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1 Introduction
A SID on 3D-channel model for elevation beamforming and FD-MIMO is agreed in RAN # 58 meeting [1]. The objectives of the study are to: 

· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO

· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 

· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes.
In this contribution, we will discuss the usage scenarios of elevation beamforming. The proposals for the modifications to the 3GPP evaluation methodology including 3D antenna model with the 2D antenna array, 3D channel model including multipath fading in both elevation and azimuth domains, modeling for UE location and mobility, can be found in the companion contributions [2] and [3], respectively.  

2 Typical usage

The current elevation beamforming and FD-MIMO are both based on active antenna system (AAS) [4, 5].  From the companion contribution [2], it can be observed that each antenna port corresponds to a transceiver unit and it will be mapped to a 2D antenna sub-array and then a 2D antenna port array structure will come into being with AAS BS.  The separate transceiver can enable an independent control of the amplitude and phase of the signals on the antenna port. The 2D antenna port array structure provides an additional control over the elevation dimension, which can enables a variety of potential usages. 

2.1 Cell splitting
It can be observed from companion contribution [2], Radio Distribution Network (RDN) can perform the amplitude weighting and phase shift on the two-dimensional passive Antenna Array and then form multiple beams with different direction.  This feature can be directly used to form multiple cells with different beams in vertical and horizontal direction, which enables the same time-frequency resource to be reused. A vertical cell splitting will form an inner sub-cell close to the BS and an outer sub-cell far away the BS, as depicted in Fig. 1.  
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Fig.1: vertical cell splitting
By the time-frequency resource reuse, the above cell splitting can improve average system performance. However, the above RDN is usually static and the involved operations are usually performed as an implementation issue, which does not need additional standardization support in RAN1. 

2.2 3D Beamforming
By an adaptive control the amplitude and phase of the signals over the 2D antenna port array, single or multiple beam(s) can be formed in both the elevation and the azimuth domains.  This 3D-beamforming provides finer spatial resolution and then improves SINR for intended UE also reduces interference on other UEs, which is favorable for not only SU-MIMO transmission but also MU-MIMO transmission, as depicted in Fig.2. 
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Fig.2: 3D Beamforming
To effectively support the above usage, standardization efforts on reference signal, CSI measurement and feedback with new codebook suitable for the 2D antenna port array structure are required. 

As pointed out in the companion contribution [2], antenna ports can be formed by not only different non-overlapping sub-arrays but also a same sub-array with different complex weights. The later is usually called as simultaneous multiple beams. Obviously, the antenna port forming scheme will have an impact on the above mentioned design. We propose to take the two typical antenna port forming schemes into account. 

The above typical usage can be considered for both homogeneous and heterogeneous network deployment scenarios. Macro cell and Pico cell can be both configured with AAS BS. How to configure Pico cell with AAS BS can be further study, although Pico cell configured with AAS BS is not extensively evaluated in RAN4 [4]. Mixed configuration at different node with AAS BS or legacy BS should be FFS. The ITU UMa and UMi with proposed modifications in [3] should be considered for Macro node and Pico node configured with AAS BS, respectively.
2.3 Proactive cell shaping
The additional control in elevation of the 2D antenna port array also provides a potential offloading mechanism in heterogeneous network. As shown in Fig.3, Pico node configured with AAS, with same or different carrier with Maco node, can raise the down-tilt and more UEs will be connected with the Pico cell, which will enable offloading from Macro cell.  

A proper procedure and channel design should be specified for the proactive cell shaping mechanism to capture the potential gain.  The typical usage is mainly for heterogeneous network deployment scenario.
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Fig.3: Concept of proactive cell shaping
3 Conclusion

In this contribution, we discussed discuss the typical usage and deployment scenarios for elevation beamforming, Based on the discussion, we have 

Proposal

· The typical usage scenarios for standardization in RAN1 should include

· 3D beamforming 

· Take into account the antenna port forming scheme 

· Separate sub-array for each antenna port

· Simultaneous multiple beams for multiple ports

· Should be considered for both homogeneous and heterogeneous network deployment 

· Macro configured with AAS BS  as baseline
· Pico configured with AAS BS can be FFS
· Co-existing AAS BS and legacy BS can be FFS

· Proactive cell shaping

· Mainly considered for heterogeneous network deployment
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