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1. Introduction
In Rel. 12 LTE, there has been a significant effort for enhancing DL MIMO technology. Figure 1 summarises the possible migration scenario of the LTE DL MIMO technology. In Rel. 12 LTE, feedback enhancement for 2D MIMO technology, which achieves beamforming in azimuth angle, has been discussed assuming realistic MIMO deployment scenario. In addition to that, 3D MIMO technology (UE-specific elevation beamforming and FD-MIMO) which achieves 3D beamforming in azimuth an elevation angle using two-dimensional antennas, is discussed to realize the flexible beamforming  in azimuth and elevation domain and progressive capacity enhancement.
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Figure 1 – Rel. 12 DL MIMO enhancement

At the RAN1 #72 meeting, the possible usage scenarios for 3D MIMO were discussed and several agreements were reached as follows.
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In this contribution, we present the remaining details for the scenarios including cell deployment and antenna configurations.

2. Application Scenarios for 3D MIMO
2.1. Deployment Environment
A) Homogeneous macro scenario
A homogeneous macro scenario is one of the most relevant applications for 3D MIMO due to the possibility for installing active antennas. In a real network, there are a number of indoor UEs covered by outdoor eNBs due to a limited number of indoor eNBs. Moreover, for some urban areas with UEs in high-rise buildings, outdoor eNBs support indoor UEs using fixed beams with up-tilting. Figure 2 shows an example of 3D MIMO deployment with homogeneous macro cells and example parameters. The antenna height of 40 m can be considered not only as a typical antenna height but also a useful application scenario for 3D MIMO. Inter-cell interference should be carefully considered in this scenario.
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Figure 2 – Homogeneous macro scenario
B) Heterogeneous NW with small cells

Considering the eNB antenna size, FD-MIMO is likely to be applied to a higher frequency band such as 3.5 GHz or higher. Since a higher frequency tends to have bad pathloss characteristics, FD-MIMO might be used not to ensure coverage but to obtain high network capacity for small areas such as on a platform in a train station, city square, or shopping mall. In this sense, small cell deployment can be a promising scenario of 3D MIMO, especially for FD-MIMO using higher frequency. Figure 3 shows an example of the 3D MIMO deployment using small cells. Major parameters are derived from scenario 2a in the evaluation assumptions of small cell discussion [1].
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Figure 3 – Heterogeneous NW with small cells

Proposal: Small cell deployment should be considered as a promising scenario of 3D MIMO, especially for FD-MIMO using higher frequency.

2.2. Indoor UE Distribution in Vertical Domain
Since the indoor UE height greatly affects the beam direction in terms of the elevation angle and inter-cell interference, it is important to model the vertical distribution of an indoor UE. From statistics in Tokyo area, distribution of the number of stories of buildings can be modeled as an exponential distribution [2]. It seems to be natural that UEs are uniformly distributed on each floor and the floor height is approximately 3 m. Considering the standing height of users, the indoor UE height can be modeled as 3nf+1.5 m, where nf is the floor number of each UE.
Observation 1: Distribution of the number of stories of buildings can be modeled as an exponential distribution, in which indoor UEs are uniformly distributed on each floor.
Observation 2: Indoor UE height can be modeled as 3nf+1.5 m, where nf is the floor number of each UE.
3. Antenna Configurations for 3D MIMO
From the viewpoint of an operator, it is very important to keep the size and weight of eNB antennas as small as possible. In some cases, building owners do not permit the installation of eNB antennas due to the antenna size and weight and it takes much effort to find a site to install antennas. Similarly, the size and weight are important from the viewpoint of construction cost and regulation of wind resistance. It is preferred that new 3D MIMO antennas be the same size and weight or smaller than those in service, when we consider replacing antennas. In that sense, the macro 3D MIMO antenna length should be approximately 1 or 2.5 m. Furthermore, considering the deployment scenario for small cells, the small cell 2D antenna size should be small such as 0.2 x 0.2 m as shown in Fig. 4.
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Figure 4 – Example of macro and small cell antennas for 3D MIMO
Observation 3: Length of macro antennas and size of small cell 2D antenna for 3D MIMO should be approximately 1 / 2.5 m and 0.2 x 0.2 m, respectively.

Table I shows the number of antenna elements that can be mounted in the antennas with the size discussed above. The values in the table are simply calculated by dividing the antenna size (length) by the separation of the antenna elements. Note that for small cell antennas, the calculated values are rounded off and squared to derive the value for 2D antennas. From the results, it is possible to mount 24 or 13 antennas in macro antennas for 2 GHz and 16 antennas for 2D antennas for small cells for 3.5 GHz, in principle. However, it is important to consider a realistic antenna configuration with the other electrical devices, such as a power amplifier for an active antenna system, analogue phase shifter, electrical cable, and multi-band circuit.
Table I – Number of Antenna Elements for 3D MIMO
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Observation 4: It is important to consider a realistic antenna configuration that incorporates a number of electrical devices.
4. Conclusion
In this contribution, we presented the remaining details of the scenarios including cell deployment and antenna configurations. Our observations and proposal based on the discussion are given below.
Proposal: Small cell deployment should be considered as a promising scenario of 3D MIMO, especially for FD-MIMO using higher frequency.

Observation 1: Distribution of the number of stories of buildings can be modeled as an exponential distribution, in which indoor UEs are uniformly distributed on each floor.

Observation 2: Indoor UE height can be modeled as 3nf+1.5 m, where nf is the floor number of each UE.

Observation 3: Length of macro antennas and size of small cell 2D antenna for 3D MIMO should be approximately 1 / 2.5 m and 0.2 x 0.2 m, respectively.

Observation 4: It is important to consider a realistic antenna configuration that incorporates a number of electrical devices.
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Agreement: 


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
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