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1. Introduction
At RAN#58, study on 3D-channel model for elevation beamforming and FD-MIMO has been approved as a Rel.12 SI, where the objectives include [1]:

· 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. Work done outside 3GPP (WINNERII/WINNER+, channel modeling documentation available in public domain) can be used.

· Generate baseline simulation results (corresponding to a number of antenna ports and transmission scheme supported by  Rel-11) with the modified evaluation methodology  

 In this contribution, we discuss some major required modifications when extending the current 2D channel model to the 3D case.
2. Modifications when extended to 3D channel model 
Taking the ITU channel as a starting point, we give initial considerations about modifications required when extending it to model the 3D channel. The existing ITU channel model creation process is given in Fig.1 [2].
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Fig.1 ITU channel model creation process
Following this flow chart, we try to identify major required modifications when extended to the 3D case. 
· Scenario selection

First of all, the propagation scenarios need to be redefined, which should cover the most interesting scenarios for elevation beamforming and FD-MIMO applications. In WINNER II model [3], some elevation related parameters are given for scenarios including indoor, indoor to outdoor (urban micro), outdoor (urban micro) to indoor, and outdoor (urban macro) to indoor. Based on the  agreements at the RAN1#72 meeting, 3D channel models need to be developed for scenarios including urban micro and urban macro cells with high (outdoor/indoor) UE density. For all these scenarios, details such as floor height, building location/height distribution, and UE distribution among floors, etc. are still to be defined.
· Network layout

To obtain the network layout, the locations of outdoor/indoor UEs should be modeled in both horizontal and vertical domains considering the distribution of eNB and UE. It is more important to model the UE mobility in the horizontal dimension than in the vertical dimension, since UE’s speed in the vertical direction is much slower compared with the speed in the horizontal direction. 
· Antennas

To model antenna characteristics, the 3D element antenna field pattern as a function of both azimuth and elevation angles should be specified. 
A 2D antenna array could be constructed in different ways. Figures 2-5 show some possible configurations. Therefore, the typical 2D antenna array structure should be specified, including element position, polarization, array size etc.. 

[image: image2.emf]Fig.2 Fig.3

Fig.4 Fig.5


The method of modeling polarized antennas, e.g. how to calculate antenna gains for co-polarized and cross-polarized field components, should also be explicitly defined.
As for rotation of a certain antenna element around axes of the global coordinate system, the basic rule in A.2.1.6.2 of [2] can still apply.
· Large scale parameters

Large scale parameters such as delay spread (DS), azimuth AoD/AoA spread (ASD/ASA) are required to generate power, delay, AoA, AoD. Correspondingly, large scale parameters required to generate elevation angles EoA, EoD are elevation AoD/AoA spread (ESA/ESD). As for elevation spread (ES), a possible distribution could be log-normal [4], where specific mean and variance values may still need to be determined for different scenarios. 
For ITU channel modeling, cross-correlation has been modeled among large scale parameters including delay spread DS, azimuth spread ASD/ASA, Ricean K factor and shadow fading SF. When extended to the 3D channel model, cross-correlation should also take elevation spread into account, which means now cross-correlation has to be built up among DS, ASD, ASA, ESD, ESA, K, SF seven parameters. 
Additionally, auto-correlation may also need to be modeled for elevation spread to reflect ESA/ESD changes over distance, where correlation distance need to be specified for different scenarios. 
· Multi-path parameters

To generate elevation angles of arrival/departure (EoA/EoD), the power elevation spectrum (PES) should be modeled according to the logic of AoA/AoD generation in [2]. As indicated in[4], the PES could be modeled to follow a distribution such as wrapped Gaussian, Laplacian, or more generally a double exponential distribution. 
Cluster-wise elevation spreads are further required to generate elevation angles EoA/EoD for each ray within a particular cluster. 
How to pair EoA/EoD with AoA/AoD  also need to be specified. 
The baseline direction (mean elevation value) from which deviation occurs may need to be clarified for elevation angles. For azimuth angle generation in 2D channel modeling, this is the azimuth LOS direction. While for 3D channel, whether it is the elevation LOS direction or some other trial mean elevation value has to be determined.
· Channel coefficient generation

With regard to channel coefficient generation, one major modification is that phases brought by deployment of non-ULA arrays or UE mobility along the vertical domain need to be recalculated. Specifically the channel coefficients are given by:
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where 
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 denotes the inner product operator, 
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 is the velocity vector, 
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 is a vector representing the position of the transmitting antenna element 
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 is a unit vector denoting the emitting wave direction; 
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 are defined in a similar way; 
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 3D field patterns for vertical and horizontal polarization components respectively, which depend on both azimuth and elevation angles; 
[image: image14.wmf]k

 coefficients are used to represent possible power leakage between polarization components considering propagation in 3D space.
Finally, all the major possible modifications are added onto the existing channel model and shown in Fig.6.
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Fig.6 Extended channel model creation process
3. Conclusions
In this contribution, we give our initial thoughts on extending the ITU channel to the 3D modeling case. Based on the existing channel modeling process, additionally required parameters and generalizations are discussed for further reference. Among them, parameters and modeling methodologies which may need major modifications for different scenarios are summarized below:
1) 3D antenna pattern and polarization modeling
2) mean value and variance for ESA, ESD

3) cross-correlation coefficient matrix for DS, ASD, ASA, ESD, ESA, K, SF

4) correlation distance to determine auto-correlation of ESA, ESD

5) distribution of EoA & EoD, mean elevation values and elevation spread ESA, ESD
6) EoA, EoD, AoA, AoD pairing
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