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1. Introduction

At the RAN1#72bis meeting, several agreements were obtained regarding the various aspects of 3D channel modeling, including scenario details, antenna modeling, and path loss models.  This contribution addresses two points:  First we discuss several remaining issues regarding modeling the antenna array.  Second, we discuss various issues surrounding the calibration of the channel model.  
2. Remaining antenna modeling issues
1. Modeling mechanical downtilt: 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, as shown in Figure 2 and Figure 3.  Figure 4 shows how the geometry from using electrical-only downtilt differs from the geometry from using mechanical-only downtilt (see [4]).  For 3D channel modeling, it is therefore important not only to model electrical downtilt, but also to retain the methodology from [2] for modeling mechanical downtilt. This will also help to model various realistic deployments that include mechanical tilts. 

Proposal: In the 3D channel modeling SI, retain the methodology for modeling mechanical downtilt at the eNB as described in A.2.1.6 of [2].  
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Figure 1: Modeling mechanical downtilt of X degrees (X=0 implies no mechanical downtilt)
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Figure 2: 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 3: 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  
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Figure 4: Geometry comparison of all mechanical tilt versus all electrical tilt: 12° downtilt with 3GPP 2D channel model (36.814 2D), 12° electrical downtilt with all UEs at 1.5m (80% indoors), and 12° mechanical downtilt with all UEs at 1.5m (80% indoors). Detailed assumptions are in Table 1.
2. Electrical tilt value for calibration: A fixed electrical downtilt value can be used for calibration purposes for K=M=10. Firstly the composite antenna patterns due to the element antenna pattern (650 HPBW) and the complex weights as agreed in RAN1#72bis with two different antenna spacings are plotted in Figure 5. It shows that 10 vertical elements with 0.5λ spacing matches a HPBW of 100 more accurately. Therefore in the remaining simulations 0.5λ spacing is assumed. Two scenarios were agreed in RAN1#72bis (noted here as 3D-UMa and 3D-UMi) where UE heights were distributed from 1.5m to 22.5m. The line-of-sight elevation angle of departure (LoS EoD) pdf for this UE height distribution is plotted in Figure 6 for both 3D-UMa and 3D-UMi.
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Figure 5: Comparison of composite antenna patterns with 10 vertical antenna elements and complex weights as agreed in RAN1#73b with the 100 HPBW antenna pattern in TR 36.814. 10 vertical elements with 0.5λ spacing matches the HPBW of the antenna pattern in 36.814
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Figure 6: A pdf of the LoS EoD for the two agreed scenarios in RAN1#72b – 3D-UMi and 3D-UMa where UEs are distributed in height from 1.5m to 22.5m. 
Since the pathloss models for 3D-UMi have not progressed significantly, the scenario 3D-UMa is chosen for evaluating different downtilt angles. The result is shown in Figure 7 where a 120 electrical downtilt angle is providing the best geometry performance. The simulation assumptions are detailed in Table 2. Note that since the UE attachment model here considers only the LoS pathloss, these results may need to be refined once the 3D channel model parameters are in place. 
In Figure 8 we plot the geometry for 3D-UMa scenario for the case K=1. In this case there is no complex weight that is applied across the vertical antennas to form a beam. The element pattern is assumed to be centered at 00 and we have compared two elevation HPBW – 650 and 100 degrees. Detailed assumptions are in Table 3.  
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Figure 7: Geometry comparison for the scenario 3D-UMa with different electrical tilts.
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Figure 8: Geometry comparison for K=1 case in 3D-UMa. Two different HPBWs are compared: 650 and 100.
3. Electrical tilt value for the reference scheme: A reference transmission scheme and a traffic model could be identified as a baseline when evaluating performance of proposed solutions that involves 3D channel modeling in the future.  For simplicity, single cell SU-MIMO transmission with a cross polarized array can be used as the reference scheme.  The antenna weights for creating the desired electrical tilt can be designed to provide an appropriate half power beamwidth and sidelobe characteristics. For the reference simulations, K=M can be assumed.
3. Remaining issues for initial calibration
For the purpose of channel model simulation calibration, the following issues need clarification in addition to the remaining antenna modelling issues discussed in the previous section:

1. UE association to base-station: In the case of 2D channel models and parabolic antenna patterns, pathloss and antenna gain based on a LoS ray can provide a reasonable approximation to modeling RSRP-based attachment. However, in the case of 3D channel models, a more realistic modeling of UE association is essential due to the median EoD (bias from the LoS direction) as well as due to the modeling of the narrow elevation antenna pattern by a set of complex weights (instead of a smooth parabola) and its interaction with a non-zero elevation angular spread. In addition to pathloss, fast-fading channel realizations can be used to generate rays that are filtered with the elevation antenna pattern to provide a more realistic modeling of the UE attachment.  

Proposal:  Clarifications are needed for how the UE association is to be modeled / simulated.

2. Calibration metrics: Key metrics for calibration could be the coupling gain and the geometry.  In addition to plotting the overall geometry for all UEs in the scenario, it can be helpful to separately plot the geometry for all the indoor UEs, all the outdoor UEs, and all UEs that are not on the ground so as to isolate the different contributing factors to the overall metric.

4. Summary
In this contribution we discussed the remaining issues surrounding the modeling of a two dimensional array structure at the eNB. We also discussed issues surrounding calibrating the 3D channel model.  The following table captures the above discussion:  
	
	Calibration of Channel Model
	Reference Simulations

	Scenarios:
	3D-UMi, 3D-UMa as currently agreed
	3D-UMi, 3D-UMa as currently agreed

	Key Metric
	Geometry, Coupling Gain
	Cell Throughput, Edge throughput

	eNB Antenna Electrical-Tilt
	FFS
	FFS

	eNB Antenna Mechanical Tilt
	FFS
	FFS

	Modeling UE Association
	Clarification needed
	Clarification needed

	eNB Antenna Array
	Single Column Cross-Pol Array
	Single or Multiple column Cross-Pol Array

	Traffic Model
	NA
	Full Buffer, Bursty

	Transmission Scheme
	NA
	SU-MIMO, Single Cell


We have the following proposals:

· Proposal:  For 3D channel modeling, retain the methodology for modeling mechanical downtilt at the eNB as described in A.2.1.6 of [2].  
· Proposal:  Clarifications are needed for how the UE association is to be modeled / simulated.
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Appendix
Table 1: Simulation assumptions for Figure 4
	UE dropping
	All UEs at 1.5m, 80% indoors

	Antenna model
	0.64 λ vertical spacing, 8 vertical elements, for electrical tilt complex weights as agreed in RAN1#72bis 

	Attachment
	According to LoS pathloss


Table 2: Simulation assumptions for Figure 7
	UE dropping
	UEs distributed from 1.5m to 22.15m heights according to RAN1#72 agreement, 80% indoors

	Antenna model
	0.5 λ vertical spacing, 10 vertical elements, for electrical tilt complex weights as agreed in RAN1#72bis 

	Attachment
	According to LoS pathloss


Table 3: Simulation assumptions for Figure 8
	UE dropping
	UEs distributed from 1.5m to 22.15m heights according to RAN1#72 agreement, 80% indoors, 3D-UMa (500m ISD)

	Antenna model
	00 tilt, no mechanical tilt 

	Attachment
	According to LoS pathloss


