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1.
Introduction

Since far-field OTA measurements are performed in an anechoic chamber, the quality of the anechoic chamber affects an uncertainty of signal power measurement such as EIRP and EIS because a direct signal wave and indirect (reflected) signal wave interfere each other and creates a standing wave in the chamber. This standing wave causes a ripple in the measured results. In contribution [1], the quality of the anechoic chamber is discussed, and the contribution [2] depicts uncertainty parameters, such as standing wave between SGH/DUT and test range antenna, and QZ ripple DUT/SGH, and quiet zone quality.  

This contribution proposes that the ripple should be considered as a test tolerance and typical reflection models should be discussed in order to determine the measurement uncertainty value.
2.
Discussion
An anechoic chamber is a room especially for measuring radiated signal. The anechoic chamber is designed to suppress signal reflections at walls, a celling, and a floor of the chamber. However, it is difficult to absorb the incident wave to the walls, floor, and celling in the chamber perfectly. Therefore, a ripple may appear in the power measurement results for EIRP and EIS due to interferences between a signal that directly propagates from transmission antenna to reception antenna and other signals that are reflected in the anechoic chamber. 
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(a) 1 direct signal and 1 reflected signal model
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(b) Estimated amount of ripple

Fig.1  One reflection signal model and estimated ripple. 
 Fig. 1(a) is a model for calculating a ripple of the measurement power. Here, the transmission antenna radiates the signal and the reception antenna receives both signals of S1 and S2. The signal S1 is directly reached from the transmission antenna to the reception antenna, and the signal S2 is arrived at reception antenna after reflecting at the wall of the anechoic chamber. The power of S2 is at most P1 x A. P1 is the power of S1 at reception antenna and A is a reflection coefficient of the wall. In the case as shown in Fig. 1(a), the measured power is larger than the power of desired signal S1. The measured power is not always larger than the power of desired signal because the distribution of the ripple is not the same after the condition in the anechoic chamber (such as DUT, cables, absorbers) changes. The uncertainty of power measurement increases when the amount of ripple becomes large, and the amount of ripple depends on the refection coefficient A. Fig. 1(b) describes a relationship between an estimated amount of ripple R in the measured result and the reflection coefficient AindB. Here AindB is decibel form of reflection coefficient A and expressed as AindB = 20 log A. In this case, if the reflection coefficient AindB is -30 dB (A=0.001), the ripple is estimated to be 0.55 dB. The ripple should be considered to be test tolerance because power measurement results are impacted in the anechoic chamber.

Observation 1:
 A ripple may appear in the power measurement results for EIRP and EIS due to interferences between a signal that directly propagates from transmission antenna to reception antenna and other signals that are reflected in the anechoic chamber.
Proposal 1:
The ripple should be considered to be test tolerance because power measurement results are impacted in the anechoic chamber.
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(a) 1 direct signal, 4 reflected signals model
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(b) Estimated amount of ripple
Fig. 2  Five reflection signals model and estimated ripple. 
On the other hands, Fig. 2(a) is another model for calculating the ripple of the measurement result of the received signal power at the reception antenna in the anechoic chamber. In this case, the reception antenna receives the signals of S1, S2, S3, S4, S5 ,and S6. The S2, S3, S4, S5 ,and S6 are signals that are reflected at the celling, floor, left wall, right wall, and the wall behind the reception antenna, respectively. When the reflection coefficient is the same regardless of the reflection position in the anechoic chamber, the ripple at the reception antenna is estimated as shown in Fig. 2(b). If the reflection coefficient AindB is -30 dB, that is the same value in the former model, the ripple is increased to be 2.8 dB. Therefore, RAN4 should discuss the typical reflection models in order to determine the OTA uncertainty because the amount of ripple depends on the signal reflection model in the anechoic chamber.

Observation 2:The amount of ripple depends on the signal reflection model in the anechoic chamber.
Proposal 2:
RAN4 should discuss the typical reflection models in order to determine the OTA uncertainty.
Results shown in the above figure is calculated under the condition that the omni-directional antenna is used as the reception antenna. In this case, all reflected signals contribute to the occurrence of the ripple equally. If the reception antenna has high front to back ratio, the amount of the ripple may decrease because the influence of the signal S6 becomes weak for making ripple. Thus, the amount of ripple also depends on the directivity of the reception antenna. Therefore, the typical reflection model should be determined with taking into account the directivity of the reception antenna.

Observation 3:

The amount of ripple also depends on the directivity of the reception antenna.

Proposal 3:

Typical reflection model should be determined with taking into account the directivity of the reception antenna.
3.
Conclusions

In this contribution, the ripple of the power measurement in the anechoic chamber is discussed by using two signal reflection models. This discussion concludes as follows:

(Observation 1) 
A ripple may appear in the power measurement results for EIRP and EIS due to interferences between a signal that directly propagates from transmission antenna to reception antenna and other signals that are reflected in the anechoic chamber.
(Proposal1)
The ripple should be considered to be test tolerance because power measurement results are impacted in the anechoic chamber.
(Observation2)

The amount of ripple depends on the signal reflection model in the anechoic chamber.
 (Proposal2)
RAN4 should discuss the typical reflection models in order to determine the OTA uncertainty.
(Observation 3)
The amount of ripple also depends on the directivity of the reception antenna.

(Proposal 3)
Typical reflection model should be determined with taking into account the directivity of the reception antenna.
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