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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN Plenary#69, it was agreed that 3GPP would need to study performance and feasibility of using high frequency spectrum above 6 GHz for further evolution beyond LTE-Advanced and for technology advancement towards 5G [1]. The aim is to develop a channel model to enable feasibility study and developing framework of using high frequency spectrum ranging from 6 GHz to 100 GHz. In addition, possible implication of the new channel model on the existing 3D channel model [2] for below 6 GHz should also be considered. At the RAN1#84 meeting, it was proposed jointly by 10 companies in [3] that a list of additional features should be reflected in the new channel model. Then it was merged into the WF on channel methodologies [4] which was cosourced and supported by 27 companies. It was accepted as a working assumption [5] with only the last bullet being added to include the investigation of detailed modeling for map-based, stochastic or hybrid methodologies. In [6]we have analyzed the gap of existing 3D channel model on support of some key new features in 5G system.
In this contribution, we further analyze the gap of existing 3D channel model especially on one of the key features, i.e., support for large antenna array, and discuss its impact on the modelling methodology in high level.

2. Support for large antenna array 
Due to the high path loss in high frequency and the stringent 5G performance requirements, using of large antenna arrays (suitable for beamforming and/or Massive-MIMO) will be mandatory. Therefore, the channel model should support them. However, in order to accurately model the propagation characteristics of system with large antenna arrays, new modeling methodologies and parameters should be introduced. In the following, the enablers of support for large antenna array in 5G channel model, and the gap of existing 3D channel model are presented.

1 
2 
Plane Wave vs. Spherical Wave
Massive MIMO systems will employ a high number of antenna elements, and they are located over several wavelengths in space. Traditional geometry-based stochastic channel model (GSCM, e.g. SCM, WINNER, IMT-Advanced, or 3GPP 3D) assumes same propagation conditions (plane wave, angle of arrival) over all antenna elements. However this approximation becomes inaccurate when the number of antenna elements increases.
Usually the following equation is used for definition of far field (Rayleigh criterion, Fraunhofer criterion, used to ensure max 1/16 wavelength error in phase).
		(1)
More precisely [10]
		(2)
in which	
D is the diameter of the antenna array,
 is the wavelength, and
d is the distance between transmitter and receiver

In all cases when the distance is smaller than the far field distance, a more advanced model with spherical wave modeling is needed. Figure 1 shows typical minimum distances for the far field assumptions for the fixed physical antenna size (5, 10, and 20 cm), and for fixed electrical antenna size (2, 4, and 8 wavelengths). When the electrical size is fixed, far field distance becomes smaller in higher frequencies. However, if the physical size is fixed, the far field distance increases according to the frequency. 
[image: ]
[bookmark: _Ref427850232][bookmark: _Ref427850221]Figure 1. Far field distance for fixed mechanical size and for fixed electrical size of antenna.
The far field criterion is often seen as guaranteeing plane waves, but unfortunately it is not true. As mentioned earlier, the equation (1) ensures 1/16 wavelength error in phase. It means 22 degrees phase error along the array, which may be too much for linear beamforming and interference cancellation (zero forcing). Therefore, spherical wave should be taken into account also in larger distances.
We can calculate the phase error from the center of the antenna array to the most distant antenna element easily from the geometry.
[image: ]
Figure 2. Geometry for the phase error calculation.
With values 1 < D < 10, the error is always 22.0°…22.5°. For beam forming and interference cancellation, the modeling error should be less, say <<  5°. Therefore, we could use plane wave assumption only if the distance is larger than 4d (to be on the safe side, we would recommend 8d). Referring to Figure 2, the far field distance d for a massive MIMO antenna for the frequencies of our interest would normally be between 5 to 10 meters, implying that the minimum antenna to cluster distance to safely utilize planar wave front modeling would be in the range 40 to 80 meters, which we barely have in many cases. It means spherical wave modeling is important in 5G.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Deficiency 1: The existing 3GPP 3D does not support spherical waves.

Angular Resolution
3GPP 3D model assumes Laplacian power angular spectrum (PAS) may be adequately modeled by 20 equal amplitude sinusoids (see Figure 3 left). This approximation may be sufficient for small arrays. However, large arrays have accurate angular resolution, and they will see each sinusoid as a separate specular wave, which is non-physical. 

[image: ] 
[bookmark: _Ref427859189]Figure 3. Two sampling methods of Laplacian PAS: Uniform power sampling (left) like done in standard model [7], and Uniform angular sampling (right).

Roughly speaking, the angular resolution of a linear array is 102° / N in which N is the number of elements separated in half wavelength. The 3GPP 3D model the difference between two largest offset angles for Laplacian PAS simulation (AS = 10°) is 21.551° - 15.195° = 6.356°. If N is 20, the angular resolution of the array is 5.1°, which means that the array may see the highest offset angle as a separate specular wave. This problem becomes much more severe when the N increases. Therefore, 3GPP 3D channel model as such is not suitable for massive MIMO.
The 20-sinusoids sampling causes spatial correlation error as shown in Figure 4 (correlation of fading sequence in two different points in space assuming ideal antennas). This problem was studied in the contribution [8]and in the reference [9].
[bookmark: _GoBack][image: ]
[bookmark: _Ref428509704]Figure 4. Spatial correlation by using two different sampling methods in 2D case (azimuth only) [8].

In the 3GPP 3D channel model, 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. Different realizations provide different pairing of elevation and azimuth angles. Figure 5 shows an example of random pairing. The projection to azimuth or elevation plane provides the Laplacian shape, but the projections to other planes do not necessarily do that. This causes correlation error in the order of 0.11 … 0.15 (absolute values) [8].
[image: ]
[bookmark: _Ref427859447]Figure 5. Random pairing of azimuth and elevation angles in [8],[9].
[image: ]
Figure 6. Spherical correlation [8].

Deficiency 2: The existing 3GPP 3D channel model has limited angular resolution.
Deficiency 3: The existing 3GPP 3D channel model provides inconsistent spatial correlation in 3D sphere.

Extremely Large Arrays
[bookmark: OLE_LINK2]In addition to spherical wave effect and other problems described above, very large arrays may see different propagation effects in two ends of the array. Minimum size of an extremely large array is not defined accurately, but one may say that the array size is larger than the consistency interval (or stationarity interval or correlation distance). The correlation distance of large scale parameters varies a lot, in WINNER II it varies from 0.5 to 120 m. All small scale parameters such as angle of arrival, delay, Doppler, polarization, may be different along the array. Also large scale parameters such as shadowing may concern only a sub-set of antenna elements in the array. This phenomenon is illustrated in Figure 7. This is also true with distributed antennas and cooperative networks.  3GPP 3D model assumes the same propagation effects across the entire antenna array.
[image: ]
[bookmark: _Ref428507071]Figure 7. Extremely large array.
[bookmark: _Ref129681832]Deficiency 4: The existing 3GPP 3D channel model does not support extremely large arrays.

Proposal: All the deficiencies will be taken into account when specifying the 3GPP 5G channel model.

3. Conclusions
Based on the analysis above, the existing 3GPP 3D channel model cannot support large antenna array due to the following deficiencies. 
Deficiency 1: The existing 3GPP 3D does not support spherical waves.
Deficiency 2: The existing 3GPP 3D channel model has limited angular resolution.
Deficiency 3: The existing 3GPP 3D channel model provides inconsistent spatial correlation in 3D sphere.
Deficiency 4: The existing 3GPP 3D channel model does not support extremely large arrays.

Therefore, in order to support large antenna array, the following proposal is needed.
Proposal: All the deficiencies will be taken into account when specifying the 3GPP 5G channel model.
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