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1 Introduction

During RAN4#89, there was some discussion on whether there is a need to declare which receivers are active during OTA demodulation testing, or even to specify that different receivers must be active for different tests.
In our understanding, provided that at least one receiver is active per polarization, the number of active receivers will not impact the result of the demodulation test. However, the number of active receivers will impact the feasibility of the OTA test setup. In general, all receivers will need to be active during the demodulation test, and there is no need to declare any activation/deactivation of receivers. This paper outlines the reasoning behind this viewpoint.
2 Discussion
2.1 Origin of receiver combining gain

RX combining gain arises because the wanted signal is coherent at each receiver, whereas the AWGN is random and Gaussian distributed. This is illustrated in figure 1, where there are 4 receiver branches. The same wanted signal is received at each branch. When the wanted signals are combined, in voltage terms the result of the combination is a signal four times greater than the input signal. A four times greater voltage corresponds to 16 times greater power.
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Figure 1: Illustration of conducted testing; independent fading and AWGN are carried separately to the BS antenna connectors using cables
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Figure 2: Illustration of impact of BS combining for conducted testing; the wanted signal adds coherently and the AWGN signal power-wise; hence the SINR improves.
The AWGN are different Gaussian random signals. According to statistical theory, when the 4 random AWGN are added, the standard deviation of the resulting random signal will be sqrt(4), and σ2 will add to 4σ2.

If the power after combining of the wanted signal is 16 times greater and the power of the AWGN 4 times greater, then the resulting SNR gain is 16/4 = 4.

In a nutshell, combining gain arises because the wanted signal adds coherently whilst the AWGN adds statistically.
2.2 Combining within one polarization
The demodulation requirements involve stimulating the BS under test with both a wanted signal and AWGN. The AWGN power is much higher than the receiver noise floor, so that thermal noise in the receiver is negligible and for conducted testing, it is feasible to provide the same wanted signal, and different AWGN to each antenna connector, as illustrated in figure 1. In an OTA environment, it is not possible to provide a separate signal to each receiver, since signals combine within the OTA chamber. Thus, in an OTA chamber both the wanted signal and the AWGN arriving at each receiver are the same and coherent. In this situation, the AWGN does not add statistically at each receiver because it is not a random sample at each receiver. Instead the AWGN adds coherently in the same manner as the wanted signal. For N receivers, the wanted signal power increases N2 times and the AWGN power increase N2 times, leaving the SINR unchanged. This is irrespective of N, the number of active receivers.
It should be noted that it is possible to apply different AWGN signals (and the same wanted signal) to the two different polarizations. So between polarizations, the wanted signal adds coherently, the AWGN adds statistically. The wanted signal power increases 4 times, the AWGN power 2 times after combining and there is a net gain of 3dB.
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Figure 3: Illustration of OTA testing in one polarization. The independent wanted signal and AWGN all combine OTA before reaching the BS. The BS MMSE algorithm has in effect a single input, since all RX signals are combined in the chamber and are exactly the same.
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Figure 4: Ilustration of the impact on signal levels of the OTA chamber; signals combine power wise per polarization.
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Figure 5: Illustration of MMSE combining on signals that have combined in the chamber. All RX antennas receive the same signal for both wanted and AWGN, hence both wanted and AWGN add coherently.
Observation 1: The result of the OTA demodulation test is independent of the number of receivers activated on each polarization.

For OTA testing, it is important to consider the thermal noise in the receiver. As discussed above, the AWGN level should be so high above the thermal noise power that the thermal noise does not impact the demodulation result. For conducted testing, this is straightforward. In an OTA chamber, there is a large pathloss between the test antenna and the BS under test. Furthermore, there is a limit to the amount of power that can be generated from the test equipment. A companion paper [1] discusses the link budget for mm wave OTA testing.
The thermal noise arises internally in each receiver and can be assumed uncorrelated. Thus, the thermal noise adds statistically. After combining, the power in the receiver of the thermal noise will be N times lower than both the AWGN and wanted signal. In other words, the wanted signal and AWGN experience a combining gain of 10log(N) over the thermal noise.


[image: image6]
Figure 6: Illustration of MMSE combining of signals after OTA transmission considering the thermal noise in the BS receivers. The wanted signal/AWGN ratio does not change, but the ratio of both signals to the thermal noise increases. For the test to function correctly, the raito of AWGN to thermal noise should be 10-20dB.
Observation 2: Both the wanted signal and AWGN experience a combining gain of 10log(N) over the thermal noise.

Due to the pathloss of the OTA chamber, this combining gain is highly important. [1] on link budget demonstrates that when transmitting the maximum feasible power in the chamber in AWGN and performing RX combining with all receivers, the AWGN in the receiver can be around 20dB above the thermal noise and hence the thermal noise will be insignificant. If only a single receiver would be active, then the ratio of AWGN to thermal noise would be around 21-24dB lower; i.e. the thermal noise would be around 0-4dB greater than the AWGN. If this would be the case, then the receiver would fail the demodulation test, since the SINR including both thermal noise and AWGN experienced in the receiver would be reduced. The demodulation test would in effect become an RF test, since the interference would depend on the receiver noise figure and the RF architecture. Furthermore, the uncertainty of the demodulation test would rise significantly, since the exact absolute thermal noise level would depend on chamber uncertainties and the element gain in the BS.
Observation 3: To ensure that the demodulation test applies in baseband and works correctly, the AWGN level needs to be significantly greater than the thermal noise level. To achieve this in an OTA test, RX combining within a polarization is needed.

Combining observation 1 and observation 3, it can be deduced that it is necessary to apply receive combining using most or all receivers to enable the link budget for OTA demodulation testing to function correctly, and that activating all of the receivers will not impact the result of the test or the toughness of the requirement.
It should also be noted that to achieve best sensitivity during the sensitivity test, all receivers must be active and hence all receivers are functionally tested. If some receivers would be deactivated during the receiver test, then the BS would in effect operate with redundancy compared to what is needed for meeting the 3GPP requirements.
3 Conclusion

This document has summarized the reasoning why, despite the fact that OTA demodulation testing can test at most 2 RX combining (between polarizations) all receivers need to be active for and OTA demodulation test in order for the test setup to work correctly.

We do not believe there is any need for further discussion in RAN4 in relation to activation of receivers for the demodulation testing.

Proposal 1: Assume all receivers active for OTA demodulation testing. Assuming maximum RX diversity gain is equivalent to 2 branch.
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