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1. Introduction
MIMO is a key feature of LTE system. Up to 8Tx MIMO has been supported for downlink in current release. However, one-dimensional antenna array was considered as the main antenna topology during previous CSI feedback design.  Therefore, vertical beamforming may not work well with the current CSI feedback if 2D antenna array is used.   Recently, UE-specific 3D beamforming using 2D antenna array draws significant interest.  Two SI proposals are proposed to study this MIMO enhancement using 2D antenna array.  The SI proposal [3] focuses on the UE-specific elevation beamforming with no more than 8 antenna ports.  Another SI proposal [4] focuses on the case with more than 8 antenna ports which is related to massive MIMO.  Before going to the studies on this topic, scenario identification and introduction of 3D channel modeling are important.   Therefore, 3D MIMO channel SID [1] has been proposed and approved in RAN#58 to study 3D channel model.  One of the objectives of this SI is to:
· Identify the typical usage scenarios of UE-specific beamforming and FD-MIMO 
In this contribution, we address this objective on identification of scenarios of UE-specific beamforming and FD-MIMO.
2.  Scenarios identification
Before going to the discussion scenario, we discuss briefly on the antenna topology of 2D antenna array.  With the current specification, we can only group antenna elements to form up to eight antenna port.  One way to group all the vertical antennas into a port as shown in figures 1(a) and 2(a).  For 3D beamforming up to 8 ports, grouping of antenna elements can be done as shown in figure 1(b) so that it can support UE specific 3D beamforming.  When it supports more than 8 antenna ports with massive MIMO, the antenna ports can be extended in vertical direction e.g. figure 2(b).  Another way is to add antenna elements in horizontal direction as shown in figure 2(c).  More details are discussed in [5]
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Figure 1 3D beamforming using up to 8ports
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 Figure 2  Massive MIMO supporting more than 8 ports


With understanding of these antenna topologies, we now discuss the scenarios which is related to how antenna ports are expanded.  We discuss five scenarios below.  The first four scenarios are macro scenarios in which 2D antenna array is applied to macro.  The last scenario is the small cell scenario with massive 2D antenna array.
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Scenario 1 – Homogeneous macro network with UEs distributed on flat land
This is the typical scenario we have been studied for one dimensional array.  In this scenario, introduction of two dimensional array with UE specific elevation beamforming can provide optimal UE specific tilt which increases the energy towards the UE.  This particularly helps the UE in the blind spot (e.g. under the antenna array) which is not covered well with the fixed tilt as shown in figure 3.  For this purpose, expanding the antenna ports in vertical domain is sufficient (e.g. figure 1(b) or 2(b)).
Figure 3
2.2 Scenario 2 –Homogeneous macro network with UEs distributed in both horizontal & vertical domains
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Figure 4
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Figure 5


Figures 4 and 5 show the scenarios with UEs distributed in both horizontal and vertical domains. The scenarios include the case when the cell is deployed in hilly landscape or around the tall buildings in a city.  With UE-specific 3D beamforming, the antenna elements can be flexibly allocated.  This can potentially reduce the effort of vertical sectorization or avoid deploying different sets of antennas with fixed tilt.  For this purpose, expanding the antenna ports in vertical domain can be sufficient.
2.3 Scenario 3 – MU-MIMO/CoMP
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Figure 6 MU-MIMO/CoMP

In addition to the benefit of increasing the signal energy by 3D beamforming, coordination within the cell or between cells in vertical domain can be done to reduce the interference as shown in figure 6.   For MU-MIMO, the network can pair the UEs with different tilts.  For CoMP, it can improve CS/CB performance because it adds one more dimension of freedom for coordinated beamforming.   This can also provide the benefit to heterogeneous network.  Macro can do better coordinated beamforming to reduce the interference to pico.  Increasing antenna ports only in vertical domain would already help.  If more antenna ports can be added to horizontal domain, it will further narrow the beam to achieve better effect of MU-MIMO or CoMP.
2.4 Scenario 4 – Coverage extension in horizontal domain
	[image: image6.png]



Figure 7
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Figure 8


If more antenna ports are added in horizontal domain in massive MIMO case, it can increase the coverage even in horizontal domain since the beam is very narrow and energy is focused to achieve higher beamforming gain.  More UEs can be covered and hence more UEs are available for MU-MIMO pairing.  This can exploit the huge potential gain of massive MIMO.   For HetNet scenario, it can cover more small cells so that coordination can be done in more centralized way.  Based on this, we can extend CoMP scenarios 3 and 4 to include larger macro coverage area and more UEs in the coverage area.
2.5 Scenario 5 – Small cell
For small cells operating in high frequency band, size may not be a concern when we add more antenna elements because antenna spacing can be reduced.  With massive MIMO, MU-MIMO can be better supported especially in the hotspot area when the channel condition is good.  Moreover, reciprocity can be better utilized especially when SRS interference is less.  Deploying small cells with more antenna elements can also potentially achieve energy saving since less energy is needed with better beamforming.
3. Conclusion
In this contribution we identify some scenarios for UE-specific elevation beamforming and massive MIMO.   3D beamforming can potentially provide performance benefit to various scenarios.  In combination with massive MIMO, it will further broaden the application to more scenarios.  Considering wider application of this technology, the future studies should include the case when the antenna ports are added in both vertical and horizontal domains. 
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