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1
Introduction
In RAN4#98e meeting, the MIMO Average Spherical Coverage (MASC) was agreed as the Figure of Merit of FR2 MIMO OTA requirement [1] [2]. The MASC is the average value of all the values better than 50% percentile of the CDF. However, whether the CDF curve should consider the substitution approach for the missing points those can not meet 70%TP, is not concluded.  
In this paper, we further discuss the data processing method for FR2 measurement results.
2
Discussion

2.1 Analysis of the impacts from missing points 
In the last RAN4 meeting, the average approach named as MASC has been agreed, however how to treat the missing points can not reach 70%TP for MASC calculation is not concluded [2]:
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For FR1 MIMO OTA, the substitution approach is adopted to derive the SMODE sensitivity [3]:
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Due to the limited dynamic range of FR2 MIMO OTA test system, the risk of failing target throughput at each test orientation is much larger. How to treat the missing points is an important issue the group need to resolve. We analyse some data to present the impact of the substitution approach. 
The results are from LTE devices, the absolute value is not important, we use four devices “DUT1-Good”, “DUT2- Nominal”, “DUT3-Bad” and “DUT4-large gain drop” to present the typical performance impacts of final UE performance with substitution+CDF approach. All the original 36 points are the results of DMP, DML, and DMFU, we artificially change some values to be the maximum downlink RS-EPRE PRS-EPRE-MAX (-80dBm/15kHz) to simulate the missing points those can not reach target TP. 
For each device, 5 positions can not reach 70%TP, and those sensitivity values are changed to -80 dBm/15kHz, DUT1 is the one with best performance, we can see that most of the sensitivity values are much better than -80dBm/15kHz. However, the power at 50% percentile of the CDF does not show much difference with or without the substitution (~0.3dB), as shown in Figure 1. Moreover, we further calculate the MASC based on the CDF curves, the difference of MASC performance is still very small, ~0.15dB. 
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Figure 1: MASC performance of DUT1 (Good) with 5 points substitution (left) and without substitution (right)
Given the MASC is calculated based on all the values better than 50% value, different number of values are used to derive the final performance (i.e. total 18 number from CDF curve with substitution value in Figure 1 Left, and total 16 number from CDF curve without substitution value in Figure 1 Right). Given nearly the same P50%-tile for left and right condition, the values selected for final MASC estimation do not show much difference. 

Observation 1: For DUT1 with good MIMO OTA performance, the substitution approach does not have much impact (~0.3dB) on the Power at 50% percentile value and final MASC performance (~0.2dB).

We further analyse the impacts on DUT2 and DUT3.
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Figure 2: MASC performance of DUT2 (Nominal) with 5 points substitution (left) and without substitution (right)
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Figure 3: MASC performance of DUT3 (Bad) with 5 points substitution (left) and without substitution (right)
As shown in Figure 2 and Figure 3, the similar performance difference has been identified, the variation of P50%-tile and MASC for DUT2 and DUT3 is within 0.3dB.
Observation 2: For “DUT2- Nominal” and “DUT3-Bad”, similar trend with “DUT1-Good” is observed.   

We further check the performance impacts with DUT4 which has large gain drop (i.e. wide performance variation from -80 dBm/15kHz to -105 dBm/15kHz), the gain drop from peak direction to 50%-tile is about 12.5dB, as shown in Figure 4.
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Figure 4: MASC performance of DUT4 with 5 points substitution (left) and without substitution (right)
As per the EIS and spherical coverage requirements in the TS 38.101-2 [4], the gain drop from EIS peak to EIS at 50th %-tile for n260 is 12.6 dB.
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For DUT4, the gain drop from peak to 50%-tile value is close to the typical gain drop of EIS performance at band n260 defined in TS 38.101-2, which is intended to simulate a typical FR2 MIMO OTA trend.

Observation 3: For DUT4 with large gain drop from peak to 50%-tile value, the MASC difference is about 0.9dB.
All the analysis is based on 5-points substitution in Figure 1-4. To show the impacts by the number of missing points, we further increase the number from 5 to 9, and select DUT2 and DUT 4 to present the impacts on final MASC performance. 
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Figure 5: MASC performance of DUT2 with 9 points substitution (left) and without substitution (right)
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Figure 6: MASC performance of DUT4 with 9 points substitution (left) and without substitution (right)
As shown in Figure 5, we can see that 9-points substitution introduces ~0.7dB offset of MASC performance of DUT2, which is a bit larger than that in Figure 2. Similarly, 9-points substitution approach introduces ~2.2 dB offset of MASC performance of DUT4.
Observation 4: The device has large gain drop among different directions would be impacted greater by the substitution approach with more missing points (e.g. ~2.2dB for DUT4 with 9 points missing condition).  

In summary, for typical UEs with few missing points, the MASC value will not be impacted significantly with/without substitution of missing points. But for UEs with large gain drop, the impacts will be larger. Therefore, we propose to calculate the MASC based on the CDF with substitutions, and the final MASC performance is the average of the top 18 points.

Proposal 1: The CDF curve should adopt substitution approach, the final MASC is the average of the top 18 points.
Considering only define MASC performance would not be sufficient to quantify UE FR2 MIMO OTA performance, the number of missing points should also be considered. 

Proposal 2: Similar to FR1 FoM, RAN4 should define an additional criterion of the number of missing points (i.e. directions that can not reach target throughput even at the maximum downlink power supported by the system) for FR2 MIMO OTA.
4
Conclusion

Based on the analysis of MASC value w/wo substitution approach by different DUT with Good, Nominal, Bad, and DUT with spread performance close to EIS spherical coverage, we propose the following data processing for FR2 FoM:
Observation 1: For DUT1 with good MIMO OTA performance, the substitution approach does not have much impact (~0.3dB) on the Power at 50% percentile value and final MASC performance (~0.2dB).

Observation 2: For “DUT2- Nominal” and “DUT3-Bad”, similar trend with “DUT1-Good” is observed.   

Observation 3: For DUT4 with large gain drop from peak to 50%-tile value, the MASC difference is about 0.9dB.

Observation 4: The device has large gain drop among different directions would be impacted greater by the substitution approach with more missing points (e.g. ~2.2dB for DUT4 with 9 points missing condition).  

Proposal 1: The CDF curve should adopt substitution approach, the final MASC is the average of the top 18 points.

Proposal 2: Similar to FR1 FoM, RAN4 should define an additional criterion of the number of missing points (i.e. directions that can not reach target throughput even at the maximum downlink power supported by the system) for FR2 MIMO OTA.
4
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For FR2 MIMO OTA performance requirements:


How to treat the orientations that cannot reach 70% TP


how to treat the missing points can not reach 70%TP for MASC calculation is FFS


additional criterion on how to treat the number of missing points should be further studied








If 1 azimuth position does not result in a defined measured sensitivity at 70% throughput, SMODE,70 is calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE PRS-EPRE-MAX (substitution approach) for the one missing result. PRS-EPRE-MAX is the maximum downlink RS-EPRE supported by the test system, and is defined as below:


For FR1 band frequency <3GHz, the PRS-EPRE-MAX is [-80dBm/15kHz (or equivalent 77dBm/30kHz)]


For FR1 band frequency >3GHz, the PRS-EPRE-MAX is TBD.








Table 7.3.2.3-1: Reference sensitivity


Operating band�
REFSENS (dBm) / Channel bandwidth�
�
�
50 MHz�
100 MHz�
200 MHz�
400 MHz�
�
n257�
-88.3�
-85.3�
-82.3�
-79.3�
�
n258�
-88.3�
-85.3�
-82.3�
-79.3�
�
n259�
-84.7�
-81.7�
-78.7�
-75.7�
�
n260�
-85.7�
-82.7�
-79.7�
-76.7�
�
n261�
-88.3�
-85.3�
-82.3�
-79.3�
�
NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4�
�



Table 7.3.4.3-1: EIS spherical coverage for power class 3


Operating band�
EIS at 50th %-tile CCDF (dBm) / Channel bandwidth�
�
�
50 MHz�
100 MHz�
200 MHz�
400 MHz�
�
n257�
-77.4�
-74.4�
-71.4�
-68.4�
�
n258�
-77.4�
-74.4�
-71.4�
-68.4�
�
n259�
-71.9�
-68.9�
-65.9�
-62.9�
�
n260�
-73.1�
-70.1�
-67.1�
-64.1�
�
n261�
-77.4�
-74.4�
-71.4�
-68.4�
�
NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4


NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.�
�
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