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1. Introduction
At the last RAN4 meeting (RAN4#102-E) the work to extend the BS RF OTA conformance test specification TS 38.141-2 [1] up to 71 GHz started. Extending the frequency range will have direct impact on the OTA conformance test specification in terms of new test requirement limits applicable for FR2-2 as well as aspects related to test methodologies. The test methodology developed for NR needs to be looked over in detail to make sure that relevant and reasonable test requirements and test methods can be established for the frequency range 52.6 to 71.0 GHz for in-band requirements as well as for the frequency range 30 MHz to 142 GHz for out-of-band requirements (or 30 MHz to 2nd harmonic). 
At last meeting we provided some initial thoughts related to OTA testing to further consider [2] when the NR frequency range is extended to 71 GHz. As guidance for this meeting a way-forward [3] was agreed last meeting. In this contribution we go a bit deeper into details with respect to some specific topics required to progress the work. 

2. Discussion
The NR conformance test specification TS 38.141-2 described essential information such as test configurations, test requirements and test procedures required to conduct 3GPP conformance testing. In the conformance test specification requirement specific details related to test object configuration, test coverage and transmitter test signal descriptions is also captured. All requirements applicable for a certain BS type (BS type 1-H, BS type 1-O or BS type 2-O) requires to be met to show compliance to 3GPP BS RF requirements. The BS type requirement applicability matrix is also captured in TS 38.141-2. 
Since NR was finalized in Rel-15 test methodologies and test equipment capabilities have improved significantly. Meaning that test equipment capable of handling higher frequencies is commercially available and OTA test methodologies have been improved with respect to higher frequencies reaching up to 100 GHz. At higher frequencies RF connectors get smaller and tends to be very fragile and coaxial cables are typically very sensitivity to mechanical impact such as bends or even movements. However, higher frequencies also mean that wavelength get shorter as well as the physical size of the test object. This will have significant impact on practical aspects related to OTA testing. Some aspects will be beneficial such as the OTA chamber size will reduce, and other aspects will require additional equipment to be considered like power amplifiers to produce desired output power from signal generators for wanted signals and interferer signals. In general, higher frequencies lead to smaller OTA chambers for wanted signal testing. It may not be optimal to re-use a chamber designed for FR1 and FR2-1 for testing frequencies within FR2-2. FR2-2 would require dedicated test environments to be used in order to optimize parameters such as the path loss in the chamber.  
In two companion contributions: one for the transmitter [8] and one for the receiver [9] we summarize the BS RF related updates required for TS 38.141-2 to support OTA conformance testing for the NR frequency extension up to 71 GHz.
In the following sub-sections detailed information related to the frequency extension up to 71 GHz is presented for discussion.




2.1 Work plan aspects
At the last RAN4 (RAN4#102-E) meeting the work related to BS RF conformance testing started in one discussion thread in parallel with the BS demodulation testing related work in a second parallel discussion thread. It would be beneficial for RAN4 to keep the discussion related to OTA test methodology description, test procedure description, measurement uncertainty evaluation in the BS RF discussion thread, where it is assumed most of OTA experts will be present. Having parallel discussion ongoing in two threads will just cause confusion. 
Proposal 1: Discuss OTA test methodology aspects in the BS RF session (thread).
To be able to update the conformance test specification test requirement levels for the frequency range 52.6 to 71.0 GHz needs to be established. Previously for NR test requirement levels have been defined by applying test tolerances to BS RF core requirement levels. Depending on type of requirement (regulatory, non-regulatory) the test tolerance is set to 0 or maximum test uncertainty. The maximum test uncertainty is determined so that multiple test methodologies is allowed. All the technical background information for NR operation up to 52.6 GHz is captured in TR 37.941. For extension of BS conformance testing to FR2-2, substantial work needs to be done in TR 37.941 to capture all relevant technical background information. Currently TR 37.941 captures technical background information relevant up to 40 GHz. 
To be able to complete the conformance test specification the following work needs to be done:
1. Conclude on measurement uncertainties for general test equipment, such as spectrum analysers, signal generators, vector network analysers, power meters, etc.  Also, other types of equipment may be of interest, such as additional mixer stages or even new test methodologies. Here it is essential to get input from test equipment manufacturers.

2. Evaluate measurement uncertainty for each combination of relevant test requirement and relevant test methodologies seen relevant for the frequency range 52.6 to 71.0 GHz. 
a. If needed describe additional calibration stages to keep the measurement uncertainty reasonable. 
b. Introduce additional components such as amplifiers, mixer stages if required to minimize impact of high frequency RF aspects on measurement uncertainty. 

3. Determine maximum test uncertainty for all requirement based on input that preferrable allow multiple test methods to be used per requirement.

4. Define FR2-2 specific test models for new carrier bandwidths and sub-carrier spacings.

5. Update test procedures for specific requirements, such as blocking where measurement step size is defined.
Another aspect to consider is a work split by splitting up the specification between companies to effectively focus on specification drafting of draft CRs to TS 38.141-2 when the discussion is ready and draft CRs to TR 37.941 to capture technical background information related to the methodologies

2.2 Frequency range for measurement of out-of-band parameters
ITU-R gives recommendation for measurement frequency range for spurious emission in SM.329 [4]. The measurement frequency range for spurious emissions is listed in Table 2.2-1. For systems operating within the frequency range 13 GHz to 150 GHz spurious emission shall be measured up to 2nd harmonic. When the NR conformance test specification was derived for Release 15 the upper test frequency was set to 60 GHz due to limited availability of test equipment above 60 GHz. Since Release 15 test equipment such as network analysers, spectrum analysers and signal generators, etc. has evolved, making RF measurements possible far above 100 GHz. 
Table 2.2-1: Frequency range for measurement of unwanted emissions 
	Fundamental 
frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit

	9 kHz to 100 MHz
	9 kHz
	1 GHz

	100 MHz to 300 MHz
	9 kHz
	10th harmonic

	300 MHz to 600 MHz
	30 MHz
	3 GHz

	600 MHz to 5.2 GHz
	30 MHz
	5th harmonic

	5.2 GHz to 13 GHz
	30 MHz
	26 GHz

	13 GHz to 150 GHz
	30 MHz
	2nd harmonic

	150 GHz to 300 GHz
	30 MHz
	300 GHz



The test should include the entire harmonic band and not be truncated at the precise upper frequency limit stated. Meaning that the upper frequency test limit should be set to capture the complete harmonic response which is also dependent on the carrier bandwidth.  
For FR2-2 (52.6 to 71.0 GHz) the recommendation in SM.329 would require the spurious emission to be tested within the frequency range 30 MHz to 142 GHz. However, the test setup complexity and test scope need careful considerations before a decision on the upper frequency limit can be made. Eventually, RAN4 can decide to set the upper test limit below the ITU-R recommendation in the same way as for FR2-1 if the test complexity and test equipment availability makes it impossible to set upper test limit to 2nd harmonic. 
The SM.329 gives recommendations of lower and upper limit for unwanted emission, but for receiver blocking there is no guidance available. For receiver output band blocking the capability of signal generators and power amplifiers generating power needs to be evaluated before the upper limit for receiver blocking can be determined. 
Currently for FR2 the lower measurement frequency limit is set to 30 MHz. For test object intended for operation within 52.6 to 71.0 GHz it would be reasonable that the physical size is less than for FR2-1 which would mean that they would work as poor radiators at very low frequencies. This would open up the question if the lower limit can be increased above 30 MHz for FR2-2. 
Proposal 2: Study the feasibility to increase the lower measurement frequency limit above 30 MHz. 
Proposal 3: Study capabilities of test equipment with and without mixer solutions to be able to measure spurious emissions close to 2nd harmonic.  
Proposal 4: Study the capability to generate interferer signal power for out-of-band blocking requirement before setting the upper measurement frequency limit. 
Also, for spurious emission the wanted signal Power Spectral Density (PSD) will be lower than general spurious emission requirements for large carrier bandwidth configurations. This would allow for discussion to reduce the test scope for some carrier configurations, since spurious emission requirements will be guaranteed by the design. 

2.3 Test object size consideration
Based on NR technical background information in TR 38.803 [5], technical background information specifically relevant for 52.6 to 71.0 GHz in TR 38.808 [6] and parameters used for co-existence simulation campaign, parameter sets for different base station array sizes intended for different deployment scenarios (urban, dense urban, and indoor) have been created in Table 2.3-1. 
Table 2.3-1: Array parameters for different BS array configurations
	Description
	Parameter
	A
	B
	C
	D 

	Front to back ratio
	Am (dB)
	30
	30
	30
	30

	Side lobe suppression
	SLAv (dB)
	30
	30
	30
	30

	Horizontal half power beamwidth
	3dB (deg.)
	90
	90
	90
	90

	Vertical half power beamwidth
	3dB (deg.)
	90
	90
	90
	90

	Element peak gain
	GE,max (dBi)
	5.3
	5.3
	5.3
	5.3

	Element loss
	LE (dB)
	2.2
	2.2
	2.2
	2.2

	Number of element rows
	M
	32
	16
	8
	8

	Number of element columns
	N
	32
	16
	16
	4

	Number of supported polarizations
	P
	2
	2
	2
	2

	Vertical element separation
	dv (m)
	0.5l
	0.5l
	0.5l
	0.5l

	Horizontal element separation
	dh (m)
	0.5l
	0.5l
	0.5l
	0.5l

	Power per transmitter branch (before loss)
	Ptx (dBm)
	1.5
	1.5
	1.5
	1.5



The antenna array is scaled for different deployment scenarios (Urban, Dense urban, Indoor) using the same element parameters. For out-door deployment scenarios such as urban and dense urban higher antenna gain is required to provide coverage, while for indoor deployments more focus is on physical size.
The peak element gain GE is calculated based on true peak directivity and element loss LE and element half power beamwidths. This will guarantee that the antenna model produces accurately scaled gain patterns.
Based on the array parameters sets, fundamental characteristics such as maximum transmitted power (TRP and peak EIRP) and physical antenna dimensions can be derived. For BS output power considerations, the total radiated power (TRP) is calculated in logarithmical scale as:
	(Eq. 2.3-1)
where P, M, N, Ptx and LE is given by Table 2.3-1. For radiated power considerations peak Equivalent Isotropic Radiated Power (EIRP) is calculated in logarithmical scale calculated as:
 		(Eq. 2.3-2)
where P, M, N, Ptx, GE and LE is given by Table 2.3-1. 
In an OTA test range, the signal attenuation between the test object and the measurement antenna is referred to as Free Space Path Loss (FSPL). The FSPL can be expressed as:
 		(Eq. 2.3-3)
where dff is the distance of spherical wave propagation in meters and l is the wavelength in meters.
The far-field distance can be determined by:
 		(Eq. 2.3-4)
where Dant is the maximum linear dimension of the antenna array. 
The maximum linear distance for a rectangular array with M rows and N columns can be calculated for a rectangular array as:
 		(Eq. 2.3-5)
assuming parameter values in Table 2.3-1.
By combining Eq. 2.3-3, Eq. 2.3-4 and Eq. 2.3-5 the FSPL can be expressed as:
 		(Eq. 2.3-6) 
It can be observed that the FSPL is a function of test object antenna size rather than of frequency if the test range is selected to be optimal for the specific frequency. 
Based on parameters listed in Table 2.3-1 some general characteristics such as power capability, physical size and FSPL relevant for OTA testing have been calculated. The results are listed in Table 2.3-2.
Table 2.3-2: BS output and array size characteristics
	BS array 
configuration

	TRP
(dBm)
	EIRP
(dBm)
	Physical size 
at 52.6 GHz, 
height x width
(mm)
	Physical size 
at 71.0 GHz, 
height x width
(mm)
	Test range 
FSPL
(dB)

	A
	32.4
	70.0
	91.3 x 91.3
	67.6 x 67.6
	82.2

	B
	26.4
	58.0
	45.6 x 45.6
	33.8 x 33.8
	70.1

	C
	23.4
	52.0
	22.8 x 45.6
	16.9 x 33.8
	66.1

	D
	17.4
	40.0
	22.8 x 11.4
	16.9 x 8.5
	54.0



Based on deployment scenario the power capability of the base station will vary as expected. It can be noticed that the TRP capability will vary within the range 17.4 to 32.4 dBm and EIRP capability will vary within the range 40 to 70 dBm depending on base station array size. The path loss in a direct far-field test range configuration varies between 54.0 to 82.2 dB depending on BS array configuration. 
Another parameter to consider with respect to the test object size and the test range path loss is the measurement antenna gain. 
To make OTA testing practical, the required test distance can be minimized further moving closer to the test object but maintaining acceptable measurement accuracy as described in [10, 11]. 
Observation: The Free Space Path Loss gives the upper bound for propagation loss in an OTA test range. There are approaches to reduce the path loss to relax requirements on test equipment such as signal generators and other types of components used in the test range. 
For a typical OTA chamber like CATR or direct far-field the test distance is fixed, which means that the path loss will vary as function of frequency. For very high frequencies like FR2-2, tailor made test ranges is required to push down the path loss as much as possible to avoid approaching near the instrument’s noise floor. 

Proposal 5: For initial OTA test range path-loss assumptions consider values in Table 2.3-2 as base line.

Observation: It can be noticed that the path loss is depending on test object size for a chamber optimized for the specific frequency. If a test range designed for FR1 is used for FR2-2 the free space path loss will be much higher than indicated in Table 2.3-2. Hence, it is not suitable to use large test rages intended for FR1 for FR2-2.

2.4 Measurement uncertainty evaluation
OTA test methods and technical background information is captured in TR 37.941 [7]. In general, all test methods can be split up into two main stages: Calibration stage and Measurement stage, which are described in test procedures and corresponding measurement uncertainty evaluation.
To improve the overall measurement uncertainty for a specific test method additional calibration procedure will be needed for OTA test methods relevant for the frequency range 52.6 to 71.0 GHz. 
For test equipment, such as spectrum analysers and signal generators, the absolute power uncertainty tends to deteriorate for higher frequencies. This means that the absolute power accuracy needs to be calibrated for the specific test signal bandwidth and carrier frequency. This can be done by introducing a new calibration step in the test procedure, as indicated in Table 2.4-1. Even more complex set setups may be relevant to consider, such as using frequency up/down converter stages. This would allow for minimizing uncertainties related to high frequency transmission as long as the mixer stages can be calibrated properly. 
Table 2.4-1: Introduction of intermediate calibration stages
	Test method stage
	Sub-procedure
	Description

	
Calibration stage

	Pathloss calibration 
	The test range path loss is measured using a Vector Network Analyser (VNA). This is the calibration currently described in TR 37.941.

	
	An additional calibration of measurement receiver absolute power 
	The measurement receiver (for EIRP measurements typically a spectrum analyser) absolute power accuracy is characterized using a power meter with better measurement uncertainty. 

	
	An additional calibration of mixer stage
	For very high frequencies (e.g., for upper part of out-of-band region) it can be beneficial to use a mixer stage in the test range. In that case an additional calibration stage is required to characterize the mixer transfer function. 

	
	An additional calibration stage of signal generator output power
	The power level is calibrated using a power meter. 

	Measurement stage
	Measurement
	Measurement stage currently described in TR 37.941.



The approach has sub-calibration stages to minimize the measurement uncertainty. This is currently not described in TR 37.941 for any test methods. For some test setups additional calibration stages can significantly improve the overall expanded measurement uncertainty with low additional cost in terms of additional test time. 
An example of an additional calibration stage can be summarized as:
Typically, a spectrum analyser is used as measurement receiver. The relative measurement uncertainty is very good, while the absolute measurement uncertainty is often worse than what you can expect from a power meter. Therefore, the measurement uncertainty can be improved by adding an intermediate calibration stage where the absolute power at the spectrum analyser is calibrated using a power meter. In this case the measurement uncertainty for a power meter can be used instead of the measurement uncertainty related to a spectrum analyser. 
By introducing additional calibration stages as indicated in Table 2.4-1, the expanded measurement uncertainty can be reduced moving up to 71 GHz (in-band) and up to 2nd harmonic for out-of-band requirements.  
Observation: For the work related to measurement uncertainty evaluation it is essential to capture typical measurement uncertainties for common test equipment such as spectrum analysers, power meters, amplifiers, mixer stages, signal generators and vector network analysers. 
Observation: To improve measurement uncertainty or make the test approach feasible components such as amplifiers or mixer stages and corresponding calibrations needs to be considered for some test setups. 

2.5 Test methodology aspects
In principle all methods captured in TR 37.941 is of great interest for measuring AAS base station characteristics captured in TS 38.104 with extensions up to 71 GHz. 
It is clear that the measurement uncertainty evaluation may need some re-work to capture aspects related to the frequency range 52.6 to 71.0 GHz. Some measurement error contributions may decrease while other may increase. Considering a test range suitable for the specific frequency range would result in fairy similar assessment as for previous supported frequencies. For the frequency range 52.6 to 71.0 GHz it is reasonable to assume that the test range size will reduce along the reduction of wavelength. Hence, the crucial characteristics related to pathloss within the test range will not increase as a function of frequency. It will rather be dependent on the size of the antenna array inters number of elements. As a starting point the following test methodologies would capture both in-band and out-of-band characteristics:
1. The Compact Antenna Test Range (CATR) described in TR 37.941, subclause 7.3 is a very promising test methodology for in-band characteristics, such as radiated transmit power and reference sensitivity, etc.
2. The Reverberation Chamber (RC) described in TR 37.941, subclause 7.8 is a very promising test methodology for unwanted emission requirements in the in-band region and out-of-band region.
3. The General Chamber described in TR 37.841, subclause 7.7 is suitable for receiver blocking testing in the frequency range 30 MHz to upper limit to be defined for FR2-2. 
It can be concluded that to be able to cover all test cases at least three different test methodologies are required. The measurement uncertainty evaluation applicable for the frequency range 52.6 to 71.0 GHz requires attention. Eventually, the test methods need to be complemented with additional calibration stages to keep the overall expanded measurement uncertainty to be reasonable and acceptable and at the same time provide a relevant test methodology as reference in 3GPP. In addition to current technical background information in TR 37.941 relevant information for applicable for the frequency range 52.6 to 71.0 GHz needs to be added along with new calibration stages and introduction of additional components such as amplifiers and mixers. 
Observation: At least three different test methodologies are required to cover the expected measurement scope for the frequency range 52.6 to 71.0 GHz. 














3. Conclusion
In this contribution we present some aspects regarding the work plan as well as technical aspects to consider to further progress the work extending the NR BS conformance specifications to support up to 71 GHz. The technical background documented in TR 37.941 can be expanded to support up to 71 GHz by considering the following:
· Test methodologies descriptions can be re-used together with some additions required to meet acceptable measurement uncertainties. 
· The measurement uncertainty evaluation needs to be adopted to be relevant for the frequency range 52.6 to 71.0 GHz.

The following proposals are presented for approval:

Proposal 1: Discuss OTA test methodology aspects in the BS RF session (thread).
Proposal 2: Study the feasibility to increase the lower measurement frequency limit above 30 MHz.
Proposal 3: Study capabilities of test equipment with and without mixer solutions to be able to measure spurious emissions close to 2nd harmonic.  
Proposal 4: Study the capability to generate interferer signal power for out-of-band blocking requirement before setting the upper measurement frequency limit. 
Proposal 5: For initial OTA test range path-loss assumptions consider values in Table 2.3-2 as base line.
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