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1
Introduction
The test methodologies for FR1 and FR2 MIMO OTA have been finalized, but some important parameters related to how to test the UE MIMO OTA requirements have not been defined [1][2]: 
This paper proposes testing parameters for NR MIMO OTA requirement.

2
Discussion

2.1  Maximum downlink power 
Maximum downlink power is one of the important parameters for MIMO OTA requirements. Given the substitution approach is adopted in [3]: 
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. 
the maximum downlink RS-EPRE supported by the test system would have great impacts on the final performance of UEs those has one position fail to meet 70%TP.

In the last RAN4 meeting, initial agreements on Maximum downlink power has been made [1]:


[image: image1]
The Maximum output power of BS emulator is Full cell power, that means the maximum downlink RS-EPRE is related to the channel bandwidth. Therefore, the maximum output power (dBm/30 kHz) of 40MHz cell is 3 dB lower than 10MHz. In general, the maximum downlink RS-ERPE should be -83 dBm/30kHz for 40MHz channel bandwidth.
Proposal 1: For band frequency <3GHz, the maximum downlink RS-ERPE in the centre of the test zone should be -83 dBm/30kHz for 40MHz. 

For frequency range higher than 3GHz, the end-to-end path loss of a typical OTA chamber at n79 is about 6dB higher than n41. So the achievable maximum downlink power in the center of test zone is several dB lower than 2.6GHz; 
In contrast, for 4x4 MIMO OTA testing, the required MIMO OTA sensitivity power of UE is higher. Therefore, for band frequency >3GHz, the required higher DL power of 4x4 and achievable lower power is a big contradictory issue.   
Observation 1: For band frequency >3GHz, the required higher DL power of 4x4 and achievable lower power is a big contradictory issue. 

If RAN4 define a very low PRS-EPRE-MAX  supported by the test system, then there would be a risk that the UE will not be able to reach high throughput level, which would result in bad TRMS performance or failing the criterion in azimuthal orientations. 

Observation 2: if PRS-EPRE-MAX  is not defined properly, then there would be a risk that the UE will not be able to reach high throughput level (i.e. need high DL power), which would result in bad TRMS performance or failing the criterion in azimuthal orientations. 

Proposal 2: RAN4 should carefully define the maximum downlink RS-ERPE for bands above 3GHz, more analysis and measurement results would be helpful. 

In addition, it should be noted that this value is the maximum downlink RS-EPRE supported by the test system, the max DL power is not need to set with this value for each test. To reduce the testing time, the starting DL power can be set with a proper value lower than PRS-EPRE-MAX, as long as the throughput curve can cover the range from [95% or 90%] TP to 70%TP. 
Observation 3: The started DL power is always set as a proper value lower than PRS-EPRE-MAX for each test, as long as the throughput curve can cover the range from [95% or 90%] TP to 70%TP. 

2.2  FoM for FR1 
In the last RAN4 meeting, initial agreements on Figure of Merit for FR1 MIMO OTA requirement has been made [1]:
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In table below, the performance metrics in each SDO on LTE MIMO OTA is summarized.
Table 1: Comparison of criterion on azimuthal orientations
	Parameter 
	3GPP LTE 
	CTIA LTE 
	CCSA LTE
	3GPP NR FR1

	Environmental Condition 
	UE Noise-Limited (RS-EPRE) 
	Interference-Limited (SIR)
	UE Noise-Limited 
(RS-EPRE)
	UE Noise-Limited 

	KPI
	TRMS
	MARSS
	TRMS 
	TRMS

	Average Method
	PMODE: Inverse Linear Average 
	PMODE: Linear Average
	PMODE: Inverse Linear Average
	PMODE: Inverse Linear Average 

	
	SMODE: Inverse Linear Average
	SMODE: no Average
	SMODE: Linear Average
	SMODE: Inverse Linear Average

	FoMs
	95%/70%
	95%/90%/70%
	90%/70%
	70%

	Azimuthal Orientations
	70% TP: 11 of 12;

95% TP: 10 of 12;
	70% TP: all 12;

90% TP: 11 of 12;

95% TP: 10 of 12;
	70% TP: all 12;

90% TP: 11 of 12;


	70% TP: 11 of 12; (10MHz)
Other: TBD




It is obvious that the criterion on azimuthal orientations of LTE MIMO OTA is different in different SDOs, the criterion on 70%TP in 3GPP LTE is a bit relaxed compare with CCSA and CTIA. However, the situation changes for NR, given 4x4 is required for FR1, then passing possibility of 11 of 12 azimuthal orientations becomes more difficult, thus, keeping the agreed “11 of total 12 PMODE should reach 70%TP” to FR1 is a reasonable approach, but not a relaxed requirement.
Proposal 3: Adopt the same requirement on restriction of PMODE for 10MHz and 40MHz, i.e. for 40MHz CHBW, the 11 of total 12 PMODE should reach 70%TP. 

Regarding the additional test metric at 90%TP or 95%TP, it seems reasonable to align with 3GPP LTE MIMO OTA to reuse the agreement that at 95%TP 10 of 12 azimuthal orientations should pass. However, the throughput at 95%TP is not very stable for some UE learned from previous large scale of 3GPP LTE MIMO OTA harmonization test campaign, which means the test repeatability of 95%TP is not so good, thus select 90%TP as the outage is better. 

Therefore, we believe adopting the criterion of 10 of total 12 PMODE should reach 90%TP is a suitable requirement for FR1 MIMO OTA. 
Proposal 4: Adopting the restriction of PMODE for 10MHz and 40MHz that the 10 of total 12 PMODE should reach 90%TP. 

Given this restriction is very important, which is highly related to the test procedure of setting the starting DL power and the resulting coverage of throughput curve at each azimuthal orientation (70% to 90%, or 70% to 95%).  It would be better to make the decision at an early time to provide guidance for next step’s lab alignment and performance requirement definition activities.
But, this is a hard restriction for UE to pass or fail MIMO OTA requirement, until now, what percentage of FR1 UEs can pass this criterion is not clear, so the group should further study on whether the agreements at 90%TP is reasonable, based on real measurement results.

Proposal 5: RAN4 should further study the rationality of restriction of PMODE at 90%TP based on real measurement results. 

3 Conclusion

In this paper, we share our proposals on testing parameters for NR MIMO OTA requirement. 
Observation 1: For band frequency >3GHz, the required higher DL power of 4x4 and achievable lower power is a big contradictory issue. 

Observation 2: if PRS-EPRE-MAX  is not defined properly, then there would be a risk that the UE will not be able to reach high throughput level (i.e. need high DL power), which would result in bad TRMS performance or failing the criterion in azimuthal orientations. 

Observation 3: The started DL power is always set as a proper value lower than PRS-EPRE-MAX for each test, as long as the throughput curve can cover the range from [95% or 90%] TP to 70%TP. 

Proposal 1: For band frequency <3GHz, the maximum downlink RS-ERPE in the centre of the test zone should be -83 dBm/30kHz for 40MHz. 

Proposal 2: RAN4 should carefully define the maximum downlink RS-ERPE for bands above 3GHz, more analysis and measurement results would be helpful. 

Proposal 3: Adopt the same requirement on restriction of PMODE for 10MHz and 40MHz, i.e. for 40MHz CHBW, the 11 of total 12 PMODE should reach 70%TP. 

Proposal 4: Adopting the restriction of PMODE for 10MHz and 40MHz that the 10 of total 12 PMODE should reach 90%TP. 

Proposal 5: RAN4 should further study the rationality of restriction of PMODE at 90%TP based on real measurement results. 
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For band frequency <3GHz, the maximum downlink RS-ERPE should be -80dBm/15kHz for 10MHz gNB setting:


Further study the maximum downlink RS-EPRE for frequency band >3GHz


Further study the maximum downlink RS-EPRE for 40MHz bandwidth for the above frequency bands





For FR1 MIMO OTA performance requirements:


For 10MHz CHBW testing, the 11 of total 12 PMODE should reach 70%TP. 


For 40MHz CHBW testing, the restriction of PMODE at 70%TP is FFS.


Group agreed to further check additional test metric with below options:


Option 1：TP@90% can pass 10 of total 12 rotations


Option 2：TP@95% can pass 10 of total 12 rotations








