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1. Introduction
Figure 1 summarizes the migration scenario of the LTE DL MIMO technology. Until Rel. 12, the discussion had been focused on the enhancements for 2D MIMO technology, which uses the maximum of 8 antennas arranged in the horizontal domain and achieves beamforming in the azimuth angle. Recently, there has been a significant interst in 3D MIMO technology (UE-specific elevation beamforming and FD-MIMO), which achieves additional beam control in the elevation domain using two-dimensional arrays. Elevation BF and FD-MIMO enable more flexible beam control and larger precoding gain using increased number of Tx antennas (TXRUs). At the RAN #65 meeting, the new SID for elevation BF and FD-MIMO was approved [1]. The first item to be discussed are to identify feasible deployment scenarios, including antenna configurations, for elevation BF and FD-MIMO and the initial performance evaluation with Rel. 12 MIMO technologies using a 3D channel model. In this contribution, we propose two important deployment scenarios and possible evaluation methodologies for elevation BF and FD-MIMO.
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Figure 1 – DL MIMO enhancement for LTE
2. Application Scenarios for Elevation BF and FD-MIMO
A) Homogeneous macro scenario

Figure 2(a) shows an example of a 3D MIMO deployment with homogeneous macro cells. A homogeneous macro deployment is a relevant scenario for 3D MIMO considering the cost of active antennas. In a current network, there are a number of indoor UEs, especially in residential buildings, that are connected to outdoor eNBs due to a limited number of indoor eNBs. In addition, for some urban areas with UEs in tallbuildings, outdoor eNBs support indoor UEs using fixed up-tilting beams. This kind of scenario can be considered as a possible 3D MIMO scenario. 

B) Heterogeneous NW with small cells (separate frequency from the macro cell)
Figure 2(b) shows an example of a 3D MIMO deployment using small cells. In order to fully exploit 3D MIMO gain, it is desirable to apply higher frequency band such as 3.5 GHz or higher and utilize a number of antennas. For instance, if we compare the possible number of antenna elements, which can be installed in a square (2D) antenna array, a 3.5 GHz antenna can incorporate approximately 3.1 (=(3.5/2)^2) times, compared to that for 2 GHz. Considering the pathloss characteristics for a higher frequency, 3D MIMO is preffered to be used not to ensure coverage but to obtain a progressive capacity gain for heavy traffic areas such as a station platform and city square. Considering the realistic operation and potential system gain of elevation BF and FD-MIMO, we believe that the scenario B) Heterogeneous NW with small cells is also quite important scenario to be evaluated. 
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Figure 2 – Scenarios for elevation BF and FD-MIMO
Proposal 1: Evaluate homogeneous macro scenario and heterogeneous NW with small cell scenario in this SI.
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 because of the size and weight. Similarly, they are important from the viewpoint of construction cost and regulation for wind resistance. It is preferred that macro antennas be the same size and weight or smaller than those in service, when considering replacing the current antennas in service. In that sense, the macro 3D MIMO antenna length should be approximately 1 or 2.5 m and antenna elements in the horizontal domain, N, shold be kept as 1, especially for urban areas, where antenna installation space is limited. For small cells, eNB antennas can be mounted on top of small buildings or building walls using planer antenna. The 2D antenna size should be small such as 0.2 x 0.2 m as shown in Fig. 3.
Observation: Length of macro antennas and size of small cell 2D antennas for 3D MIMO should be approximately 1 / 2.5 m and 0.2 x 0.2 m, respectively.
Table I gives the number of antenna elements that can be mounted in an 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. For macro antennas, it is possible to mount approx. 9-23 elements for 2 GHz with the realistic antenna element spacing of 0.7. Considering the number of TXRUs assumed in this SI, i.e., 8, 16, 32 or 64, and the typical antenna configuration for urban areas, 8 can be a candidate number for antenna elements. Regarding the antenna element spacing in the horizontal and vertical domains, 0.5 and 0.7, can be used as traditional and realistic values, respectively. For small cells, approx. 16 antenna elements can be mounted for 2D antennas for small cells for 3.5 GHz. Note that, if we consider applying cross-polarized antenna, the values are doubled.
Table I – Number of Antenna Elements for 3D MIMO
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Figure 3 – Antenna configurations for elevation BF and FD-MIMO
Proposal 2: The feasible number of antenna elements is 8 for macro 1D antennas for 2 GHz and 16 antennas for 2D small cell antennas for 3.5 GHz. The value will be doubled if we consider applying cross-polarized antennas.
These elements are grouped into several subarrays, where the number of antenna elements in one subarray is denoted as K. Considering the tradeoff between beamforming gain (flexibility of beamforming) and the complexity of the AAS implementation, “more than 2” and “1 or 2” can be a candidates for K for homogeneous macro and small cell antennas, respectively.

Proposal 3: Feasible number of antenna elements per subarray is “more than 2” for macro cell and “1 or 2” for small cell.
4. Evaluation Assumptions

Tables II (a) and II (b) show the possible evaluation assumptions for homogeneous macro scenario and heterogeneous NW with small cells, respectively. For macro cell scenario, it is possible to reuse 3D-UMi and 3D-UMa as evaluated in the 3D channel SI. For the heterogeneous NW scenario, SCE scenario 2a [3], i.e., heterogeneous NW using separate frequencies, can be reused with modification considering the outcome of 3D channel SI, i.e., antenna modeling, channel modeling and height distribution of UEs. In addition, small cell distribution should be revisited. For SCE scenario 2a, omni-directional small cells are distributed with the minimum distance of 20 m. However, considering that planar antenna has directivity, overlap of small cell areas occurs depending on the horizontal angle of small cell antennas as shown in Fig. 3. In order to avoid this problem, following procedure can be considered as an alternative. 

· Step 1: Determine small cell centers considering the minimum distance, e.g., 20 m (Small cell areas are modeled as circles).

· Step 2: Randomly deploy small cell antennas on area circle with the radius of half of the minimum distance between small cells, e.g., 10 m.

· Step 3: Determine the horizontal angle of the small cells with the planer facing to the small cell center.
Table II – Evaluation Assumptions

(a) Homogeneous macro scenario
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 (b) Heterogeneous NW with small cells
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Figure 4 – Small cell distribution for homogeneous NW

For HetNet scenarios, it is preferred to simplify the model as much as possible, since HetNet with FD-MIMO requires a long simulation time. Hence, performance for HetNet scenarios can be corrected only for small cells, whereas macro cell is used for cell selection. In addition, a 7 macro site model can be used instead of a 19 macro site model.

Proposal 4: Reuse 3D-UMa and 3D-UMi model for homogeneous macro scenario.

Proposal 5: For heterogeneous NW with small cell scenarios, SCE scenario 2a is reused with the following modifications.

· Antenna modeling

· Channel modeling

· Height distribution of UEs

· Deployment of small cells

Proposal 6: For a heterogeneous NW with small cell scenarios, 7 macro site model is used.

Proposal 7: For a heterogeneous NW with small cell scenarios, macro cell is used only for cell selection.

5. Summary

In this contribution, we propose possible deployment scenarios and evaluation methodologies for elevation BF and FD-MIMO. We observe and propose the followings based on the discussion.

Proposal 1: Evaluate homogeneous macro scenario and heterogeneous NW with small cell scenario in this SI.
Observation: Length of macro antennas and size of small cell 2D antennas for 3D MIMO should be approximately 1 / 2.5 m and 0.2 x 0.2 m, respectively.
Proposal 2: The feasible number of antenna elements is 8 for macro 1D antennas for 2 GHz and 16 antennas for 2D small cell antennas for 3.5 GHz. The value will be doubled if we consider applying cross-polarized antennas.
Proposal 3: Feasible number of antenna elements per subarray is “more than 2” for macro cell and “1 or 2” for small cell.
Proposal 4: Reuse 3D-UMa and 3D-UMi model for homogeneous macro scenario.

Proposal 5: For heterogeneous NW with small cell scenarios, SCE scenario 2a is reused with the following modifications.

· Antenna modeling

· Channel modeling

· Height distribution of UEs

· Deployment of small cells

Proposal 6: For a heterogeneous NW with small cell scenarios, 7 macro site model is used.

Proposal 7: For a heterogeneous NW with small cell scenarios, macro cell is used only for cell selection.
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