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1 Introduction
This contribution presents the deployment scenarios for study item of FD-MIMO and elevation beamforming. During the study item phase of 3D (dimensional) channel model [1], we have developed 3D-UMa and 3D-UMi channel model based on field measurements and simulations. Based on the given channel model, we can generate MIMO channels with outdoor and indoor UEs in different floors and evaluate effects of data transmission with more realistic channel characteristics. In this contribution, we discuss deployment scenarios for homogeneous network considering interference between neighbouring cells. In addition, we discuss co-channel and non-co-channel heterogeneous network scenarios to identify potential benefits of standard enhancements with FD-MIMO schemes in RAN1.
2  Deployment Scenarios
From evaluation point of view, an FD-MIMO system can be defined as a system capable of dynamically controlling the beam direction in both the horizontal and vertical direction using 2D active array under the 3D channel model. With various possibilities of 2D active array configurations, FD-MIMO can be applied for cells with different coverage areas, e.g. macro cell, micro cell and small cell. Such adaptation for different coverage areas can be realized with proper  antenna configuration. 
To evaluate the effect of 2D active array and performance benefit of FD-MIMO, it is clear to start with typical scenarios such as homogeneous network first. On the other hand, the motivation of modelling heterogeneous network is to evaluate the performance of UE that experiences different level of interference from different cells. When small FD-MIMO cells are deployed within macro FD-MIMO cell area, interference with more directivity from multiple small FD-MIMO cells will cause different interference situations compared to what we have evaluated in conventional heterogeneous scenarios. Moreover, if we consider the limited form-factor for small cell antennas, the CRS coverage given by a small cell would not be same as a conventional small cell leading to possibly different performance characteristics compared to that of macro cells. Therefore, evaluation on heterogeneous networks can help to verify the effect of overlapped FD-MIMO small cells in macro area to provide understanding that is more comprehensive. However, if we need to prioritize one deployment scenario over the other, we believe that the prioritized scenario should be the homogeneous macro/micro cell scenario. In our opinion, FD-MIMO system would be most beneficial to handle extremely loaded cells such as macro cell deployments in dense urban environment.
Proposal on deployment scenarios:

· Prioritize homogeneous 3D-UMa and 3D-UMi scenarios

2.1 Homogeneous scenarios (Scenario 1)
For homogeneous scenario (scenario 1), we can have typical scenarios with urban macro and urban micro networks with 3D channel model as shown in subfigures (a) and (b) of Figure 1, respectively. Multi-tier layout should be considered for evaluating inter-cell interference from neighbouring FD-MIMO cells. It is noted that we propose to have same antenna configuration and system (transmission scheme) between all the sites in the networks to have same interference statistics in all cells in network.
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  (a) Scenario 1A (Option A): 3D UMa (ISD=500m)




(b) Scenario 1B (Option B): 3D UMi (ISD=200m)

Figure 1: Homogeneous scenarios.
Proposal on homogeneous scenarios:

· Assume same antenna configuration and transmission mode in all sites (not modelling co-existence of different system or antenna configurations)

2.2 Heterogeneous Scenarios (Scenario 2/3)
From Rel.8-12, RAN1 has been evaluated macro cell only scenarios only as well as heterogeneous network scenarios with overlapping macro/small coverages. The main reason for evaluating heterogeneous network is to perform the evaluation under two different major interference to UE; high interference from macro and moderate interference from small cell layers. For co-channel heterogeneous case (Scenario 2), small cells are deployed with macro cells on 2GHz centre frequency for both macro and small cells. For non-co-channel heterogeneous case (scenario 3), we consider 3.5GHz for small cell layer as in TR36.873. Considering antenna height and radius of macro cell and small cell, it is reasonable to use 3D-UMa for macro-UE link and 3D-UMi for small cell-UE link. 

One potential issue for small cell deployment is to model coverage for small cell with 2D planner array. If we consider 2D planner array for CRS coverage, the beam pattern for antenna port can have directivity and it may not provide omni-directional coverage that we usually assumed for HetNet evaluations. If we consider omni-directional small cell deployment (refer to subfigure (a) of Figure 2 for scenarios 2 and 3), the dropping methodology of small cells can be same as what we used in other SIs. However, for directional antenna cases (refer to subfigure (b) for scenarios 2 and 3), we have never considered such dropping model for small cell. More details should be studied if RAN1 decides to adopt such a small cell model in this study item. We provide further details in our companion contribution [2]. Due to the modelling complexity and considerations of small cell dropping, we should first focus on option A for scenario 2 and 3. We can further evaluate option B after deciding the details of cell dropping model. In addition, further study is also needed for which 2D antenna configuration can give omni-directional coverage for small cell deployment in implementation point of view and whether we can assume same antenna configuration between macro cell and small cell layer in scenario 2b and 3b.
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(a) Omni-direction small cell  (Option A)                               (b) Directional small cell (Option B)
Figure 2. Heterogeneous scenarios

Proposals for heterogeneous Scenarios:

· Co-channel with 2GHz and non-co-channel with 2/3.5GHz

· N small FD-MIMO cell in one macro cell area (FFS for N)

· Use 3D-UMa for macro cell link and use 3D-UMi for small cell link

· Second priority for Scenario 2A or 3A
· Consider Omni-directional coverage FD-MIMO small cell and directional coverage FD-MIMO small cell

· Further study is needed how we deploy directional coverage small cells

· Further study is needed which antenna configuration can support omni coverage small cell

3 Conclusion
In this contribution, we considered deployment scenarios for FD-MIMO and elevation beamforming. The following proposals are considered for evaluating potential performance enhancement scheme and methods for FD-MIMO. In appendix, we summarized the list of possible scenarios.
Proposals:

· Evaluate both homogeneous and heterogeneous scenarios, 
· First priority on Scenario 1 and second priority on Scenario 2A or 3A
· For homogeneous scenarios

· Assumed same system and antenna configuration in all sites

· For heterogeneous scenarios

· Consider both co-channel with 2GHz (Scenario 2) and non-co-channel with 2/3.5GHz(Scenario 3)
· N small FD-MIMO cell in one macro cell area (FFS for N)
· Use 3D-UMa for macro cell link and use 3D-UMi for small cell link

· Consider both omni-directional coverage FD-MIMO small cell and directional coverage FD-MIMO small cell

· Further discussion on how we deploy small cells with directional antennas in [2]
· Further discussion on which antenna configuration can support omni-directional coverage for small cell in [3]
· Further discussion on different antenna configuration between macro cell layer and small cell layer
Appendix

The table 1 presents the summary of possible deployment scenarios

Table 1: Summary of deployment scenarios
	
	Option A
	Option B

	Deployment Scenario 1
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	Deployment Scenario 2
	[image: image7.emf]
Macro-UE Channel

3D-UMa

ISD(macro)

500m

CF(macro/small)

2GHz/2GHz


	[image: image8.emf]
Macro-UE Channel

3D-UMa

ISD(macro)

500m

CF(macro/small)

2GHz/2GHz



	Deployment Scenario 3
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