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1. Introduction
In 3GPP, there have been some discussions about the Standing Wave (reflections) in a CATR. This is an uncertainty term which is included in MU budget of the system setup. Uncertainty value for this contributor has been already agreed in [1]. This contribution is going to provide justification around the uncertainty term.


2. Background
CATR is a test method agreed to be used for OTA conformance testing of AAS BS at sub6GHz both LTE and NR, and is supposed to be the test range reference methodology for 5G NR AAS BS at mmWave. The test method is depicted in Figure 1(a), and Figure 1(b) for OTA TX and OTA RX type of measurements:
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(a)                                                                                     (b)                               
     
Figure 1. Typical CATR setup for (a) OTA TX type of measurements (b) OTA RX type of measurements

MU budget has been extensively analysed during the past years. One of the contributor is the standing wave at both DUT and feed antenna (measurement antenna in CATR). The uncertainty value for those contributors has been agreed to be set to 0.1dB. This value has not been justified so far. This contribution aims at providing justification around this uncertainty value. The justification are valid for sub6GHz and mmWave CATR.









3. Standing Wave Uncertainty in CATR
While for a CATR the reciprocity is valid (S21=S12), reflection coefficients S11, and S22 are quite different. On the feed side, it is very high but always the same so that it can considered as part of the CATR frequency response. On the DUT side, it is typically very low, therefore depending on DUT.   
 
3.1 Between Reflector and Feed (OTA RX type of measurements)
In this scenario the feed is transmitting a spherical wave which is transformed in a plane wave at the reflector. The synthesized plane wave diverges from the reflector away from the central line, and it diverges more for low frequencies compared to high frequencies (at least for a serrated edge reflector, for a rolled edge reflector it is quite frequency independent). Thus there is a quite high level of energy (relative to the level in the QZ) which hits the feed area again. This level can be lowered down by properly design the geometry of the CATR. It has to be noted that this level is constant, independent of the DUT, and therefore can be easily removed.

3.2 Between Reflector and DUT (OTA TX type of measurements)
In this scenario the DUT is transmitting and there is no energy which goes from the DUT to the reflector directly back to the DUT. 
Therefore we have to investigate secondary effects, meaning, the power in this focal plane gets reflected, goes back to the reflector and the DUT. Since everything around the feed is normally well covered with absorbers, the only reflection which happens is at the feed itself. This could be modelled by using the Friis Formula. Especially, the power received by the feed is given by:

                                                                    Pr=Pt*Gr*Gt*(λ/4*π*r)^2 

where free space loss equals to the effective focal length of the reflector (r). Then this power gets reflected inside the feed and the power received by the DUT is given by the same Friis formula. 
As an example, let’s consider the gain of the feed to be 10dB, gain of DUT=20dB, r=5m, and λ=0.1m (at f=3GHz), the power received by the feed normalized to the power transmitted by the DUT is given by:

Pr/ Pt [dB]= Gr[dB]+Gt[dB]+20*log(λ/4*π*r)= 10+20+20*log(0.1/4*π*5)=-26 dB

Assuming that the return loss of the feed is 10dB, the total power reflected by the feed is (2*-26)-10 = -62 dB, and therefore the ripple on the main beam is negligible.
This model can be used when estimating the reflection in a CATR at mmWave designed for BS testsing. Especially, if we do assume the Gain of feed=10dB, Gain of DUT= 30dB, r=3.5m (for a CATR with 50cm QZ), and λ=0.01m (at 30GHz):

Pr/ Pt [dB]= Gr[dB]+Gt[dB]+20*log(λ/4*π*r)= 10+30+20*log(0.01/4*π*3.5)=-33 dB

Assuming again that feed return loss is 10dB, the total power reflected by the feed is (2*-33)-10=-76dB, and therefore the ripple on the main beam is negligible.
Even if the RCS of the feed is significant (like total reflection), it looks like this reflection is really low so that the standing wave is negligible for both sub6GHz and mmWave.



4. Conclusion 
This contribution did provide justification for the standing wave uncertainty term in a CATR for OTA TX and RX type of measurements. This uncertainty can be considered negligible for RX (EIS) and TX (EIRP) power measurements.
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