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1. Introduction
In [1] it was agreed 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. 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 propose modeling of the two dimensional array structure at the eNB. We also observe how system geometries change for different downtilt methods.
2. 2D Antenna Array Modeling for 3D Channel Model
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Figure 1: Modeling of existing eNB antenna arrays with cross-polarized (XP) elements
Figure 1 shows an example of a common 2D macro eNB antenna array consisting of Q co-located cross-polarized (XP) pairs in elevation where a XP pair is made up of two antenna elements, one with a +45 degree polarization and the other with a -45 degree polarization. When the elevation dimension is not controllable, a single elevation beam weight vector (f1 through fQ with fn=fn+Q in this figure) is applied across the Q elevation elements for both polarizations so that only two logical ports (antennas) are seen by the system. For example the spacing of the elements and the elevation beam weights are chosen to provide a 10 degree beamwidth in elevation. For the 3D channel modeling it is desirable that the channel from each of these Q antenna element pairs to all UE antennas is modeled. This complete modeling is necessary for both 3D-MIMO methods and also FD-MIMO methods. Then the elevation beams (f in the figure) can be applied to the channel that is generated. To model a 2D uniform array of XP elements, the spacing of the elements in azimuth, dH, and elevation dV, will give a specific design as shown in Figure 2 for two columns of XP antennas.
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Figure 2: Modeling of a 2D array with two columns of co-located cross-polarized elements
The following is proposed for 2D array modeling:

1. Element beam pattern: The individual antenna elements of a 2D array can have an elevation beamwidth that matches the azimuth beamwidth. The details as described in RAN4 TR (Section 5.4.4.1.1 of [4]) can be used (an element gain of 8.0 dBi with a 65 degree azimuth and elevation beamwidths with a front to back ratio of 30 dB).
2. 2D array configuration: A simple baseline 2D array configuration in the elevation dimension could be Q=8 elevation elements spaced by 0.64 wavelengths. This design choice allows the all ones weighting (i.e., f1=f2=…=f8=1) to create a 10 degree vertical beamwidth matching the assumption of elevation pattern used in Rel-11.
3. Channels from co-sited sectors: The 3D channel should be site-specific rather than sector specific: one unique 3D channel between the UE and eNB should be generated for all co-sited sectors. The way the sector element patterns filter the different channel rays (i.e., emphasize some rays over others depending on angles of departure) will create different final channel realizations between the UE and each sector. The physical 3D locations of the antenna elements for the co-sited sectors may be modeled as being on top of a tower at a given x-y location and a given height with sectored arrays being separated from a central point by a fixed distance (like a 1m arm)

4. Downtilt (electrical/mechanical): A mechanical downtilt at the eNB can be assumed to be a physical rotation of all the array columns by a certain angle as shown in Figure 3. The modeling of mechanical downtilt as described in A.2.1.6 of [2] can be used. As a result of mechanical downtilt the modeling of individual antenna element patterns and the polarization loss factor (loss due to mismatch of polarization of the Tx and Rx antenna elements) is affected. This is shown in Figure 4 and Figure 5.
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Figure 3: Modeling mechanical downtilt of X degrees (X=0 implies no mechanical downtilt)
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Figure 4: Variation of antenna element patterns (elevation) due to mechanical tilt. Note that the 00-Mechanical tilt case (electrical tilt) is independent of azimuth direction.
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Figure 5: Variation of polarization loss factor (for co-polarized dipole at Tx and Rx) due to mechanical tilt. Note that the 00-Mechanical tilt case (electrical tilt) is at 0-dB for all azimuth angles  

3. Geometry Comparison of 2D and 3D Methodologies

When simulating the 2D channel there is no elevation spread, only the 3GPP 3D antenna (element) pattern is applied with a narrow elevation beamwidth, and the LOS ray to the UE determines the attenuation from the element pattern in elevation. With the new 3D methodology a 3D antenna pattern is used for each element in the array, but the elevation beamwidth of the individual elevation antennas is now 65 degrees (to match the RAN4 definition in [4]), and the narrow elevation beam is simulated by co-phasing an array of elevation elements (i.e., applying an elevation beam across the elevation elements). As a result of the 3D channel model there will now be an elevation spread to the rays so that the attenuation in elevation is not just dictated by a single LOS ray.

An example of the different elevation beam patterns, the elevation pattern of the 2D model versus an elevation array of 8 elements with 0.64 wavelength spacing (chosen to give a 10 degree beamwidth in elevation to match elevation pattern of the 2D model), is given in Figure 6. It should be noted that the resulting geometry of these two elevation patterns will be quite different and hence the baseline system-level results using the 3D modeling will likely be different than the numbers with the 2D model. In addition, the elevation pattern of the 2D model does not accurately model mechanical downtilts whereas a mechanical downtilt modeled with a 3D channel model greatly changes the geometry. For example Figure 7 shows geometries for a 15 degree downtilt for the 3GPP 2D model, a 15 degree electrical downtilt with the 3D modeling, and a 15 degree mechanical downtilt (0 degree electrical) with the 3D modeling. For the 3D modeling the same 8 element vertical array with 0.64 spacing as shown in Figure 6 is used. The reason the geometry changes for the 3D case between electrical downtilts and mechanical downtilts is that for all electrical downtilts, the array elements are aligned in elevation only along the z-axis and hence all azimuth angles see the same elevation beam pattern. However for mechanical downtilts with the 3D model, the individual elements of the 2D array are rotated to point down by the mechanical angle and hence different azimuth angles at the same elevation see a different beam response as shown in Figure 4. 
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Figure 6: Comparison of array pattern with implementation of an elevation array versus the 3GPP vertical element pattern from Table A.2.1.1-2 of [2]
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Figure 7: Geometry comparison of 2D model to 3D model with two different mechanical downtilts.

4. Proposals
In this contribution we describe modeling of the two dimensional array structure at the eNB. We have the following conclusions:

· Element beam pattern - individual antenna elements of a 2D array can be modeled with an elevation beamwidth that matches the azimuth beamwidth. The details as described in RAN4 TR (Section 5.4.4.1.1 of [4]) can be used
· A simple baseline 2D array configuration in the elevation dimension could be Q=8 elevation elements spaced by 0.64 wavelengths. This design choice allows the all ones weighting (i.e., f1=f2=…=f8=1) to create a 10 degree vertical beamwidth
· Channels from co-sited sectors- the 3D channel should be site-specific rather than sector specific: one unique 3D channel between the UE and eNB need to be generated for all co-sited sectors
· Downtilt (electrical/mechanical): A mechanical downtilt at the eNB can be assumed to be a physical rotation of all the array columns by a certain angle as shown in Figure 3. The modeling of mechanical downtilt as described in A.2.1.6 of [2] can be used
References

[1] RP-122034, Study on 3D-Channel Model for Elevation Beamforming and FD-MIMO Studies for LTE.
[2] TR 36.814, v9.0.0, Further Advancements for E-UTRA Physical Layer Aspects (Release 9).

[3] T. Thomas, F. Vook, E. Visotsky, E. Mellios, G. Hilton, A. Nix, “3D Extension of the 3GPP/ITU Channel Model,” Accepted to IEEE VTC2013-Spring.

[4] TR 37.840, v1.0.0, 3GPP; Technical Specification Group Radio Access Network; Study of AAS Base Station (Release 12).
_1426666162.vsd
dH


dV


+450 polarization


-450 polarization


Antenna Array



