume that each floor is separated by 3 meters, a UE on floor N would be 3N+1.5 meters above ground level. Following is a list of some of the details that should be further discussed in RAN1:

· Location and number of buildings

· Number of floors on each building

· Distribution of UEs inside the buildings and outside the building
· Shadowing and penetration loss

Antennas positioned on the vertical axis can be utilized to transmit to UEs on different floor with better directivity. Again, the specifics of the beamforming technique should be provided by the proponent companies during the evaluation stage.

2.3 High Population Area Scenario

Another scenario that is of importance is the high population area scenario where a large number of UEs are closely located with one another in a limited area. Examples of such high population area scenario are:
· Shopping malls
· Stadiums

· Transportation hubs such as major airports
The key characteristic of the high population area scenario is that a large number of people are located in a limited area with generating high traffic demand simultaneously. Transmission from the 2-dimensional antenna array can be made simultaneously for multiple UEs in such scenarios taking advantage of the additional beam directivity. For example, in a shopping mall with a high ceiling, the 2-dimensional antenna array can be positioned on the ceiling facing downwards to provide high order MU-MIMO transmission.
Details on aspects such as size of the indoor space, distribution of UEs, interference from outside source, and LOS probability should be further discussed.
3. Conclusions
This contribution discusses the deployment scenarios for elevation beamforming and FD-MIMO that should be considered in the evaluation stage. It is proposed that in addition to the typical homogeneous macro cell scenario used in the past to evaluate downlink MIMO, the following scenarios be modelled and evaluated:
· Vertically Sectorized Scenario
· Urban Outdoor to Indoor Scenario
· High Population Area Scenario
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Appendix: Example of 2D Antenna Design
Figure 3 shows an example of 2D antenna design, where each antenna element is a subarray consisting of 4 vertically placed antenna sub-elements, and each row has 8 subarrays spaced apart by 0.5λ and there are total 4 rows spaced apart by 2λ. Based on the antenna design in Figure 4, an azimuth beam width of 70º and elevation beam width 30º can be supported, which corresponds to the peak gain ranging from 9-12 dBi. 


[image: image3]Figure 3. An example of 8x4 (horizontal x vertical) planar sub-arrays. Each sub-array consists of 4 vertical elements with the same polarization (+45/-45-deg).

[image: image4]
Figure 4. Antenna pattern of each 1Hx4V sub-array in Figure 3.
The considerations behind the design in Figure 3 are as follows:

(1) In practical implementation of patch antennas, the alternating polarization design was shown to provide better isolation (about -25dB), which may be a safer design given the detailed requirement on isolation is unclear at this point.
(2) In the alternating polarization design, the antenna gain is larger, because the array aperture is 2 times larger than the cross-pol design.
Other configurations are also possible. The antenna design parameters may be dependent on the deployment, in particular in the elevation domain. Some baseline configurations are captured in Table 1.
Table 1. Examples of antenna configurations.
	Antenna Configuration
	Az. Spacing

(between adjacent antennas/subarrays) 
	El. Spacing

(between adjacent antennas/subarrays) 
	Az. 3dB Beamwidth

(per antenna/subarray)
	El. Beamwidth

(per antenna/subarray)
	Antenna Gain

(per antenna/subarray)

	8x4
	0.5 λ 
	2 λ 
	70 deg
	30 deg
	9-12 dBi

	8x8
	0.5 λ
	0.5 λ or 2 λ
	70 deg
	90 or 30 deg
	6-12 dBi
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