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1 Introduction 
Three evaluation cases were identified in RAN WG1#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

This paper is a contribution to the initial calibration of the 3D channel model in UMa scenario, with fast fading modelling, for different values of downtilt.  Section 2 describes the considered 3D channel model, and provides the values used in this contribution for the set of parameters which have not been agreed in RAN WG1 yet. In addition to the elevation parameters, the 3D MIMO channel model takes into account the new path loss calculation and the UEs distribution described in [1] and in our companion paper [2]. The simulation assumptions follow the agreements in previous RAN WG1 meetings, as captured in [1].
2 Elevation domain parameters
In RAN WG1#73 it was agreed to reuse the ITU channel coefficient generation procedure: 

· Working assumption:
The 3D channel modeling will be based on current ITU channel models Reuse the ITU channel coefficient generation procedure (Figure 4.1 in WINNER II, D 1.1.2 V1.2)
This means keeping most of the azimuth related parameters used in the 2D ITU channel, which is considered as a good initial point. If we adopt the same strategy used for the generation of the azimuth angles, the 3D extension of the ITU channel model requires the adjustment through measurements of the large scale and small scale elevation parameters. As far as correlated large scale parameters are considered, measurements have to be worked out since they lead in most of the cases to non definite positive correlation matrices, a result that could be attributed to the noise caused by the measuring apparatus. This is the case of the measurement values proposed by CMCC [3] where the cross-correlations between large scale parameters do not yield to a positive definite matrix.
In this contribution, we propose to denoise the measurements provided by [3] by searching the closest possible definite matrix to the measured one. 

2.1 Large scale parameters generation
Large scale parameters are random correlated parameters that capture the most important characteristics of the channel. In 2D channel models, there are 5 parameters which are delay spread DS, azimuth spread of departure ASD, azimuth spread of arrival ASA, Rician factor F and shadow fading SF. For 3D channel models, we should add the elevation spread of departure ESD and the elevation spread of arrival ESA.
If we stack these random parameters in a vector [image: image2.png]
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 has to be generated as: 
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 are deterministic values that characterize the distribution of the large scale parameters. These deterministic quantities should depend on the considered scenario.
With the elevation parameters being added, the missing deterministic quantities that have not been yet defined are:  
    1.  [image: image18.png]Hesa
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 : mean and standard deviation of the elevation angle of arrival 
    2.  [image: image22.png]Hesp
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 : mean and standard deviation of the elevation angle of departure 
    3.  Correlation between [image: image26.png]ESA
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 with the other large scale parameters
In [3], the mean and standard deviation values of the elevation parameters have been defined for the UMA scenario as:
	  Propagation Mode 
	 LOS 
	 NLOS 

	ESD
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	0.85 
	 0.92 
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	 0.04 
	 0.14 

	ESA
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	0.87 
	 1.05 
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	 0.05 
	 0.09 


Table  1. ESD and ESA in UMA LOS / NLOS [3]
  Whereas the cross-correlation with the other large scale parameters are given by: 
	  
	 LOS 
	 NLOS 

	 ESD vs SF 
	 -0.35 
	 -0.1 

	 ESA vs SF 
	 -0.05 
	 -0.13

	 ESD vs K 
	 -0.01 
	 N.A 

	 ESA vs K 
	 -0.31 
	 N.A 

	ESD vs DS 
	 -0.03 
	 -0.44 

	 ESA vs DS 
	 0.23 
	 -0.31 

	 ESD vs ASD 
	 -0.17 
	 0.33 

	 ESA vs ASD 
	 0.55 
	 0.16 

	 ESD vs ASA 
	 -0.26 
	 -0.02 

	 ESA vs ASA 
	 0.55 
	 0.33 

	 ESD vs ESA 
	 0.01 
	 -0.03 


Table  2. Cross-correlation with other large scale parameters in UMA as defined by [3]
   Combining the values found in Table 2 with the other correlation values in the ITU does not yield to a positive definite matrix. In this contribution, we propose to use the algorithm proposed in [4] to denoise the measurements of [3]. This algorithm is based on applying subsequently at each iteration two projections: the first one is on the set of positive definite matrices and the second one is on set of symmetric matrices whose diagonal elements are equal to 1. This approach will inevitably change the correlations of the ITU, thereby yielding to the following correlation matrix.  
	
	LOS
	NLOS

	Correlations

	ASD vs DS
	0.3473
	0.3967

	
	ASA vs DS
	0.7340
	0.5783

	
	ASA vs SF
	-0.4338
	-0.0095

	
	ASD vs SF
	-0.4471
	-0.6014

	
	DS vs SF
	-0.4405
	-0.3866

	
	ASD vs ASA
	0.0861
	0.4023

	
	ASD vs K
	-0.0171
	N.A

	
	ASA vs K
	-0.2215
	N.A

	
	DS vs K
	-0.3869
	N.A

	
	SF vs K
	-0.0132
	N.A

	
	ESD vs DS
	-0.0608
	-0.4248

	
	ESA vs DS
	0.2758
	-0.2916

	
	ESA vs SF
	-0.0960
	-01219

	
	ESD vs SF
	-0.319
	-0.0933

	
	ESD vs ASA
	-02096
	-0.0308

	
	ESD vs ESA
	-0.025
	-0.0209

	
	ESD vs K
	-0.02
	N.A

	
	ESA vs K
	-0.2951
	N.A

	
	ESD vs ASD
	-0.1298
	0.3284

	
	ESA vs ASD
	0.4902
	0.1580

	
	ESA vs ASA
	0.4751
	0.317


Table  3. Adjustment of the cross-correlation measures for UMA scenario
2.2 Small scale parameters generation
Small scale parameters characterize the microscopic aspects of the channel which mainly concern for 2D channel models:

· Power of each path and subpath

· Arrival and departure Azimuth angle of each cluster 

· Arrival and departure azimuth spread within each cluster, used to generate the azimuth angle of each subpath

If adding an elevation component to the existing 2D channel model, one has therefore to introduce the following parameters to generate the small scale parameters:

    1.  Cluster elevation spread of departure (Cluster ESD)
    2.  Cluster elevation spread of arrival (Cluster ESA)
    3.  Mean value of the elevation of departure (Mean EoD)
    4.  Mean value of the elevation of arrival (Mean EoA)
Several contributions based on measurements support the use of Laplacian distribution [3] to model the EoD and the EoA, with a nonzero mean. 
The values for the Cluster ESD, Cluster ESA, mean EoD and mean EoA used in this contribution are the same than that of WINNER+ [5], given by: 

	
	LOS
	NLOS

	Cluster ESD
	3°
	3°

	Cluster ESA
	7°
	7°


Table  4. Cluster wise  angle spread in elevation

	
	LOS
	NLOS

	Mean EoD
	2°
	-2°

	Mean EoA
	6°
	10°


Table  5. Cluster wise angle spread in elevation

3 Simulation results
The simulation parameters are given in the Appendix 1. We merely follow the agreements of RAN WG1, and consider the 3D extension model described in section 2. As for the UE attachment procedure which is still under investigation, we assume similarly to the ITU channel model, that only the LOS is taken into account.  

3.1 ITU channel Large Scale Parameters statistics

In this section, we investigate the impact of introducing the elevation component on the large scale parameters. In Figure 1 and Figure 2, we can see that the 3D channel model exhibit the same properties in terms of delay spread and azimuth spread than the 2D model thereby proving that the elevation component does not change the 2D  Large Scale parameters. 
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Figure1. Comparison of Delay Spread for 2D model and 3D model
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Figure2.  Comparison of Azimuth Angular Spread for 2D model and 3D model
Figure 3 shows the departure and arrival elevation angular spread distributions.
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Figure3. Elevation angular spread
3.2 Throughput
3.2.1 Height gain impact on throughput
Figure 4 compares the CDF of the user throughput for a height gain value of 0.6 dB/m and 0.9 dB/m and when the tilt is set to 96° and 99°. Note that as it has been observed in our companion work, the results are almost the same for both height gains. We thus recommend using a value of 0.9 dB/m, as suggested in [6].
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Figure 4. CDF for the throughput for height gains equal to 0.6 and 0.9 dB/m
3.2.2 Electrical downtilt impact on throughput
We now investigate the impact of the electrical downtilt on the throughput.
In our companion contribution [2], we show that the optimal downtilt values for d=0.5λ and d=0.8λ that maximize the geometry factor are respectively given by 102° and 99°, and tilt 96° is the best tilt for both d=0.5λ  and d=0.8λ in terms of coupling gain distribution, which ensures the avoidance of coverage problems for UEs in deep indoor, particularly at high floors. 

Figures 5 and 6 represent the CDF of the throughput when α =0.9 dB/m , for both d=0.5λ  and d=0.8λ.
For d=0.5λ, downtilts 96° and 99° show the best cell edge throughput. For d=0.8λ, tilt 96° maximizes the cell edge throughput. 
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Figure 5. CDF of the throughput for α =0.9 dB/m, d=0.5 λ, for different downtilt values
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Figure 6. CDF of the throughput for α =0.9 dB/m, d=0.8 λ, for different downtilt values

In a second experiment, we investigate the impact of the downtilt values on the throughput of users having different heights. 

We represent for both vertical spacing values the throughput for users with height= 1.5m and height = 16.5m. As it is expected, the best downtilt depends on the user height. Moreover, when the beam is too narrow (d=0.8λ) the users with higher heights are more sensitive to the downtilt value: a low downtilt value should be used for these users; otherwise, a loss in performance occurs. 
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Figure 7. CDF Throughput for d=0.5λ and users with height=1.5m and users with height =16.5m
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Figure 8. CDF Throughput for d=0.8λ and users with height=1.5m and users with height =16.5m
4 Conclusion
This contribution provides initial simulation results for 3D channel model calibration using 3D UE dropping.  The 3D channel model follows the previous agreements in RAN WG1 as captured in [1]. The parameters for which the final values have not been agreed in RAN WG1 yet were derived from CMCC contribution [3] (mean and standard deviation of ESD and ESA, and cross-correlation between the large scale parameters) and from WINNER+ [5] (cluster ESD, cluster ESA, mean EoD, mean EoA).
Based on the simulation results, we make the following observations:
Observations:

· Introducing an elevation component does not change the delay and azimuth spreads with respect to the 2D channel model.
· The height gains 0.9 dB/m and 0.6 dB/m lead approximately to the same performance. 

· In the cell edge, the best downtilt in terms of geometry factor may not be the one that maximizes the throughput. 

· For narrow beams, the performance is more sensitive to the downtilt values, especially for users in high floors. 
Appendix 1
	Parameters
	Value

	Layout and scenario

	Layout
	UMA, Hexagonal grid, 19 micro sites,3 sectors per site

	ISD
	500m

	UE mobility
	3km/h

	BS station height
	25m

	Total BS Tx power
	46dBm

	Min UE-eNB 2D distance
	35m

	UE height model (3D model)
	[image: image48.png]hyg = 3(ng — 1) + 1.5m




20% of users are outdoor users : [image: image50.png]



80%  of users are indoor users  distributed uniformly between the floors  4, 5, 6,7 and 8

	UE height model (2D model)
	All the users are outdoors ([image: image52.png]hyg = 1.5m



)

	UE distribution in x-y plane
	Uniform in cell

	Antenna assumption

	Number of antenna ports
	2

	Number of antenna elements in a column
	M=10

	Number of antenna elements per antenna port
	K=10

	Vertical antenna spacing
	0.8 [image: image54.png]




	Complex weight for each antenna element
	[image: image55.png]exp (—iZn(k -1 dfsin e,,,,),





	Electrical vertical tilting
	0, 6, 9, 12

	Antenna Pattern
	[image: image56.png]Ag(8,$)(dB) = Ggmaxmint—(Ay(d) + Av(8)), Azelement); Aglement = 30dB




where[image: image58.png]Au(d) = —min[u (“’%.)‘,A,n] baap = 65degrees A, = 30dB




and [image: image60.png]Ay (8) = ﬂnin[u ﬂ)‘,sm,,] 634p = 65degrees SLAy = 30dB






	Transmission assumption

	Carrier Frequency
	2 GHz

	Antenna Configuration
	X cross-polarized (3GPP 36.814 polarized method is used)

	Transmission Scheme
	SU-MIMO 2x2, TM4

	Bandwidth
	10 MHz

	Traffic Model
	Full Buffer
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