
accomplished using OTA testing. There are 
two major reasons: cost, high losses and 
coupling experienced at higher frequencies 
make cable testing unfeasible; and massive 
MIMO systems integrate the radio transceivers 
into the antennas, which results in the loss of 
RF test ports. What are the consequences of 
this paradigm change? 

3D OTA measurements
In the past, power was measured as a function 
of time, spectrum or code (CDMA systems). 
The addition of beamforming adds another 
dimension: space or power versus direction  
of departure. Figure 2 gives an example of a 
power measurement.

OTA measurement parameters can be divided 
into two general categories: R&D and 
certification or conformance testing, for more 
complete investigation of the DUT radiated 
properties; and production, for calibration, 
verification, and functional testing. 

The primary test parameters for antenna 
designers include gain patterns, radiated 
power, receiver sensitivity, transceiver/receiver 
characterisation and beam steering/beam 
tracking. Each has its own implications for 
OTA measurements. Beam steering/beam 

tracking is of special interest, however, 
because of the frequencies employed by 
massive MIMO. Although static beam pattern 
characterisation is used for existing cellular 
technology, mmWave systems will require 
dynamic beam measurement to characterise 
beam tracking and beam steering algorithms 
accurately.

Production testing 
Conformance and production testing has many 
aspects. Three that are of particular impor-
tance include:
• Antenna/relative calibration – To form 

beams accurately, the phase misalignment 
between RF signal paths must be less than 
±5°. This measurement can be performed 
using a phase-coherent receiver to measure 
the relative difference between all antenna 
elements. 

• Five-point beam test – According to 
3GPP, the active antenna system (AAS) 
manufacturer specifies a beam direction, 
maximum EiRP and an EiRP threshold for 

each declared beam. In addition to the 
maximum EiRP point, four additional points 
are measured at the declared threshold 
boundary – in other words, a central point 
with highest EIRP and the remaining four 
points that declare the left, right, top and 
bottom boundary (as Figure 3 illustrates). 

• Final functional tests – Performed on the 
completely assembled unit in production, 
this can consist of a simple radiated test,  
a five-point beam test, and aggregate 
transceiver functionality, such as an EVM 
measurement of all transceivers. 

e r   r fie  
measurements
OTA measurement systems can be classified 
according to which part of the radiated field is 
being sampled. Figure 4 illustrates the near- 
and far-fields from a base station antenna array 
(eight circular microstrip antenna patches at 
2.70 GHz with uniform excitation).

The near-field and far-field regions are defined 
by the Fraunhofer distance R = 2*D2/λ, where 
D is the maximum antenna aperture or size.  
In the near-field region, at distances less than 
R, the field consists of both reactive and 
radiated components; whereas the far-field of 
an antenna has only the radiated component. 

Precise phase and magnitude measurements 
over a three-dimensional surface surrounding 
the DUT are required for the mathematical 
transformation to the far-field region, resulting 
in the antenna’s 2D and 3D gain patterns.  
A measurement in the far-field region needs 
only the magnitude to calculate the beam 
pattern of the antenna and can be measured 
at a single point in space if desired.

For small devices (in terms of wavelengths), 
such as UEs, the required chamber size for 
far-field conditions is dominated by the 
measurement wavelength. For larger devices, 
such as base stations or massive MIMO, the 
required chamber size may become very large. 
Chamber sizes can be reduced significantly as 
long as the measurement system accurately 
samples the phase and magnitude of the 
electromagnetic field on the entire enclosing 
surface.

Measuring in the far-field region requires a 
direct measurement of the magnitude of the 

Precise phase and magnitude measurements over a three-dimensional surface 
surrounding the DUT are required for the mathematical transformation to the 
far-field region, resulting in the antenna’s 2D and 3D gain patterns.
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Figure 2. Power measurements as a function of time, frequency, code and space

Figure 3. Five-point test based on manufacturer declaration of five measurement points
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