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Introduction
During RAN#79, the measurement uncertainties for AAS BS OTA test methodologies were discussed. Uncertainty contributors and their values were agreed for all the OTA test methodologies for AAS BS. Additionally, way forward on the measurement equipment uncertainties was agreed in R4-164720 [1].
In this contribution, discussion on the derivation of the final expanded uncertainty values for all Rel-13 AAS BS OTA test is proposed, covering also TT values derivation. 
Discussion
Referring to the TR 37.842 [2], the framework for developing test requirements related to OTA requirements was captured in section 10.1.1, which is referred below (i.e. 11 bullets in Italics) with additional comments related to the Test Tolerances values derivation:
1. Multiple test methods may exist for each requirement.
In line with bullet 1, during Rel-13 AAS BS work, four OTA test methodologies were identified and documented for the EIRP and EIS test. It shall be noted, that the identified test methodologies have certain limitations, which were captured in [2].
1. Each test method will require its own test procedure.
As indicated in Figure 1 below, each of the four test methodologies has its own test procedure, separately for each of the core requirements.
1. A single conformance requirement applies for each core requirement, regardless of test procedure.
Conformance requirement is based on the core requirement, being extended by the Test Tolerance, which considers the test system measurement uncertainties. Bullet 3 has consequence for the Test Tolerance derivation: single conformance requirement forces definition of single TT value, i.e. single TT for EIRP requirement, and single TT value for EIS requirement. 
1. Common maximum accepted test system uncertainty applies for all test methods addressing the same test requirement. Test methods producing significantly worse uncertainty than others at comparable cost shall not impact the common maximum accepted test system uncertainty assessment.
Single, common maximum uncertainty shall be derived, based on test system specific inputs. 
Based on the results captured in Table 1 and Table 2 (once all new and updated results are collected), we shall be able to judge, whether any of the Rel-13 AAS BS test methodologies shall be excluded from the process of maximum accepted test system uncertainty derivation. 
1. Common test tolerances apply for all test methods addressing the same test requirement.
According to the bullet 5, it was agreed that common TT will apply for all defined OTA test methods addressing the same test requirement, i.e. RAN4 has to define single, common TT, separately for EIRP test and for EIS test. Furthermore, the consequence of the measurement uncertainties specification per frequency range, is that the conformance requirements will require specification per frequency range. 
1. A common way of establishing the uncertainty result from all test methods’ individual budgets is established.
TR 37.842 [2], section 10.1.2 captures the “Uncertainty budget calculation principle”, which is applicable for all test methods. The Excel sheet attached to this contribution is capturing individual uncertainty contributors for all four test methodologies, for both OTA requirements, was created to reflect the above mentioned principles. 
1. A common method of making an uncertainty budget (not a common uncertainty budget) is established.
Uncertainty budgets for all test methodologies were composed of two stage approach, consideration uncertainty contributors from the calibration stage, and from DUT measurement stage. Common uncertainties for the test measurement equipment were agreed in [1]. However, individual uncertainty contributors were test methodology specific. 
1. Establish budget format examples for each addressed test method in the form of lists of uncertainty contributions. Contributions that may be negligible with some DUT and substantial with others must be in this list. For each combination of measurement method and test parameter (EIRP or EIS) develop a list with measurement uncertainties.
Test method specific budget formats were captured in TR 37.842 [2], for EIRP and EIS tests. Calculations were covered in the attached Excel sheet. 
1. Describe potential OTA test methods relevant for testing radiated transmit power and OTA sensitivity. The description requires information about the test range architecture and test procedure. Addressing each item in each uncertainty budget with respect to the expected distribution of the errors, the mechanism creating the error and how it interacts with properties of the DUT. 
Information about all proposed test system architectures and test procedures was captured in the TR 36.842 [2]. Individual uncertainty contributors for three OTA test methods for Rel-13 AAS BS were described in TR 36.842 annex B (for EIRP) and annex C (for EIS) for Indoor Anechoic chamber, CATR, and Near Field test range. Information for the 1D range is expected to be provided by the proponents, to complete the existing set.
1. Providing example uncertainty budgets in the TS will be useful in order to demonstrate the way a budget should be defined and how calculating its resulting measurement uncertainty is done, but the figures used in the examples will clearly be only examples and not applicable in general.
AAS BS TR captures quantitative uncertainty budgets tables. The values captured were aligned among the proposing companies, in order to represent realistic and achievable uncertainties, i.e. not example values. Additionally, in order to verify calculation of the total uncertainty values, the attached Excel sheet can be used.  
1. Each test instance may require an individual uncertainty budget applicable for the combination of the test facility, the DUT and the test procedure and property tested. Here, the tester demonstrates that the uncertainty requirement is fulfilled during the conformance testing.
For the conformance test, only the total Test Tolerance value will be applicable. Individual uncertainty contributors will not be further evaluated during AAS BS radiated conformance testing. 
Based on the figure 10.1.1-2 from TR 37.842 [2], the updated linking of TS 37.105 [3] core requirements via test methods to the radiated conformance requirements (to be captured in TS 37.145-2 [4]) is depicted in figure below: 
[image: ]
Figure 1: AAS BS Rel-13 radiated requirement mapping to the test requirements 
Proposal 1: It is proposed to update the AAS BS Rel-13 radiated requirement mapping to the test requirements with the Figure 1, as TP to the TR 37.842 [2]. 
Derivation of the MU and TT values 
An Excel sheet is attached to this contribution, capturing measurement uncertainty values. Based on the input values, the expanded uncertainty (i.e. 1.96σ – confidence interval of 95%) values are derived for two frequency ranges (i.e. f ≦ 3GHz and 3GHz ≦ f < 4.2GHz). Total measurement uncertainty values are collected for each of the Rel-13 OTA tests (i.e. EIRP and EIS) for all four defined test methodologies, and final Test Tolerances values are proposed to be derived based on those input values. 
At the time of creation of this contribution, only selected input values were available. Therefore, complete analysis of the TT values was not possible. It is expected, that all missing values for the measurement uncertainties for all methodologies and both OTA tests will be provided by respective companies during RAN4#80. In case of missing inputs, the TT values will be concluded based on the available inputs, using methodology provided in the attached Excel sheet.
NOTE: the numerical analysis in the attached Excel will be updated upon availability of additional, or updated input values. 
1.1.1 Derivation of the MU values for EIRP test
According to the bullet 4 in section 2, the common maximum accepted test system uncertainty values for the EIRP test can be derived from Table 1, for each of the defined frequency ranges. The common maximum values are applicable for all test methods addressing EIRP test requirement. 
NOTE: current values of the TT are based on the results for Indoor Anechoic chamber and Near Field test range. Results of the two remaining test methodologies shall be considered, once available. 
Table 1: Derivation of the common maximum accepted test system uncertainty values for the EIRP test
	 
	Expanded uncertainty (1.96σ - confidence interval of 95%) [dB]

	 
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz

	Indoor Anechoic Chamber
	0.88
	1.23

	Compact Antenna Test Range
	TBD
	TBD

	One Dimensional Compact Range Chamber
	TBD
	TBD

	Near Field Test Range
	0.83
	1.13

	Common maximum accepted test system uncertainty
	0.9
	1.2


1.1.2 Derivation of the MU values for EIS test
Similar to the EIRP discussion above, common maximum accepted test system uncertainty values derivation for EIS are captured in Table 2. According to the bullet 4 in section 2, the common maximum accepted test system uncertainty values for the EIS test can be derived from Table 2, for each of the defined frequency ranges. The common maximum values are applicable for all test methods addressing EIS test requirement. 
[bookmark: _GoBack]NOTE: values of the TT are based on the results for Indoor Anechoic chamber and Near Field test range. Results of the two remaining test methodologies shall be considered, once available.
Table 2: Derivation of the common maximum accepted test system uncertainty values for the EIS test
	 
	Expanded uncertainty (1.96σ - confidence interval of 95%) [dB]

	 
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz

	Indoor Anechoic Chamber
	1.24
	1.25

	Compact Antenna Test Range
	TBD
	TBD

	One Dimensional Compact Range Chamber
	TBD
	TBD

	Near Field Test Range
	1.20
	1.20

	Common maximum accepted test system uncertainty
	1.2
	1.3


1.1.3 Criteria for the TT methodology selection
Referring to the bullet #5 in section 2, it was agreed that common TT will apply for all defined OTA test methods addressing the same test requirement, i.e. RAN4 has to define separate TT for EIRP test and for EIS test. Furthermore, the consequence of the measurement uncertainties specification per frequency range, is that the conformance requirements might require specification per frequency range. 
As it was already discussed offline during RAN4#79, methodology for the TT values derivation shall be agreed. Due to four different test methodologies being selected and documented for Rel-13 AAS BS OTA testing, it is required to define how the final, single value of the Test Tolerance for each of the radiated core requirements will be derived. According to the discussion in sections 2.1.1 and 2.1.2, it is suggested to adopt the common maximum accepted test system uncertainty values, as the final TT values. 
Alternatively, other selection criteria for the TT values might be pursued. Table 3 and Table 4 captures three basic approaches to derive the final TT values (i.e. minimum criteria, averaging criteria, and maximum criteria). It shall be noted, that the resulting EIRP test TT values are the same for all three considered criteria (i.e. based on the results for Indoor Anechoic Chamber, and for Near Field Test Range).  
Table 3: Derivation of the TT values for the EIRP test
	 
	Expanded uncertainty (1.96σ - confidence interval of 95%) [dB]

	 
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz

	Indoor Anechoic Chamber
	0.88
	1.23

	Compact Antenna Test Range
	TBD
	TBD

	One Dimensional Compact Range Chamber
	TBD
	TBD

	Near Field Test Range
	0.88
	1.17

	
	
	

	TT: min [dB]
	0.9
	1.2

	TT: aver [dB]
	0.9
	1.2

	TT: max [dB]
	0.9
	1.2



NOTE: values captured in Table 3 are directly taken from the Excel sheet attached to this contribution. Any updates to the above values are recommended also to be based on the updated Excel sheet inputs. 
Similar to the EIRP analysis, it shall be noted, that the resulting EIS test TT values does not differ significantly for all three considered criteria (i.e. based on the results for Indoor Anechoic Chamber, and for Near Field Test Range).  
Table 4: Derivation of the TT values for the EIS test
	 
	Expanded uncertainty (1.96σ - confidence interval of 95%) [dB]

	 
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz

	Indoor Anechoic Chamber
	1.24
	1.25

	Compact Antenna Test Range
	TBD
	TBD

	One Dimensional Compact Range Chamber
	TBD
	TBD

	Near Field Test Range
	1.24
	1.24

	
	
	

	TT: min [dB]
	1.2
	1.2

	TT: aver [dB]
	1.2
	1.2

	TT: max [dB]
	1.2
	1.3



NOTE: values captured in Table 4 are directly taken from the Excel sheet attached to this contribution. Any updates to the above values are recommended also to be based on the updated Excel sheet inputs. 
It shall be kept in mind, that test methods producing significantly worse test system uncertainty assessment values than other methodologies, might not be considered for the final TT values selection.
Proposal 2: it is proposed to follow the previous agreements captured in TR 37.842 [2], and to select the TT values as the maximum out of the expanded uncertainties of the considered test systems. 
Proposal 3: It is proposed to conclude on the final TT values, once results submitted to RAN4#80 will be considered. In case of no further results received, the Rel-13 conclusion on the radiated tests TT values will be concluded considering available results as captured above. 
Conclusion
Based on the discussion above, it is proposed to conclude on the Test Tolerances values for Rel-13 AAS BS. The final conclusion shall capture: 
· Any additional, or updated results for the measurement uncertainties, including test equipment uncertainties
The following is proposed: 
Proposal 1: It is proposed to update the AAS BS Rel-13 radiated requirement mapping to the test requirements with the Figure 1, as TP to the TR 37.842 [2]. 
Proposal 2: it is proposed to follow the previous agreements captured in TR 37.842 [2], and to select the TT values as the maximum out of the expanded uncertainties of the considered test systems. 
Proposal 3: It is proposed to conclude on the final TT values, once results submitted to RAN4#80 will be considered. In case of no further results received, the Rel-13 conclusion on the radiated tests TT values will be concluded considering available results as captured above.
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