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1. Introduction

At the past RAN1 meetings, scenarios for 3D MIMO were discussed to identify the typical usage case for UE-specific elevation beamforming and FD-MIMO and the following conclusion is captured in the draft TR [1].
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In the draft TR, it is noted that a heterogeneous network environment is supported by combining UMi and UMa assumptions for the low-power node and macro cell, respectively. In this contribution, we further discuss the assumptions for UMi environments to optimize relevant 3D MIMO operations in a heterogeneous network.
2. 3D MIMO Application in Heterogeneous Network
In Rel. 12 LTE, there has been significant interest in enhancing the DL MIMO performance by adopting antenna systems with a two-dimensional array structure that achieves adaptive beam control in the elevation angle on top of the azimuth angle, i.e., UE-specific elevation beamforming and FD-MIMO. Figure 1 shows a promising application scenario for FD-MIMO, which is a heterogeneous network using different frequency bands. In this scenario, the C-plane is provided by a macro cell in the existing cellular bands to maintain good connectivity and mobility. The macro cell also works as a normal cell supporting both C-plane and U-plane signaling. On the other hand, the U-plane is provided by a small cell using a small cell dedicated band and achieves a progressive capacity gain through the effect of an increased beamforming gain and the absence of interference from the macro-carrier. Here, we note that the 3D MIMO operation in the heterogeneous network using a different carrier is also proposed in [2-8] and its potential is confirmed in small cell discussion [9]. Furthermore, initial simulation results of the heterogeneous network using a different carrier is shown in the Annex.
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Figure 1 – Capacity enhancement using FD-MIMO small cell
The eNB for FD-MIMO will be equipped with a large number of antenna elements. Hence, the frequency band of 3.5 GHz or higher should be the main target considering the size of the antenna. For instance, it is presented in [10] that 32 cross-polarized antenna elements can be installed in 20 x 20 cm planar antenna that uses 3.5 GHz. Since a higher frequency is not suitable for guaranteeing connectivity, but appropriate for enhancing network capacity using a wider bandwidth, FD-MIMO has high affinity for small cell deployment in high traffic areas, e.g., a platform in a train station, a city square, or a shopping mall. In addition, small cell operation of FD-MIMO is also suitable considering the impact of inter-cell interference. More specifically, a small cell is less susceptible to fluctuations in inter-cell interference, which will be increased in 3D MIMO transmission, while FD-MIMO operation in macro cell requires careful cell planning.
Observation: 3D-MIMO has high affinity to small cell operation using a higher frequency band.

Proposal 1: 3D-MIMO operation in a higher frequency should be studied.
3. Scenario for 3D MIMO Study
3.1. Detailed parameters for heterogeneous network scenario

Table I summarizes the major difference in the simulation assumptions for small/pico cell in small cell enhancement (SCE) [11] and CoMP [12] SIs. Note that similar consideration can be found in [8]. First, we find that the small cell using 3.5 GHz is captured in the SCE assumption considering the prospect of future network deployment. Furthermore, the total BS transmit power and minimum UE to eNB 2D distance differ from SCE and CoMP assumptions. However, the assumption for the minimum 2D distance depends on the density of the cells so it should be decided after deciding the cell density. Finally, the proposed parameters are summarized in Table II. Modifications from those listed in [1] are highlighted in red.
Table I – Comparisons of Assumptions for Heterogeneous Network
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Carrier frequency

2 GHz 2/3.5 GHz 2 GHz

BS transmit power

41/44 dBm for 10/20 MHz 30 dBm for 10 MHz 30 dBm for 10 MHz

Minimum UE to eNB 2D distance

10 m 5 m 10 m


Table II – Description of Scenarios (modified)
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3.2. Impact on channel model study

In this subsection, we describe the impact of the modification on the channel model study. First, the correction on the BS transmit power is independent of the wireless propagation characteristic and it does not impact the other channel model studies. On the other hand, the modification of a new carrier frequency, i.e., 3.5 GHz, is relevant to the propagation property and any impact on the channel model study should be carefully considered. Regarding long-term fading, the current pathloss equations for the UMi environment support a frequency range up to 6 GHz. On the other hand, the height gain of the NLOS pathloss may depend on the frequency. Figure 2 shows the UMi NLOS pathloss as a function of the distance between eNB and UE for different linear height gains, , of 0.6 and 0.9 as examples. The results show that the height gain has little relevance to the carrier frequency and the same  can be applied independent of the carrier frequency. In addition, other channel properties such as the LOS probability, environmental height, and antenna modeling seem to have no relevance to the carrier frequency.
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        (a) 2 GHz                                                                  (b) 3.5 GHz
Figure 2 – UMi NLOS pathloss for different height gains
4. Conclusion
In this contribution, we further discussed the assumptions for UMi environments to optimize relevant 3D MIMO operation in heterogeneous networks. Our observation and proposals based on the discussion are given below.
Observation: 3D-MIMO has high affinity to small cell operation using a higher frequency band.
Proposal 1: 3D-MIMO operation in a higher frequency should be studied.
Proposal 2: The following table should be agreed upon as the scenario for 3D MIMO.
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ANNEX: Heterogeneous Network Using Different Frequency
Figure A1 shows the sector throughput for a heterogeneous network using 2 and 3.5 GHz for the macro and small cells, respectively, with the number of small cells as a parameter. The detailed simulation assumptions are given in Table AI. The figure shows that the sector throughput increases progressively according to the number of small cells and achieves the sector throughput of 196.4 Mbps when 20 small cells are deployed, since small cells enjoy a significant benefit from the absence of interference from the macro-carrier.
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Figure A1 – Sector throughput for macro cell and small cell.
Table AI – Simulation Assumption.
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Multipath channel model Pedestrian-A (w/o fading correlation)

Antenna configuration 2-by-2

Traffic model Full buffer
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Scenario 3D-UMi: Urban Micro cell with high (outdoor/indoor) UE density


Base station is below surrounding buildings


Scenario 3D-UMa: Urban Macro cell with high (outdoor/indoor) UE density


Base station is above surrounding buildings


Table � SEQ Table \* ARABIC �1�: Description of scenarios


�
�
Urban Micro cell with high UE density (3D-UMi)�
Urban Macro cell with high UE density (3D-UMa)�
�
SECTION-1�
�
Layout�
�
Hexagonal grid, 19 micro sites,3 sectors per site�
Hexagonal grid, 19 macro sites,3 sectors per site�
�
UE mobility (movement in horizontal plane)�
�
3kmph�
3kmph�
�
BS antenna height�
�
10m �
25m �
�
Total BS Tx Power�
�
41/44 dBm for 10/20MHz�
46/49 dBm for 10/20MHz�
�
Carrier frequency�
�
2 GHz �
2 GHz �
�
Min. UE-eNB 2D distance �
�
10m [other values FFS] �
35m�
�
UE height (hUT) in meters�
general equation�
hUT=3(nfl – 1) + 1.5�
hUT=3(nfl – 1) + 1.5�
�
�
nfl for outdoor UEs�
1�
1�
�
�
nfl for indoor UEs�
nfl ~ uniform(1,Nfl) where


Nfl ~ uniform(4,8)�
nfl ~ uniform(1,Nfl) where


Nfl ~ uniform(4,8)�
�
Indoor UE fraction�
�
80%�
80%�
�
SECTION-21)�
�
UE distribution (in x-yplane)�
Outdoor UEs�
uniform in cell �
uniform in cell �
�
�
Indoor UEs�
uniform in cell�
uniform in cell �
�
ISD�
�
200m�
500m (FFS: 200m)�
�
1)Assumptions in SECTION-2 are for calibration purposes only in this SI. Assumptions in SECTION-2 are to be revisited for evaluating relative performance of proposed solutions in future SIs





Heterogeneous Networks 


Channel models developed for Urban Micro cell with high UE density and Urban Macro cell with high UE density scenarios shall support heterogeneous deployment scenarios.


It is assumed that for heterogeneous deployment scenarios the macro BS height is at 25m and the lower-power node is at 10m height.
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