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Referring to the TR 38.810 [1], the baseline measurement setup of UE RF characteristics for f > 6 GHz was considered as far‑field measurement system in an anechoic chamber, capable of centre and off centre of beam measurements. Moreover, methods to the reduce measurement distance in the far field test ranges were considered.
Furthermore, during last RAN4#83 meeting Way Forward on NR MU and test tolerance was approved in [3]. 
In this contribution we are proposing to extend the OTA test methods equivalence criteria by consideration of the framework defined in the AAS BS TR 37.842 [2], where multiple OTA test methods were considered. Additionally, we are discussing on the approach to the common measurement uncertainty for the test equipment.
Discussion
Framework for multiple OTA test methods
Referring to the TR 38.810 [1], the baseline measurement setup of UE RF characteristics for f > 6 GHz was considered as far-field measurement system in an anechoic chamber, capable of centre and off centre of beam measurements. Moreover, methods to the reduce measurement distance in the far field test ranges were referred from the AAS BS TR 37.842 [2], i.e.
· Compact Antenna Test Range, 
· 1 Dimensional Compact Range,
· Near Field Test Range.
These methods may be used for NR UE testing provided they meet the equivalence criteria relative to the baseline measurement setup. Other test methods are not precluded.
In TR 38.810 section 4.4, the framework for developing OTA test was captured under the Equivalence criteria, outlining principles for derivation of the test requirements in case of multiple test ranges and test procedure available. The framework is extracted below for reference. It shall be noted, that similar approach was captured in TR 37.842 for AAS BS. 

	[bookmark: _Toc481565603]TR 38.810: 4.4	Equivalence criteria
The following 11 points have been agreed as a framework for developing OTA test to prove equivalence. 
1)	Multiple test methods may exist for each requirement
2)	Each test method will require its own test procedure.
3)	A single conformance requirement applies for each core requirement, regardless of test procedure.
4)	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 should not impact the common maximum accepted test system uncertainty assessment.
5)	Common test tolerances apply for all test methods addressing the same test requirement.
6)	A common way of establishing the uncertainty result from all test methods' individual budgets is established.
7)	A common method of making an uncertainty budget (not a common uncertainty budget) is established.
8)	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 should be in this list. For each combination of measurement method and test parameter (EIRP or EIS) develop a list with measurement uncertainties.
9)	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. 
10)	 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.
11)	 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.



Based on the above it can be observed, that in case of the baseline measurement setup and potential test setup optimizations (e.g. near-field approximation) the resulting measurement procedure, uncertainty contributors and the overall MU budget will differ, potentially leading to different test requirements. 
Observation 1: In case of the baseline OTA measurement setup and potential test setup optimizations (e.g. near-field approximation) the resulting measurement procedure, uncertainty contributors and the overall MU budget will differ.
Therefore, in order to address various OTA test ranges, which require different test procedures, and which result in different test system uncertainties, it is proposed to refer to the framework derived in the AAS BS WI and adopted for the NR frequency bands, as depicted on Figure 1. It presents linkage of core requirements via test methods to conformance requirements.
Considering various NR UE requirements which can be classified as Tx/Rx requirements, measured in TRP or directional EIRP test setups, the test procedure will differ among those requirement classes, which is expected to be further complicated by the varying test procedures among different test ranges (i.e. the baseline vs. its optimisation techniques). Referring to the equivalence criteria, the requirement specific common test tolerance will have to be derived as single value, irrespective of the number of OTA test ranges and their specific test system MUs. 
NOTE: it should be possible to generalize the above description also for the NR BS testing. However, it is out of scope of the NR testability SI.
[image: ]
Figure 1: OTA requirement to test mapping
Proposal 1: Based on the possibility of using multiple OTA test methods (beyond the baseline test setup) for the NR testability, it is proposed to extend the equivalence criteria description in the TR 38.810 with the framework depicted on Figure 1.
Common measurement uncertainties for test equipment 
During last RAN4#83 meeting Way Forward on NR MU and test tolerance was approved in [3], capturing agreements on the measurement uncertainty budget calculation principle, as extracted below: 
	Uncertainty budget calculation principle:
· Two stage for MU table:
· Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain is known at the frequencies of measurement
· Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.
· The MU budget should comprise of a minimum 5 headings:
· The uncertainty source,
· Uncertainty value,
· Distribution of the probability,
· Divisor based on distribution shape,
· calculated standard uncertainty (based on uncertainty value and divisor).



Furthermore, the necessary MU elements for Tx measurement uncertainty budget were also listed in the WF. 
Considering the baseline measurement setup, as well as its optimization techniques as listed in the TR 38.810 [1] (e.g. Compact Antenna Test Range, Near Field Test Range), it is proposed to refer to the AAS BS TR 37.842 [2], where also multiple OTA test methods were considered for the EIRP and EIS measurements OTA. In particular, it is proposed to apply common set of the measurement uncertainties for the test equipment, which then could be used across multiple MU budgets calculations for multiple test ranges. 
Proposal 2: Apply common set of the measurement uncertainties for the test equipment, which then could be used across multiple MU budgets calculations for multiple test ranges.
For reference, the approach from the AAS TR 37.842 [2] is extracted below:  
	[bookmark: _Toc478460663]TR 37.842: Annex E:
Test equipment uncertainty values
The following uncertainty distribution and standard uncertainty (σ) values proposed by test vendors are adopted for the RF power measurement equipment, RF signal generator, and network analyzer in all EIRP and EIS test methods for AAS BS to calculate the uncertainty budget.
Standard uncertainty values captured in this annex are based on Way Forward agreements in R4-164720.
Table E-1: Test equipment uncertainty values
	Instrument
	Use case
	Measurement Uncertainty type
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	
	f ≦ 3 GHz
	3 GHz < f ≦ 4.2 GHz
	

	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	EIRP measurement stage
	Total amplitude accuracy 
(with input levels down to ‑70 dBm)
	0.14
	0.26
	Gaussian

	RF signal generator
	EIS measurement stage
	Level error 
	0.46
	0.46
	Gaussian

	Network analyzer
	Calibration stage
	Accuracy of transmission measurements 
	0.13
	0.20
	Gaussian

	NOTE:	Standard uncertainty values were derived from datasheets of mid-tier to high-end RF signal generators, spectrum analyzers, and VNAs. Standard uncertainty values of power measurement equipment were derived from datasheet of spectrum analyzers.



The following uncertainty distribution and standard uncertainty (σ) value for the reference antenna derived as the maximum of companies' proposals are adopted in all test methods to calculate the uncertainty budget.
Table E-2: Reference antenna uncertainty value
	Instrument
	Use case
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	f ≦ 3GHz
	3GHz < f ≦ 4.2 GHz
	

	Reference antenna
	Calibration stage
	0.29
	0.25
	Rectangular






Based on the above specification of the test equipment uncertainty values, it can be observed that they were defined for two frequency ranges below 6 GHz. In case of NR Range 2, it shall be further discussed how the uncertainty values shall be defined across the mmW frequency range for NR, e.g. per NR band, per 20-, 30-, 40 GHz range, etc. This selection will impact the shape of the conformance testing requirements as well. 
Proposal 3: Discussion and inputs on the measurement uncertainty values across the mmW frequency Range 2 for NR is required.
Summary
Based on the discussion above, the following observations and proposals were made: 
Observation 1: In case of the baseline OTA measurement setup and potential test setup optimizations (e.g. near-field approximation) the resulting measurement procedure, uncertainty contributors and the overall MU budget will differ.
Proposal 1: Based on the possibility of using multiple OTA test methods (beyond the baseline test setup) for the NR testability, it is proposed to extend the equivalence criteria description in the TR 38.810 with the framework depicted on Figure 1.
Proposal 2: Apply common set of the measurement uncertainties for the test equipment, which then could be used across multiple MU budgets calculations for multiple test ranges.
Proposal 3: Discussion and inputs on the measurement uncertainty values across the mmW frequency Range 2 for NR is required.
Based on this discussion, TP to TR 38.810 is proposed in separate contribution in [4].
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