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1 Introduction 
Three evaluation cases were identified in RAN1#73 meeting, for the 3 D channel model calibration [1]:

· Three evaluation cases for 3D channel modeling calibration

· First phase: 
(Case 1): Geometry and coupling loss, elevation related parameters (without modelling of fast fading)

· K = 1, M

· Second phase: 
(Case 2): Baseline performance with K = 1

· Transmission scheme, total number of antenna ports and elements FFS

· 1-1 mapping from antenna elements to antenna ports 

· Full buffer and 10 users 

· Note: Does not have any impact on choice of traffic model, number of UEs, and antenna configuration for later performance assessments

(Case 3): Baseline performance with K = M

· Transmission scheme, total number of antenna ports and elements FFS

· M vertical antenna elements are mapped per antenna port

· Full buffer and 10 users 

· Note: Does not have any impact on choice of traffic model, number of UEs, antenna configuration for later performance assessments

In this contribution we show the simulation results for the calibration phase 1 (Case 1) in UMa scenario. 
· We investigate the impact of the following parameters on geometry and coupling gain:
· Height gain α {0.6 dB/m; 0.9 dB/m} 
· Electrical downtilt {96°; 99°; 102}
· Vertical distance between consecutive antenna elements d = {0.5 λ; 0.8 λ }
Based on the results, recommendations on the values for these three parameters are provided, to help the group converge on a single parameter set for simulation assumptions within the Study on 3D Channel Model.

2 Simulation results

The simulation assumptions follow the agreements in previous RAN1 meetings, as captured in [1].
2.1 Height gain [image: image2.png]=1{0.6,0.9) dB/m



 

A height gain α (dB/m) was introduced in the modeling of the pathloss for NLOS UMa scenario in RAN1#72bis:
[image: image3.png]PLiyios(dsTir) = PLip a5 (A Ty =1.5) = a(hyp —1.5)



   
Where PL stands for Path Loss, d is the 3D distance between the eNB and the UE and hUT is the height of the UE. It accounts for the path loss decrease with the UE antenna height, which has been reported in the literature [2].
Figure 1 compares the Cumulative Distribution Function (cdf) of the coupling gain and geometry for height gain of 0.9 dB/m and 0.6 dB/m, assuming K = 1 (no tilt). We only observe small differences in terms of coupling gain and no differences in terms of geometry. We therefore recommend to use a height gain of 0.9 dB/m, which is a value supported by measurements and literature review [2]. 
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Figure 1. Coupling gain and geometry factors for 3D channel ( K=1 ) 
2.2 Electrical Downtilt {90°, 96°; 99°; 102°} (90° represents perpendicular to array)
We now investigate the impact on the electrical downtilt. 
When dealing with the downtilt, we should bear in mind two main effects:

· A moderate downtilt that focus the energy into the area where UEs are dropped is beneficial and help reduce inter-cell interference.
· An excessive downtilt can lead to coverage problems. This is particularly true for narrow beams (big antenna array in the vertical dimension). 

In Figure 2 (d = 0.5 λ), we observe that the cdf of the coupling gain improves for downtilt of  96° degrees, compared to downtilt 90° (no tilt) as expected, since the energy is more focused on the area where the UEs are dropped.  For higher tilts, the coupling gain degrades, particularly for downtilt 102°.
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Figure 2. Coupling gain and geometry factors for α = 0.9, d = 0.5 λ and different values of tilts (K=M=10)
In terms of geometry, when d = 0.5 λ, increasing the downtilt reduces the inter-cell interference, which improves the SINR. This effect overcomes the coupling gain degradation observed for downtilt 99° and 102°.

In Figure 3 (d = 0.8 λ), we observe the same trends in terms of coupling gain than the ones observed for Figure 2 (d = 0.5 λ). The degradation in coupling loss for downtilts 99° and 102° is amplified by the fact that the beam is narrower due to the increased separation between consecutive vertical antenna elements. Therefore, the number of UEs at high levels that are do not receive a signal strong enough increases.
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Figure 3. Coupling gain and geometry factors for α = 0.9, d = 0.8 λ and different values of tilts (K=M=10)
In terms of geometry, downtilts 96° and 99° show an improvement compared to downtilt 90°, as it was the case in Figure 2 (d = 0.5 λ). However, the geometry for downtilt 102° is degraded compared to smaller downtilts, while outperforming the case of no tilt (90°). One possible explanation is that, for this high tilt, the effect of degrading the coverage overcomes the benefits in terms of inter-cell interference reduction. 

This supports the idea that excessive downtilts should be avoided, particularly when the beam is narrow (big antenna array size in the vertical dimension).

Comparing Figure 2 and Figure 3, we observe that the impact on the value of the electrical tilt depend on the vertical distance between consecutive elements.

2.3 Vertical distance between consecutive antenna elements d = {0.5 λ; 0.8 λ}

Although vertical inter-element distances above 0.5λ cause side lobes, d = 0.8 λ seems the most usual configuration that is commercially available currently, as far as we know. Therefore, for the sake of realistic simulations, we propose to prioritize d = 0.8 λ.
3 Conclusion

Based on our simulation results for calibration phase 1 for Uma, we provide the following observations and proposals:

Observation: The differences in terms on coupling gain and geometry for the case of height gain α = 0.9 dB/m and α = 0.6 dB/m are rather small.

Proposal: The group should converge to a single value of height gain α, in order to easy the comparison of the results provided by different companies. α = 0.9 dB/m is proposed, based on the literature review provided in [3].

Observation: Excessive downtilts should be avoided, particularly when the beam is narrow (big antenna array size in the vertical dimension), in order to ensure coverage for deep indoors UEs located at high floors. For inter-element vertical distance of d = 0.8 λ, downtilts higher than 96° degrade the coupling gain cdf.
Proposal: Downtilt 96° is proposed for calibration phase 2 within the Study on 3D channel model, based on our observations on coupling gain degradation for higher downtilts.
Observation: d = 0.8 λ is a usual configuration in the commercially available antenna arrays.
Proposal: The group should discuss on what the most realistic assumption for commercial antenna arrays is in terms of vertical distance between consecutive antenna elements. If d = 0.8 λ is confirmed as the most usual configuration, it should be prioritized.
References
 MACROBUTTON GrindEQ.reference.UpdateGrindeqFields [1]
 RP-130590, Status Report to TSG on RAN1 SI ‘3D-channel model for Elevation Beamforming and FD-MIMO studies for LTE’, RAN#60, June 2013 
[2] R1-131596, ‘Literature review on user antenna height correction factor for 3D-channel models’, Orange, RAN1#72bis, April 2013


