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1 Introduction
A SID on 3D channel model for elevation beam forming and FD-MIMO (FS_LTE_3D_channel) was agreed in RAN # 58 meeting in Barcelona, Spain, in December 2012 [1]. The WID was revised in Oranjestad, Aruba, in June 2013 [2].

The proposed channel model is based on the same Geometry-based Stochastic Channel Model (GSCM) principles as 3GPP SCM [3], SCME [4], WINNER II [5], IMT-Advanced [6], and WINNER+ [7], and it is further developed during the abovementioned Study Item in 3GPP. The latest channel model description is reported in the TR36.873 [8].

Generation of fast fading (temporal and spatial domain) is done by a limited number of sinusoids. Usually the number of sinusoids is twenty (20), and the same number has been used from early SCM to the simulations done today. In addition to the number of sinusoids, other aspect is the sampling method (angular separation and amplitude of each sine wave).

This contribution discusses the impact of different angular sampling methods on the accuracy to the 3D channel model.

2 Simulation Results
2.1 2D Model (azimuth only)
Both the original SCM model [3] and the model described in TR36.873 [8] (Step 7) assumes that the following sampling of equal amplitude sub-paths provides RMS angle spread of 35 degrees per path (cluster) with a Laplacian distribution. 

	Ray number m
	Basis vector of offset angles m

	1,2
	± 0.0447

	3,4
	± 0.1413

	5,6
	± 0.2492

	7,8
	± 0.3715

	9,10
	± 0.5129

	11,12
	± 0.6797

	13,14
	± 0.8844

	15,16
	± 1.1481

	17,18
	± 1.5195

	19,20
	± 2.1551


	a) The model described in [3] and [8]
	b) Another method is direct sampling of the Laplacian shape
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Figure 1. Implementation of Laplacian shape.
Intuitively, the direct sampling provides more accurate Laplacian shape.

The following graph shows comparison between the two methods. 360 rays in direct sampling was chosen as a reference curve. Based on the comparison we clearly see significant difference in correlation.
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Figure 1. Spatial correlation of 20 rays uniform sampling (SCM) and 360 rays direct sampling (almost ideal reference).
2.2 3D method described in TR36.873.
In the version V1.2.0 of TR36.873, the pairing between azimuth and elevation angles is done randomly, i.e. each azimuth angle is randomly paired with an elevation angle, and the total number of sub-rays is still 20. 

We performed simulations of three independent realisations and the results are shown below.

2.2.1 Power Angular Spectrum (PAS)

Figure 1, Figure 2, and Figure 3 show three different realizations of random pairing of azimuth and elevation angles. In all cases, the azimuth and elevation angles provide the same spectrum, but the coupling (pairing) is different.
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Figure 2. PAS, Realization #1
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Figure 3. PAS, Realization #2
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Figure 4. PAS, Realization #3

2.2.2 Spatial Correlation along x, y, and z axes
The spatial correlations along x, y, and z axes were calculated from the three realizations introduces above. The correlation error seems to be very similar regardless of the realization.
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Figure 5. Spatial Correlation, Realization #1
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Figure 6. Spatial Correlation, Realization #2
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Figure 7. Spatial Correlation, Realization #3

2.2.3 Spatial Correlation over the sphere
The question remains whether the correlation along the three axes is enough. Therefore, full spherical correlation was studied. The spherical correlation between two opposite points of a sphere was calculated at each location along the sphere. Now we can see that the correlation error depends on the realization.
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Figure 8. Spherical Correlation, Realization #1
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Figure 9. Spherical Correlation, Realization #2
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Figure 10. Spherical Correlation, Realization #3

The maximum correlation error is obtained from the figures as follows

	Realization
	Realization #1
	Realization #2
	Realization #3

	Max. error
	0.15
	0.11
	0.12


2.3 Uniform Sampling

In the case of uniform sampling, each azimuth angle is connected to every elevation angle. Then the number of sub-rays is 20x20 = 400.
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Figure 11. PAS, Uniform Sampling.
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Figure 12. Spatial Correlation, Uniform Sampling.
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Figure 13. Spherical Correlation, Uniform Sampling.

The maximum correlation error in uniform samping case is shown below.

	Maximum Error
	0.11


2.4 Direct Sampling
The alternative method is direct sampling in which the azimuth and elevation angles are uniformly sampled following the Laplacian distribution. The number of samples are 10, 20, 30, 40 and 50.
2.4.1 Power Angular Spectrum (PAS)
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Figure 14. PAS, 10x10 samples.
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Figure 15. PAS, 20x20 samples.
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Figure 16. PAS, 30x30 samples.
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Figure 17. PAS, 40x40 samples.
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Figure 18. PAS, 50x50 samples.

2.4.2 Spatial Correlation along x, y, and z axes
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Figure 19. Spatial Correlation, 10x10 samples.
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Figure 20. Spatial Correlation, 20x20 samples.
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Figure 21. Spatial Correlation, 30x30 samples.
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Figure 22. Spatial Correlation, 40x40 samples.
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Figure 23. Spatial Correlation, 50x50 samples.

2.4.3 Spatial Correlation over the sphere

[image: image26.emf]Azimuth [ unit: degree]

Elevation [ unit: degree]

SPC simulated

 

 

-100 0 100

-50

0

50

0.7

0.75

0.8

0.85

0.9

0.95

Azimuth [ unit: degree]

Elevation [ unit: degree]

SPC target

 

 

-100 0 100

-50

0

50

0.5

0.6

0.7

0.8

0.9

Azimuth [ unit: degree]

Elevation [ unit: degree]

SPC error

 

 

-150 -100 -50 0 50 100

-50

0

50

0.1

0.15

0.2

0.25


Figure 24. Spherical Correlation, 10x10 samples.
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Figure 25. Spherical Correlation, 20x20 samples.
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Figure 26. Spherical Correlation, 30x30 samples.
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Figure 27. Spherical Correlation, 40x40 samples.

The maximum correlation error is obtained from the figures as follows

	Number of samples
	10x10
	20x20
	30x30
	40x40

	Max. error
	0.27
	0.07
	0.03
	0.02


2.5 Summary

The following correlation errors were observed.
	Method
	Correlation Error

	Random pairing, realization #1
	0.15

	Random pairing, realization #2
	0.11

	Random pairing, realization #3
	0.12

	Uniform pairing
	0.11

	Direct sampling 10x10
	0.27

	Direct sampling 20x20
	0.07

	Direct sampling 30x30
	0.03

	Direct sampling 40x40
	0.02


The correlation error is calculated based on isotropic antenna assumption. In the case of a Massive MIMO, beam width may be very narrow. It potentially leads to even higher correlation errors. 
3 Proposal
Based on the above results, neither random pairing or uniform sampling of azimuth and elevation provide accurate correlation. Direct sampling seems to provide more accurate 3D correlation behaviour.
Therefore, we propose that the sampling method is revisited for obtaining adequate statistical confidence in 3D simulations. Further discussion on the topic within RAN1 SI on FS_LTE_3D_channel would be appreciated.
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