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1. Introduction

At last RAN4 meeting (RAN4#79 in Nanjing) contributions on how to test unwanted emission in the radiated domain was presented [1]. To be able to capture all requirements related to unwanted emission ranging from very low frequencies to very high frequencies will most probable require multiple test methods to be developed and included in the standard. 
Testing of in-band unwanted emission requirements could potentially be conducted in test facilities used for in-band radiated transmit power and OTA sensitivity. Some out-of-band testing could be consolidated with traditional EMC emission testing with modifications of test procedure and test facility, while some frequency regions (typically related to out-of-band regions) will require new test approaches. 
This contribution will describe a method dedicated for testing unwanted emission in the out-of-band region. In previous contributions this method has been referred to as shield anechoic chamber (SAC) test method.

2. Discussion

Unwanted emission requirements can be divided into three main groups;

1. In-band unwanted emission; Adjacent Channel Leakage Ratio (ACLR), Spectrum mask and Out-of-Band Unwanted Emission (OBUE)
2. Out-of-band unwanted emission; Spurious emission (General, co-existence and co-location)
3. In-band and out-of-band emission; Transmitter intermodulation, where emission levels shall be maintained under influence of an impinging interference signal. 

The emission levels associated with the pass criteria for a specific unwanted emission requirement is very different for general spurious emission and co-location spurious emission spread out in frequency. To be able to measure levels associated to unwanted emission coexistence requirements a new test method is required, as shown in Figure 2-1.A method referred to as SAC is introduced in frequency regions where co-existence requires is defined. 
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Figure 2-1: Frequency range of unwanted emission

In general the unwanted emission requirement levels for co-location requirements are set close to the noise floor of a victim co-located receiver, which means that the absolute level is typically -96 dBm/100kHz.  To be able to measure low power levels in an OTA test environment, transmission loss due to free-space path loss in the test range must be minimized. On the other hand minimizing the free-space path loss often means that the far-field criterion is violated. However, for unwanted emission (in out-of-band regions) generated by an AAS base station we can assume the following:

1. The emission in the far-field region related to the AAS base station antenna aperture is created from superposition of all elements, where the emission between elements is supposed to be uncorrelated. This means that the relevant far-field distance is the one related to one single element. We also assume that the spatial selectivity for a single element is rather low.
2. The path-loss is minimized, by setting the measurement distance based on far-field criteria per radiating element. Typically, the largest physical size of a single radiating element is in the range of 0.15m, which corresponds to a far-field distance larger than 0.3m (R>2D2/) for =0.15m (corresponding to 2 GHz). 
The background to the above given assumptions and other test related aspects is captured in the following sub-sections.
2.1
Far-Field distance relevant for unwanted emission


From [2], it can be found that the radiation pattern for emission is distributed according to following expression:
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AE is the element pattern,  is the signal correlation between all branches, wn is the array weighting vector and vn is the geometry vector.
Depending on the signal correlation properties, the composite radiation pattern will be different as expected. There are two extremes; all signals are correlated, all signals are uncorrelated.

When =1, the signals between all elements are correlated, which will create beam-forming as:
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It must be noted that for systems with array elements consisting of large passive arrays, the emission will be distributed in a beam-formed fashion. This is typically valid for an AAS base station with digital beam-forming in the azimuth domain only. 

When =0, the signals between all elements are uncorrelated, which will create a composite radiation pattern the same as for a single element as:
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For an AAS base station with half omni-radiation pattern connected to many transmitters through a simple RDN, the emission tend to be distributed only from the element pattern.

For unwanted emission, out-of band, emission contributions will be uncorrelated due to the random phase characteristics in components such as filters. For extremely low frequencies with respect to the physical size of the AAS base station the radiation of emission with be omni-directional, since the base station in this case can be seen as a radiating point source. Therefore it can be concluded that for unwanted emission, the relevant far-field distance is related to a single element.

2.2
Test range path-loss

The far-field distance relevant for unwanted emission is much smaller compared to the far-field distance needed for testing requirements capturing directive beam properties, such as radiated transmit power. The isotropic path-loss for 2GHz is plotted in Figure 2-2.1.
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Figure 2-2.1: Free-space path loss
It can be noted that the isotropic path-loss is about 50 dB at a distance of 4m, but since individual elements are considered the far-field criteria is typical less which is beneficial from path loss perspective for unwanted emission testing. This would allow to use a shielded anechoic chamber very much smaller than a conventional antenna test range.
2.3
Relative noise measurement

Since the emission received at the measurement receiver PUEM for co-location requirements are very low (typically close to the noise-floor of the test equipment), it is suggested to measure the noise change between test object transmission OFF and transmission ON. The relations between measure noise change 1, noise floor N0 and the relation to PUEM with respect to the noise floor denoted 2 is visualized in Figure 2.3-1.
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Figure 2.3-1: Relative noise measurement  
The absolute emission level is calculated as:
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, where No is the noise floor of the measurement receiver and 2 is found in Figure 2.3-2.
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Figure 2.3-2: Measured noise change to relative noise level
The absolute noise floor of the measurement receiver, including probe antenna, cables, filter and LNA is determined by a calibration procedure. The calibration will determine the absolute accuracy of measuring out-of-band unwanted emission close to the thermal noise floor. 
2.4
Test setup

The test setup consists of a shielded anechoic chamber, which is supposed to be significant smaller than a conventional antenna test range. The test object is mounted on a positioner. The positioner is used to move the test object according to specified grid can be sampled. The sampling grid required to extract TRP is described in a companion contribution [3]. A range antenna is placed in the camber at a distance of a few meters corresponding to the far-field distance related to a single element. A band stop filter us used to protect the measurement receiver from the wanted signal. The LNA is used to increase the noise figure for the measurement receiver. In Figure 2.4-1, the test setup is visualized.
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Figure 2.4-1: Principle sketch of test method and corresponding link budget
At the right in the figure above, the link budget associated to the test setup is presented. The parameters in the link budget must be balanced so that the Pem can be detected at the measurement receiver. L is the path-loss in dB, discussed in section 2.2, Grange is the test range antenna (aka probe antenna) gain in dBi, L1 is the feeder loss in dB, SNRmeas is the required signal-to-noise ratio required for a specific measurement uncertainty in dB and No is the noise floor in dB.
Some emission levels related to unwanted emission requirements can be measured directly, such as general emission levels. But for coexistence and co-location emission requirements, where the pass/fail value is very low it is suggested to use the relative measurement approach described in section 2.3.
3. Conclusion

To be able to capture out-of-band radiated unwanted emission a new OTA test method is required. A far-field method based on a measuring emission from point sources has been introduced in this contribution. The method is referred to as SAC or shielded anechoic chamber. The purpose with this method is to capture out-of-band emission only. Radiated transmit power, OTA sensitivity and in-band unwanted emission is captured in direct far-field test range or a compact antenna test range.  
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