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1	Introduction
This contribution is a text proposal for adding Appendix F with NFTF rationale to TR38.810 [1].
2	Proposal
<< Unchanged sections omitted >>

[bookmark: _Toc508617347]<< Start of proposal >>
Annex F:
Rationale behind NFTF method 

[bookmark: _Toc508617348]F.1	NFTF method – working principle
A NFTF (Near Field to Far Field Transform) system measures the amplitude and phase on a surface (spherical in this case) around he DUT.  The 3D far field pattern is obtained by using a modal spherical wave expansion.    The Near Field to Far Field Transform is based on the Huygen’s principle.  A direct solution of the Helmholtz equations is found by applying boundary conditions on the surface at an infinite distance away from the DUT.  From the tangential fields over the surface, the modal coefficients can be determined using the orthogonality of the modal expansion.
The Near to Far field transform is performed in two steps:
•	Expansion (or projection) of the measured Near Field over a set of orthogonal basis functions to evaluate the transformed spectrum	
 Emeas(r) = Spectrum * Fbasis(r)
•	FF (EFF) computation using a the previously calculated spectrum and with the basis functions evaluated at r∞ : 
EFF = Spectrum * Fbasis(r∞)
The Nyquist sampling criterion must be met to obtain enough measurement points for the near field to far field transform to be valid.  The equations for the sampling criterion are below:
[image: ][image: ]
Figure F.1-1:  Sampling Criterion
The method outlined above is normally performed on antennas which are fed from a signal source but can also apply to DUTs which are transmitting by using the phase recovery technique.
[bookmark: _Toc508617349]F.2	NFTF – Spherical Scan
A circular probe array as shown in Figure F.3-1 can measure the full 3D pattern with a rotation in azimuth only.    Through use of electronic switching between the probe array elements the points in elevation can be measured without rotating the DUT in the elevation plane.
F.3	NFTF – Implementation for Self-Transmitting DUTs
[bookmark: _Toc508617350]F.3.1      Phase Recovery Technique
[image: ]
Figure F.3-1:  Typical Test System using Phase Recovery Technique

Figure F.3-1 shows the block diagram of a Near Field Range with the Phase Recovery Unit.
The technique is based on the synchronous reception of two signals, the measurement and reference.  The signal transmitted by the DUT is measured simultaneously with two probes, one being the measurement probe and the other being the reference probe.These two signals are fed into the PRU (Phase Recovery Unit) and the amplitude and absolute phase are acquired.  
[bookmark: _Toc508617351]F.3.2       Obtaining EIRP and TRP
During the near field to far field transformation process, the calibration is applied so that the transmitted power (EIRP) is transformed from dB to dBm.Because the full 3D pattern is measured the TRP can be calculated using the EIRP results.  The EIRP results at beam peak can be also easily obtained.



F.4      NFTF – Measurement Uncertainty due to Phase Variation
[image: SWC1-Figure 4][image: SWC-Figure 4] During the near field to far field transform the DUT’s offset from the reference coordinate system is corrected for.  This is can be achieved because the absolute phase is measured.  

Figure F.4-1:  Spherical Wave Coefficients (SWC) graphical representation
Figure 4.1 shows the Spherical Wave Coefficients of a horn measured at three different distances away from the center of the reference coordinate system.  As can be seen in the figures”
· The DUT far field pattern remains the same
· The DUT far field phase changes with a vector component defined by the displacement of the reference coordinate system
· The number of spherical wave that are needed to fully represent the antenna increases as the DUT moves further away from the center of the reference coordinate system.  
· As the minimum sphere increases  the number of field samples increases. 

If the criteria above are respected during the near field acquisition, there is no uncertainty due to the DUT offset from the reference coordinate system (center of the QZ).

<< end of proposal >>
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