[bookmark: OLE_LINK24][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK14][bookmark: OLE_LINK10]3GPP TSG-RAN WG4 Meeting # 106	R4-2301049
Athens, Greece, February 27 – March 3, 2022
Agenda item:	9.16.5
[bookmark: OLE_LINK9][bookmark: OLE_LINK12]Source:	CAICT
[bookmark: OLE_LINK8]Title:	On noise impact and FR1 lab alignment
[bookmark: OLE_LINK21]Document for:	Approval
[bookmark: _Hlk119613143][bookmark: OLE_LINK19][bookmark: _Hlk119613171][bookmark: OLE_LINK4]1	Introduction
[bookmark: OLE_LINK3]In the last RNA4 meeting, it was agreed to study the noise impact in the chamber for bands below 1GHz, and consider whether to skip the lab alignment activity pending on the confirmation from the study output [1]. 
	Issue 2-3-2: FR1 MIMO OTA lab alignment activity
Agreement:
· Further study the noise impact in the chamber for bands below 1GHz, RAN4 can consider to skip the lab alignment activity pending on the confirmation from the study output.  


In this paper, we share some measurement results to demonstrate impact of the noise in MPAC on MIMO performance for bands below 1GHz. We plan to collect more experiential measurement data for further study.  Before the measurement, we had completed the channel model validation, and the results are presented in R4-2301048. 
The measurement results show that the measured MIMO OTA performance is likely to be incorrect at low frequencies due to noise impact, thus, we suggest to perform an FR1 lab alignment activity for bands lower than 1GHz. 
2	Discussion
2.1 Study on the noise impact 
During the LTE MPAC lab alignment activity, CAICT has studied the impact of amplifier noise on the measured MIMO OTA performance, some valuable observations were presented in [2] as below. It was demonstrated that by adding attenuators after each port of the amplifier, the noise can be reduced and the measurement results can be corrected accordingly. Recently, we collected some experimental measurement data for FR1 MIMO OTA, and found similar observations to those in [2].  
	Observations in [2] for LTE MIMO OTA:
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.
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. 
[bookmark: _Hlk127290091]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.



The system setup for FR1 MIMO OTA testing is shown in Fig. 1. Power control units (PCUs), functioning as adjustable attenuators, are added after each port of the amplifier. We adjusted the PCUs to introduce different attenuation values by a step of 10dB, and measured the same DUT with different attenuation values. The measurement results (12 orientations average in FS DMP mode) at bands n28 (780.5MHz) and n41 (2593MHz) are show in Fig. 2.
[image: ]
Fig. 1  The system setup for FR1 MIMO OTA testing (The PCUs function as adjustable attenuators.)

     [image: ]   [image: ]
(a) Band n28 (780.5MHz)                                                  (b) Band n41 (2593MHz)
Fig. 2  Measured MIMO OTA performance with different attenuation values
It can be observed from Fig. 2 that, as the attenuation value increases, the measurement results first get better and then become stable. At the lower frequency, the effect of the attenuation value is more obvious, and it requires a lager attenuation to make the measurement results stable. The reason is that at lower frequency, the path loss from the amplifier output to the chamber centre is smaller, and when the amplifier noise arrives at the chamber centre, it has higher power than that at higher frequency. 
Adding attenuators after the amplifiers can reduce the noise and make it neglectable for FR1 MIMO OTA testing. A suitable attenuation value can be selected, e.g., for band n28, the measurement results with 20dB-attenuation and 30dB-attenuation are almost the same, but the measurement result with 10dB-attenuation is worse, which means 20dB-attenuation is enough for band n28 in our MPAC system. 
The chamber size used for measurement in this contribution is relatively large. Smaller chambers are more likely to be affected by the amplifier noise. Therefore, the system noise should be carefully handled for the MPAC noise-limited test.
Observation 1:  Amplifier noise will affect MIMO OTA measurement results, especially at low frequency bands.
Observation 2:  By adding suitable attenuators after the amplifiers in MPAC system, the impact of noise can be eliminated and the MIMO OTA measurement results can be corrected.
Proposal 1: Labs should first exclude the impact of noise before performing MIMO OTA measurements, especially for frequency bands <1GHz.

2.2 Views on the FR1 lab alignment
The FR1 MIMO OTA performance requirements will be derived by a data-driven manner in Rel-18. It is necessary to ensure that the measurement results in the data pool for requirements definition are correct and trustable. There are three target bands lower than 1GHz (n28, n5, n8) listed in the Rel-18 MIMO OTA WID, the measured MIMO OTA performance is more likely to be incorrect at these bands due to the impact of noise. We believe it is essential to perform a lab alignment activity to cross-validate the measurement results from different labs, and labs should have chances to adjust and improve their MPAC system to ensure that the noise impact is eliminated. To guarantee sufficient time to perform the lab alignment and subsequent performance work, we suggest to stabilize the framework and time plan for the lab alignment at RAN4#106-bis-e (Apr 2023). 
Observation 3: In the WID, there are three target bands (n28, n5, n8) lower than 1GHz, the MIMO OTA results are likely to be incorrect at these bands due to the impact of amplifier noise.
Proposal 2: Perform a lab alignment activity for bands below 1GHz, to cross-validate the measurement results from different labs and ensure the validity of the data pool for requirements definition. 
Proposal 3: Discuss and conclude the framework and time plan for the lab alignment at RAN4#106-bis-e (Apr 2023).
3	Conclusion
In this paper, we studied the impact of amplifier noise in MPAC on MIMO performance for bands below 1GHz, and shared experience on how to eliminate such impact. Based on the study outcome, we suggest to perform an FR1 lab alignment activity for bands lower than 1GHz. 
Observation 1:  Amplifier noise will affect MIMO OTA measurement results, especially at low frequency bands.
Observation 2:  By adding suitable attenuators after the amplifiers in MPAC system, the impact of noise can be eliminated and the MIMO OTA measurement results can be corrected.
Proposal 1: Labs should first exclude the impact of noise before performing MIMO OTA measurements, especially for frequency bands <1GHz.
Observation 3: In the WID, there are three target bands (n28, n5, n8) lower than 1GHz, the MIMO OTA results are likely to be incorrect at these bands due to the impact of amplifier noise.
Proposal 2: Perform a lab alignment activity for bands below 1GHz, to cross-validate the measurement results from different labs and ensure the validity of the data pool for requirements definition. 
Proposal 3: Discuss and conclude the framework and time plan for the lab alignment at RAN4#106-bis-e (Apr 2023).
References
1. [bookmark: OLE_LINK1]R4-2220612, “WF on NR MIMO OTA enhancement”, CAICT, 3GPP RAN4#105, Nov. 2022.
1. R4-1704751, “Noise issue in MPAC system”, CATR, 3GPP RAN4#83, May 2017.
image3.emf
-10 -8 -6 -4 -2 0

40

60

80

100

120

140

160

 0dB attenuation

 10dB attenuation

 20dB attenuation

 

 

Throughput (Mbps)

Normalized RS EPRE  (dBm/30 kHz)

70% TP


image1.png
Base Station
simulator

Channel
model
emulator

Amplifiers

Power
control units

Test Zone
" yith 20cm

diameter




image2.emf
-10 -8 -6 -4 -2 0

15

20

25

30

35

40

45

70% TP

 0dB attenuation

 10dB attenuation

 20dB attenuation

 30dB attenuation

 

 

Throughput (Mbps)

Normalized RS EPRE  (dBm/15 kHz)


