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1. Introduction
This contribution presents a discussion for measurement uncertainty calculation of OTA Adjacent channel selectivity in sub-clause 4.1.2.3 of TS 37.145-2[3] and we would like to encourage feedback from other companies on this topic.


2. Discussion

2.1 The ACS measurement uncertainty in conducted test
The maximum receiver test system uncertainty for conducted ACS measurement in FR1 is defined in Table 4.1.2-2 of TS 36.141[6], which is calculated by a formula below:
	Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect           (2-1)
Where wanted_level_error is equal to the conducted reference sensitivity level error defined in the same table, interferer_level_error is also equal to the conducted reference sensitivity level error, and ACLR effect is set to 0.4dB for f <6GHz. 
      The results calculated from this formula are as showed in Table 2.1.
Table 2.1: Maximum Test System Uncertainty for conducted receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6.0GHz
	

	Conducted Reference sensitivity level error 1.96σ
	±0.7 dB
	±1.0 dB
	±1.5 dB
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±0.7 dB
	±1.0 dB
	±1.5 dB
	Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect

	
	interferer_level_error 1.96σ
	±0.7 dB
	±1.0 dB
	±1.5 dB
	

	
	ACLR effect  1.96σ
	0.4dB
	

	
	Test System uncertainty 1.96σ
	1.4 dB
	1.8 dB
	2.5 dB
	



2.2 Proposal methods of ACS measurement uncertainty in OTA test
The OTA reference sensitivity in FR1 is calculated in subclause 10.3.2 of TR 37.842[2] and added in Table 4.1.2.3-1 of TS 37.145-2[3]. The results for SAC and CATR are showed in Table 2.2 below:
Table 2.2  Test system specific measurement uncertainty values for the EIS test
	Frequency range
	f ≦ 3GHz
	3GHz < f ≦ 4.2 GHz

	Indoor Anechoic Chamber
	Standard uncertainty 1σ
	0.62 dB
	0.64 dB

	
	Expanded uncertainty 1.96σ
	1.22 dB
	1.25 dB

	Compact Antenna Test Range
	Standard uncertainty 1σ
	0.68 dB
	0.71 dB

	
	Expanded uncertainty 1.96σ
	1.33 dB
	1.40 dB

	Common maximum accepted test system uncertainty 1.96σ
	1.3 dB
	1.4 dB

	OTA sensitivity 1.96σ
	±1.3 dB
	±1.4 dB


Then the OTA ACS measurement uncertainty can be derived from following different way.
· Method 1: The most direct way is using OTA Sensitivity measurement uncertainty value and formula (2-1) as what we did for conducted test. The results are showed in Table 2.3-1 below:
Table 2.3-1 Maximum Test System Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	OTA Reference sensitivity level error 1.96σ
	±1.3 dB
	±1.4 dB
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±1.3 dB
	±1.4 dB
	Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect

	
	interferer_level_error 1.96σ
	±1.3 dB
	±1.4 dB
	

	
	ACLR effect  1.96σ
	0.4dB
	

	
	Test System uncertainty 1.96σ
	±2.2 dB
	±2.4 dB
	


· Method 2 (from Huawei [7]): This way is using conducted sensitivity reference value and a modified formula (2-2).
The new calculation formula is:
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2 + OTA_chamber_error2)] + ACLR effect     (2-2）
Where the values of wanted_level_error, interferer_level_error and ACLR effect are the same as Table 2.1, the OTA_chamber_error is calculated by the OTA EIS uncertainty budget excluding contributions of RF generator.
The results of this method are showed in Table 2.3-2.
Table 2.3-2 Maximum Test System Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	Conducted Reference sensitivity level error  1.96σ
	±0.7 dB
	±1.0 dB
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±0.7 dB
	±1.0 dB
	Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2 + OTA_chamber_error2)] + ACLR effect

	
	interferer_level_error 1.96σ
	±0.7 dB
	±1.0 dB
	

	
	OTA_chamber_error 1.96σ
	±0.98 dB
	±1.06 dB
	

	
	ACLR effect 1.96σ
	0.4dB
	

	
	Test System uncertainty 1.96σ
	±1.8 dB
	±2.2 dB
	


One obvious question for this method is why the wanted signal level and interfering signal level in OTA test are equal to conducted measurement uncertainties?
· Method 3 (from NTT DOCOMO[8]) : This way is firstly using OTA standard uncertainty and formula (2-1) calculate test system standard uncertainty, and secondly expand the standard uncertainty by 1.96. The results for SAC are showed in Table 2.3-3 below:
Table 2.3-3 Maximum Test System Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	Indoor Anechoic Chamber standard uncertainty 1σ
	±0.62 dB
	±0.64 dB
	

	ACS and narrow band blocking
	wanted_level_error 1σ
	±0.62 dB
	±0.64 dB
	Test System uncertainty = 1.96*{[SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect}

	
	interferer_level_error 1σ
	±0.62 dB
	±0.64 dB
	

	
	ACLR effect 1.96σ
	0.4dB
	

	
	Test System standard uncertainty 1σ
	±1.28 dB
	±1.31 dB
	

	
	Test System expanded uncertainty 1.96σ
	±2.5 dB
	±2.56 dB
	


	The question about this method is why the ACLR can be added with standard deviations while it is actually an expanded deviation? 
· Method 4:  It includes 3 steps:
1. Make different measurement uncertainty budgets for wanted signal level and interfering signal level according to OTA measurement procedure.
The wanted signal level is set up totally based on EIS, so it’s uncertainty can be the same as the uncertainty of OTA EIS, see table 2.2.
The interfering signal level is set to a relative value based on wanted signal. Since the calibration have been finished during the wanted signal set-up, so it’s uncertainty should be only affected by the test devices. According to the uncertainty budget tables for SAC and CATR in TR 37.842[2], the corresponding uncertainty budget for interfering signal is showed in table 2.4 and table 2.5 as follows:
Table 2.4 Indoor Anechoic Chamber uncertainty assessment for interfering signal measurement in ACS
	UID
	Uncertainty source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
f ≦ 3GHz
	Standard uncertainty ui  [dB]
3GHz < f ≦ 4.2 GHz

	7
	Uncertainty of the RF signal generator
	0.46
	0.46
	Gaussian
	1.00
	1
	0.46
	0.46

	8
	Impedance mismatch in the transmitting chain
	0.14
	0.23
	U-shaped
	1.41
	1
	0.10
	0.16

	Combined standard uncertainty (1σ) [dB]


	0.47
	0.49

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]


	0.92
	0.95


Table 2.5 CATR uncertainty assessment for interfering signal measurement in ACS
	UID
	Uncertainty source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
f ≦ 3GHz
	Standard uncertainty ui  [dB]
3GHz < f ≦ 4.2 GHz

	3
	Uncertainty of the RF signal generator
	0.46
	0.46
	Gaussian
	1.00
	1
	0.46
	0.46

	2
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]


	0.48
	0.48

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]


	0.95
	0.95


2. Estimate ACLR effect according to degradation assumption.
For now, we can take 0.4dB as an acceptable value for ACLR effect in FR1 OTA test.
3. Combine all uncertainty by RSS method.
Option 1: use formula (2-1) as TS 36.141.
Option 2: the standard way to combine all contributions by RSS method, no matter systematic error or random error, so we can get formula (2-3)
Test System uncertainty = SQRT (wanted_level_error2 + interferer_level_error2+ ACLR effect2)           (2-3)
And the results of two options are showed in table 2.6 and table 2.7 as follows:
Table 2.6 Indoor Anechoic Chamber Measurement Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	Indoor Anechoic Chamber EIS uncertainty level 1.96σ
	±1.22 dB
	±1.25 dB
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±1.22 dB
	±1.25 dB
	


	
	interferer_level_error 1.96σ
	±0.92 dB
	±0.95 dB
	

	
	ACLR effect  1.96σ
	0.4 dB
	

	Option 1
	Test System uncertainty 1.96σ
	±1.93 dB
	±1.97 dB
	Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect

	Option 2
	Test System uncertainty 1.96σ
	±1.58 dB
	±1.62 dB
	Test System uncertainty = SQRT (wanted_level_error2 + interferer_level_error2+ ACLR effect2)


Table 2.7 CATR Measurement Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	CATR EIS uncertainty level 1.96σ
	±1.33 dB
	±1.4 dB
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±1.33 dB
	±1.4 dB
	


	
	interferer_level_error 1.96σ
	±0.95 dB
	±0.95 dB
	

	
	ACLR effect  1.96σ
	0.4 dB
	

	Option 1
	Test System uncertainty 1.96σ
	±2.03 dB
	±2.09 dB
	Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect

	Option 2
	Test System uncertainty 1.96σ
	±1.68 dB
	±1.74dB
	Test System uncertainty = SQRT (wanted_level_error2 + interferer_level_error2+ ACLR effect2)


· Method 5: Referenced to paper [9], we consider the uncertainty contributions as four parts. The first one is caused by instruments; the second one is caused by mismatch; the third one is caused by chamber; and last one is ACLR effect. It includes 5 steps:
1. Here we define that wanted_level_error and interferer_level_error are caused by instruments. According to the measurement set-up for OTA ACS and NBB (see figure 2.1-1 and figure 2.1-2), two errors are generated by different generator, so they can be think as i.i.d.  The uncertainty contributions is the first row in Table 2.4 and Table 2.5, and then we multiply 1.96 with it to get expand uncertainty.

Figure 2.1-1: Measurement set up for OTA adjacent channel selectivity in
SAC (Shielded Anechoic Chamber)
                             
Figure 2.1-2: Measurement set up for OTA adjacent channel selectivity in
CATR (Compact Antenna Test Range)
2. The mismatch part we can take the second row in Table 2.4 and Table 2.5, and then multiply 1.96 with it to get expand uncertainty. 
3. Estimate ACLR effect according to degradation assumption. We can take 0.4dB as an acceptable value for ACLR effect in FR1 OTA test.      
4. Define OTA_chamber_error as the uncertainty level caused by chamber which includes uncertainty contributions defined in Table 10.3.2.1.1.4-1 and Table 10.3.2.1.2.4-1 in TS 37.842[2] excluding instruments contributions in step1. The results are listed in Table 2.8.
Table 2.8 OTA measurement chamber uncertainty level
	Frequency range
	f ≦ 3GHz
	3GHz < f ≦ 4.2 GHz

	SAC OTA_chamber_error 1.96σ
	±0.8 dB
	±0.804 dB

	CATR OTA_chamber_error 1.96σ
	±0.916 dB
	±1.01 dB


5. Combine the all uncertainty contributions by formula (2-4) below:
Test System uncertainty = SQRT (wanted_level_error2 +interfer_level_error2 + mismatch_error2 +OTA_Chamber_error2) +ACLR         (2-4)
	The results according to this method shows in Table 2.9 and Table 2.10
Table 2.9 Indoor Anechoic Chamber Measurement Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±0.902 dB
	±0.902 dB
	Test System uncertainty = SQRT (wanted_level_error2 +interfer_level_error2 + mismatch_error2 +OTA_Chamber_error2) +ACLR

	
	interferer_level_error 1.96σ
	±0.902 dB
	±0.902 dB
	

	
	Mismatch_error 1.96σ
	±0.196 dB
	±0.314 dB
	

	
	OTA_Chamber_error 1.96σ
	±0.8 dB
	±0.804 dB
	

	
	ACLR effect  1.96σ
	0.4 dB
	

	
	Test System uncertainty 1.96σ
	±1.92 dB
	±1.94 dB
	


Table 2.10 CATR Measurement Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±0.902 dB
	±0.902 dB
	Test System uncertainty = SQRT (wanted_level_error2 +interfer_level_error2 + mismatch_error2 +OTA_Chamber_error2) +ACLR

	
	interferer_level_error 1.96σ
	±0.902 dB
	±0.902 dB
	

	
	Mismatch_error 1.96σ
	±0.294 dB
	±0.294 dB
	

	
	OTA_Chamber_error 1.96σ
	±0.916 dB
	±1.01 dB
	

	
	ACLR effect  1.96σ
	0.4 dB
	

	
	Test System uncertainty 1.96σ
	±2 dB
	±2.05 dB
	



· Method 6: If interferer uncertainty is removed (due to that it is relative to the wanted signal) and still follow formula (2-1), then the Test System uncertainty will be list in Table 2.11 and Table 2.12 
Table 2.11 Indoor Anechoic Chamber Measurement Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±1.22 dB
	±1.25 dB
	
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect

	
	interferer_level_error 1.96σ
	±0 dB
	±0 dB
	

	
	ACLR effect  1.96σ
	0.4 dB
	

	
	Test System uncertainty 1.96σ
	±1.62 dB
	±1.65 dB
	


Table 2.12 CATR Measurement Uncertainty for OTA receiver tests
	Frequency range
	f ≤ 3.0GHz
	3.0GHz < f ≤ 4.2GHz
	

	ACS and narrow band blocking
	wanted_level_error 1.96σ
	±1.33 dB
	±1.4 dB
	
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + ACLR effect

	
	interferer_level_error 1.96σ
	±0 dB
	±0 dB
	

	
	ACLR effect  1.96σ
	0.4 dB
	

	
	Test System uncertainty 1.96σ
	±1.73 dB
	±1.8 dB
	


A concluding remark is on the ACLR factor; this may be treated as systematic; however it is related to the interferer level, which has an uncertainty associated with it. Due to the uncertainty of the interferer level, the ACLR level may be raised slightly; e.g. 1 additional interferer uncertainty could raise the ACLR impact to 0.5dB.


2. Conclusion
Before directly copying MU value or formula in conducted test to the OTA test, we should do some research to make sure it or find a more proper method according to the OTA test procedure. It’s very important because we will face a much more challenging situation when we talk about OTA test in FR2 or mm Wave.
Proposal 1: Go for Method 5 or Method 6, where the test system uncertainty is derived from analyzation and results of OTA test. Alternatively consider Method 1, where the test system uncertainty is derived from OTA and not conducted values.
[bookmark: _Hlk514065854][bookmark: _GoBack]Proposal 2: Check the OTA test procedure to ensure that the OTA test chamber contribution is fully correct and whether the combination method is appropriate.
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