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1
Background
CATR is the single harmonization lab in 3GPP MIMO-OTA group [1] [2], and also the MIMO reference lab in CCSA. Recently, 3GPP and CCSA are both performing MPAC lab alignment activity [3] [4], we would like to share some MIMO testing experience of MPAC system verification to progress lab alignment. In the last meeting, we presented some results to demonstrate the importance of uplink power for MIMO OTA testing [5]. This contribution discuss the amplifier noise induced MIMO performance error and how to improve MPAC system.     
2
Discussion
2.1
ADTF testing with different chamber
In our lab, there are two 8-ports amplifier boxes for MPAC system, one for vertical path and the other for horizontal path. The 8-ports amplifier for vertical has much larger noise floor than the other one, so we do some experiments to verify the relationship between amplifier noise and MIMO-OTA performance. I think this will be very useful for MPAC labs to check their systems and then progress the 3GPP MPAC lab alignment activity.

We perform the ADTF testing with reference antenna (nominal antenna) in chamber1 (C1) and chamber 2 (C2), using the same CMW500, channel emulator, power amplifier, reference EUT, and the parameter setting file (except for the input, output calibration and correction files). The final results (12 orientations average) are shown as follows:
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(a) Band13 (751MHz) results                                      (b)  Band7 (2655MHz) results
Fig. 1 MIMO performance in two chambers with different diameter by using the same equipment 
We can see that two chambers have nearly the same results in Band 7, while C1 provides much better results that C2 under Band13.
As the diameter size of C1 is much larger than that of C2, so the range loss from the amplifier output port to chamber center of C1 is much higher. Therefore, when the amplifier noise arrives at the chamber center, it has lower power in C1 system. That is the reason why C1 has better results in low frequency Band 13.

In high frequency Band 7, the range loss is high enough, that the amplifier noise is neglectable when it arrives the chamber center even in C2 system. Therefore, these two chambers provide similar testing results.
Observation 1: Amplifier noise will impact on MIMO performance, especially in low frequency bands.
Observation 2: Although the same test equipment are utilized, the MIMO performance could have large gap by using different chamber.

2.2
System verification 
2.2.1
ADTF testing with attenuator before receiver
To confirm that, we re-measure the EUT in chamber1. However, we insert a 10dB attenuator on each of the two conduct RF cables, which will decrease the effect of “possible external noise” on the receiver. Besides, to compensate the desired downlink signal, we apply a 10dB offset on the final result. Then we measure the same EUT under Band 13 with the same configuration. The results are shown as follows:
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Fig. 2 MIMO performance in chamber1 with additional attenuators before EUT receiver
From figure 2, we can see that the measured results are getting better with additional 10dB attenuator even in chamber1, this confirms that the “external noise” in the chamber center will make the results worse than what it should be. Furthermore, the results only get better 2 dB, instead of 10dB, which indicates that the “external noise” can be neglectable after applying the attenuator.
Observation 3: Even in the large chamber, the amplifier noise will also impact on the MIMO OTA performance. 

Observation 4: For ADTF OTA measurement, the MIMO performance error can be corrected by using additional attenuator before EUT receiver.

2.2.2
ADTF testing with attenuator after amplifier

For normal MIMO OTA testing, we can not insert attenuator before ETU’s receiver. In order to verify and solve the amplifier noise issue, we attached 8 attenuators at the 8 output ports of the amplifier. Then we re-calibrated the system, and performed the MIMO-OTA testing in Band 13 using the reference antenna again. This time we do not use attenuator at the reference antenna and reference EUT. The results are shown as follows.
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Fig. 3 MIMO performance in chamber1 with additional attenuators after amplifier
Now we see that the measured results (pink curve) are almost the same as the correct results (green curve). 
Observation 5: Attenuators should be added after each port of the amplifier for MPAC system to realize the noise reduction, if the lab’s amplifier has large noise floor, especially for low frequency bands.
Observation 6: The system noise should be carefully treated for the MPAC noise-limited test.
3
Conclusions

When performing the MIMO-OTA testing in UE noise-limited MPAC systems, the amplifier noise may affect the testing results, especially in small chamber and in low frequency band. 
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