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1 Background
At the beginning of this work item, FR1 environmental condition was intensively discussed. The pros and cons of UE noise-limited condition and SIR based condition were fully compared. 
Debates keep ongoing until RAN4#92 meeting. Though continued discussion is allowed until Nov RAN4 meeting in the WF [1], tentative agreement was recorded in the ad-hoc meeting notes [2], i.e., UE noise-limited environmental condition as baseline:
Agreements: 
Select UE noise-limited environmental condition as the baseline for FR1 NR MIMO OTA testing. 
Apple share concerns on this agreements.

In RAN4#92bis meeting, it is agreed to make final decision on FR1 environmental decision on this meeting, as captured in the WF [3]:
The Environmental condition for FR1:
· Companies provide analysis results or measurement results next meeting to make the final decision.

In this paper, the pros and cons of the two environmental conditions based on companies’ previous studies are summarized, and SNR range issue is further analyzed and emphasized.
Discussion
Summary of two environmental conditions’ comparison
Adequate discussions on the pros and cons of the two environmental conditions have been done in previous meetings. A good comparison table is summarized in [4] and reproduced as below table 2.1-1:
Table 2.1-1 summary of environmental conditions comparison (from [4])
	Parameters for consideration
	UE noise-limited 
(varied DL signal)
	SIR-based (fixed DL signal, varied AWGN)

	DL signal level
	Low 
	High (typically 40dB higher than REFSENSE at test zone)

	Artificial Noise in the chamber
	No (ideally, only UE noise floor )
	Yes (high, ~10dB higher than UE noise-floor )

	Antenna gain impacts
	High
	Low

	Antenna gain imbalance impacts
	Not confirmed
	Not confirmed

	Antenna correlation impacts
	High
	High

	UE Self-interference impacts
	High
	Low

	Close to UE conducted demodulation test?
	No 
	Yes

	MIMO Network scenario
	Edge of a cell’s coverage (typically TM2 scenario)
	High SNR with interference, closer to actual networks

	Performance difference of different devices
	High (typically in ~10dB, similar trend to TIS )
	Low (typically in ~3dB)

	Performance difference of low and high bands
	High (typically ~4dB, similar trend to TIS)
	No significant trends (typically in ~1dB)

	Test System implementation complexity
	Difficult to guarantee minimum noise (i.e. pure UE noise-limited) condition for different bands 
	Need to generate high DL power near maximum linear output of the system



According to above comparison table, we can see that SIR based method has the advantage of more matching with actual network scenario, however, its disadvantage is also serious, i.e., it can not distinguish good UE and bad UE, typically the performance difference of different devices is within 3dB, and some practical test shows UE performance difference within 2dB in [5]. If a test case can not distinguish good device and bad device, then the test seems not so meaningful.
Though UE noise-limited condition has the disadvantage of cell edge scenario, it is not so serious because it still can reflect its performance potentiality in other network scenarios indirectly. UE noise-limited conditions can verify more UE performance factors including antenna gain, antenna correlation, UE noise, etc. 
[bookmark: _Ref1149432]Observation 1:	SIR based condition has scenario advantage but its disadvantage of not distinguishing good UE and bad UE is also serious. UE noise-limited condition is more balanced and can verify more UE performance factors.
Further analysis of high DL power issue of SIR based condition
As highlighted in Table 2.1-1, high DL signal power is another disadvantage of SIR based condition. It may not be an issue for LTE but may be an issue for NR. In the following we make further analysis on this point.
According to Table 2.4.2-1 and Table 2.4.2-2 of CTIA MIMO test plan, the signal level at test volume shall be no less than REFSENS plus 40dB. Taking LTE B41 and NR n79 as examples, LTE B41 REFSENS=-92dBm, NR n79 REFSENS=-85.6dBm, after plus 40dB, we get the signal level at test volume will be at least: -52dBm for LTE B41 and -45.6dBm for NR n79. 
As agreed in last meeting, the minimum test distance is d=1.2m. So the air loss from test volume to TE probe antennas can be calculated by the equation

We can get AirLoss is 42.6dB for LTE B41and 48dB for NR n79.
Take the cable loss, TE antenna gain into account, assume it is 5dB loss in total. The necessary output power of TE’s PA shall be (-52+42.6+5)=-4.4dBm for LTE B41 and (-45.6+48+5)=7.4dBm for NR n79.
Considering NR frequency range is up to 7.125GHz, and the test distance can be longer than 1.2m, the necessary output power of TE’s PA under different frequency and different test distance is calculated as shown in Table 2.2-1. 
Table 2.2-1 necessary output power of TE’s PA to guarantee SNR range for SIR based condition
	
	LTE B41
	NR n79
	NR 7.125GHz

	REFSENS
	-92
	-85.6
	~-85.6

	Signal level at test zone
	-52
	-45.6
	~-45.6

	Measurement distance (d)
	d=1.2m
	d=2m
	d=3m
	d=1.2m
	d=2m
	d=3m
	d=1.2m
	d=2m
	d=3m

	AirLoss
	42.6
	47
	50.6
	48
	52.4
	56
	51.1
	55.5
	59

	Cable loss – TE antenna gain 
	5
	5
	5
	5
	5
	5
	5
	5
	5

	TE PA output power
	-4.4
	0
	3.6
	7.4
	11.8
	15.4
	~10.5
	~14.9
	~18.4



For LTE B41, it can be seen that TE’s PA output power around 0dBm is enough to achieve necessary SNR range for SIR based condition. For NR n79 or higher frequency, TE’s PA need to transmit higher than 10dBm power even near to 20dBm power to achieve necessary SNR at test zone, which is near PA’s linear point or out of PA’s linear range.
Considering FR1 also needs to cover 4x4 DL MIMO test, the high DL signal level issue deteriorates further. 
Observation 2:	For NR MIMO OTA, the high DL signal level issue for SIR based environmental condition deteriorates due to wider BW, higher frequency, higher MIMO rank compared with LTE. It may affect the SNR range and will be a limitation for test system.
Some company also proposes to apply different environmental condition for different bands [6]. However, in previous meetings there are already agreements that finally only one environmental condition will be selected. So we have to select a better one in this meeting. 
Based on above analysis, we make the following proposals
Proposal 1:	apply only one environmental condition for NR FR1 MIMO OTA
Proposal 2:	UE noise-limited environmental condition is more favorable since it is more balanced, no serious issue and more extendable.
Conclusion
Observation 1:	SIR based condition has scenario advantage but its disadvantage of not distinguishing good UE and bad UE is also serious. UE noise-limited condition is more balanced and can verify more UE performance factors.
Observation 2:	For NR MIMO OTA, the high DL signal level issue for SIR based environmental condition deteriorates due to wider BW, higher frequency, higher MIMO rank compared with LTE. It may affect the SNR range and will be a limitation for test system.
Proposal 1:	apply only one environmental condition for NR FR1 MIMO OTA
[bookmark: _GoBack]Proposal 2:	UE noise-limited environmental condition is more favorable since it is more balanced, no serious issue and more extendable.
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