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1 Introduction

At RAN Plenary#69, it was agreed that 3GPP should 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 of the study is to develop a channel model framework for using high frequency spectrum ranging from 6 GHz to 100 GHz. In addition, possible implications of the new channel model on the existing 3D channel model [2] for below 6 GHz should also be considered.
In this contribution, we discuss the channel model support for large antenna arrays.
2 Discussion 
Due to the high path loss for the high frequency bands and the stringent 5G performance requirements, many systems will make use of large antenna arrays (suitable for beamforming and/or Massive-MIMO) to assure a suitable link budget. Massive MIMO systems will also employ a large number of antenna antenna elements that will extend over many wavelengths in space. The channel model should support systems using large antenna arrays.
The traditional geometry-based stochastic channel model (GSCM, e.g.  SCM, WINNER, IMT-Advanced, or 3GPP 3D model) assumes the same propagation conditions (plane wave, angle of arrival) for all the individual antenna elements in an array.  However this approximation becomes inaccurate when the number of antenna elements is large and may cover an area of many wavelengths. 

While the far field criterion is often seen as guaranteeing plane waves, unfortunately this is not always true for large antenna arrays.  Spherical waves may need to be taken into account for larger distances and for the short ranges expected for the cm/mmWave communications links.

The phase error from the centre of the antenna array to the most distant antenna element can be easily calculated from the geometry. With  typical antenna array diameter of 1λ < D < 10λ, the far field criterion allows a phase error of about 22.0°…22.5°. For beam forming and interference cancellation, the modeling error should be less than that, say <<  5°. Therefore, the plane wave assumption is true only if the distance between the antenna array and a point source (or a scatterer) is larger than 4d (to be on the safe side, 8d is recommended), in which d is the far field distance based on the widely used equation d = 2D2/ λ. The far field distance for a massive MIMO antenna for the cm/mmWave frequencies of 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 is beyond the deployment scenarios many cases. As a consequence, spherical wave modeling may become important for 5G channel modeling with very large array manifolds.

The 3GPP 3D model assumes a Laplacian power angular spectrum (PAS) may be adequately modeled by 20 equal amplitude sinusoids. This approximation may be sufficient for small arrays. However, large arrays require accurate angular resolution; otherwise they will see each sinusoid as a separate specular wave, which is non-physical. This problem was studied in the contribution [3] and in the reference [4].

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 25 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 correspond. This causes a correlation error in the order of 0.11 … 0.15 (absolute values) [3].

[image: image1.emf]-50 -40 -30 -20 -10 0 10 20 30 40 50

-20

-10

0

10

20

Power Angle spectrum

Azimuth [unit:degree]

Elevation [unit:degree]

-50 0 50

0

0.01

0.02

0.03

0.04

0.05

Azimuth [unit:degree]

Power [unit:degree]

-20 -10 0 10 20

0

0.01

0.02

0.03

0.04

0.05

Elevation [unit:degree]

Power [unit:degree]


Figure 25 Random pairing of azimuth and elevation angles.
In addition to the spherical wave effect and other alignment problems, very large arrays may see different propagation effects between the different elements of the array. While the minimum size of a very large array is not well defined, one may say that an array becomes “very large” when it is larger than the consistency interval (or stationarity interval or correlation distance). The correlation distance of large scale parameters varies significantly depending on the details of the environment.  For example, in WINNER II it varies from 0.5 to 120 m. Within these distances, all small scale parameters such as angle of arrival, delay, Doppler, polarization, may be different across the array. Also large scale parameters such as shadowing may affect only a sub-set of antenna elements in the array. This is also likely the case with distributed antennas and cooperative networks. The existing 3GPP 3D channel model assumes the same propagation effects across the entire antenna array. This may not be the case for many of the future deployment scenarios.
3 Conclusions
This contribution discussed the necessary features of channel model for the large array simulation.
· Observation: The following aspects can be relevant to large antenna array modeling:
· Spherical wave effect and other alignment problems

· Propagation effects of very large arrays
Proposal: How to model these aspects should be further discussed in RAN1.
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