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1. Introduction
In RAN#58, it is agreed that one of the objectives for the 3D channel SI [2] in Rel-12 is to identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation of elevation beamforming for the scenarios identified.  In [1], several scenarios are identified for 3D beamforming and massive MIMO.  The current channel model and evaluation methodology cannot fully reflect gain of 3D beamforming and massive MIMO.   In this contribution we discuss on how to modify 3D channel model.
2. 3D channel model and evaluation methodology 
2.1  Generation of 3D channel coefficients
In [4][5], all the path angle parameters are only modeled in azimuth dimension. e.g. per-path BS angle of departure (AOD), per-path BS/MS angle spread (AS) ,per-path MS angle of arrival(AOA) etc. This model can only be used for modeling MIMO system considering horizontal plane only.  For MIMO system with two-dimensional array considering both vertical and horizontal planes, this model becomes unsuitable since it lacks modeling of AOD, AS and AOA in elevation.  Hence it can’t reflect the phase difference between antennas in vertical direction. 
For scenarios 1, 3, and 5 identified in [1], it can be considered that the UEs are distributed only on a horizontal plane in most of the cases.  In these scenarios, path parameters can be extended to support 3D channel.  The 3D channel model and the procedure in [3] can be used to generate channel coefficients for 3D channel.  Equation(1) below represents the channel coefficients for each cluster n and each receiver and transmitter element pair u,s.
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where 
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 are the antenna element u field patterns for vertical and horizontal polarizations respectively, 0 is the wave length on carrier frequency, and 
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 is the cross polarization power ratios (XPR).  {
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} are initial phase for each ray m of each cluster n and for four different polarization combinations.  
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 is a scalar product of Tx antenna element s and departure angle n, m where 
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is location vector of Tx array element s, 
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  is ray n,m  departure angle and 
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is ray n,m departure elevation angle.  Similarly for Rx, 
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 is a scalar product of Rx antenna element u and arrival angle n,m where 
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  is ray n,m arrival azimuth angle and 
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is ray n,m arrival elevation angle.
The Doppler frequency component is calculated from the angle of arrival (downlink), UT speed v and direction of travel 
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  assuming horizontal only motion:
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The parameters 
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 includes the consideration of both elevation and azimuth angles.  Generation of elevation angles can follow the same procedure as azimuth angles indicated in [3].  
The large scale (LS) parameters associated with elevation, elevation spread at departure (ESD), elevation spread at arrival (ESA) can follow the same calculation method of the large scale parameters in [3] e.g. ASD, ASA in azimuth domain.  i.e. consider first auto-correlation and then cross-correlation of different LS parameters.  

2.2  Modifications due to different UE and eNB heights
In reality, the main path is coming from different ways for different UEs.  Some are directly from the base station.  Some are coming from diffraction around building rooftop.  Some are from reflection of buildings or objects on the street.  The height of different base stations can also be different.  However, eNB height is usually assumed as a fixed height in the existing models.  To better reflect the reality, we propose to introduce a location specific parameter of effective eNB height heff_BS for angles generation.   Different UEs in different location can see different effective eNB heights. 

For scenario 2 identified in [1], UEs are distributed in both horizontal and vertical domains. i.e. UEs are distributed in different elevation.  This can be due to hilly land or UEs being located in the buildings.  In hilly land case, the UE height should have certain correlation for the nearby UEs in proximity.  In the case when the UEs located in the high-rise building, the UE height can be different even if the UEs have the same coordinate in horizontal domain.
We can also combine the consideration of both UE and eNB heights e.g. to introduce a parameter such as Δh.  For different scenarios,Δh  should have different kind of distribution.  e.g. uniform distribution for high-rise building case, normal distribution for hilly land case.
The LOS angle
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should reflect different eNB and UE heights.  The large scale parameters (LSP) DS, ASD, ASA, SF, K, ESD and ESA are expected to be different in different elevation.  However, they should have some correlation considering the geographical position of UEs.  In section 3.3.1 [3], grid based approach is to generate the LS parameters to reflect these correlations in horizontal domain.  To extend the 3D channel model to support this, grids can be setup in vertical domain as well.  For example, one way of doing it is to generate LSP in multiple horizontal planes.  Based on the UE location, pick the closest two planes and then 4 grids from each plane.  Derivation of the LSPs of the corresponding UE can be based on these 8 sets of LSPs e.g. by weighted sum or interpolation.
2.3 Antenna pattern
Study[7] was carried out in RAN4 on Active Antenna System (AAS).  Although 2D antenna array can be deployed with AAS, the focus here should be UE-specific 3D beamforming.  In the perspective of baseband processing, we care more about defining antenna pattern(s) seen from a logical antenna port rather than how this antenna pattern is created.  To avoid lengthy discussion on the antenna weights of AAS in different scenarios, it is more efficient to define the properties of the antenna pattern e.g. 3dB beamwidth, direction etc.   
As stated in [1], antenna port can include different elements in vertical and horizontal domains of 2D antenna array.  Figure 1 shows different antenna topologies.   Figures 1a,1b,1c contain 8 ports, 64 ports and 32 ports respectively.  The corresponding gains (antenna gain plus beamforming gain) are shown in figure 2.   There is tradeoff between antenna gain and beamforming gain by different port allocation/addition to different directions. Considering 3-sector macro cells with antenna topology 1a, we assume the maximum antenna gain equal to 14dBi, the 3dB beamwidth in horizontal and vertical dimension are 70° and 10° respectively.   Reduction in number of antenna elements per port in 1b decreases the antenna gain to 5dBi.  On the other hand, it increases coverage and provides additional beamforming gain (as shown in figure 2b) by UE-specific elevation beamforming in elevation domain.   
Another antenna topology 1c reduces the number of elements per port to half and at the same time adding more antenna elements in horizontal domain.  In this case, the maximum antenna gain is reduced mildly to 11dBi.  The benefit of 1c is to get additional beamforming gain in azimuth domain in addition to elevation domain.  It can be shown that this gives better overall gain in figure 2c.  Therefore, we should also consider this antenna topology although this increases the physical size of antenna array.
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Figure 1  Antenna topologies considering different port allocation
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Figure 2(a) Antenna gain and beamforming gain of antenna topology 1a
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Figure 2(b) Antenna gain and beamforming gain of antenna topology 1b
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Figure 2(c) Antenna gain and beamforming gain of antenna topology 1c


Antenna pattern should be flexible enough to consider different antenna topologies.  For azimuth direction,  the 3-sector antenna pattern used for each sector is defined as [5]:
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is set to 70° as in [5].  For elevation, antenna pattern can be defined as follows:
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θetilt is determined based on the coverage in different scenarios[5].  This parameter can be changed according to the coverage need and beamwidth when we introduce UE-specific 3D beamforming.  SLAv and Am can be set to 30dB.  θ3dB should be decided based on number of antenna elements per port.  It usually ranges from 10° to 80°.  The reference point is 10° when there is no UE-specific elevation beamforming in 1a.  70° or 80° can be considered as the 3dB beamwidth for single antenna element.  When the number of antenna element doubles, θ3dB is reduced by half.
3. Conclusion
In this contribution, we discuss 3D channel model and identify some modifications. 3D channel model from WINNER projects can be used as a starting point for 3D channel modeling.  Modifications due to different UE and eNB heights are considered.  The LOS angle should reflect different eNB and UE heights.  Correlations of LSPs should consider elevation domain as well.  Different antenna topologies and the corresponding tradeoffs are discussed. Antenna pattern should be flexible enough to consider different antenna topologies to study different scenarios of UE specific 3D beamforming and FD-MIMO.
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