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1. Introduction

At the last RAN4 meeting (RAN4#85 in Reno) the first version of the NR RF core specification (TS 38.104) was created and the AAS RF core specification (TS 37.105) was updated. In common for both specifications, they now hold multiple requirement sets. The AAS specification covers two sets; conducted and hybrid, while the NR specification covers four different requirement sets; 1-C, 1-H, 1-O, and 2-O where OTA requirements are included in 1-H, 1-O, and 2-O. The two last sets consist only of OTA requirements. 
In the spirit of understanding technical possibilities and potential issues related to OTA conformance testing, this contribution presents some basic aspects related to testing specified RF core requirements in a shielded free-space OTA environment. Before starting the work evaluating the measurement uncertainty per combination of test method and test requirement, an overview of what parameters is used for all OTA requirements have been created. There are a lot of commonalities between the requirements, but also some differences. Even though some requirements are based on the same parameters, the measurement uncertainty may be different due to factors such as expected measurement levels are different. Also, test distance and physical size of test object needs further considerations before measurement uncertainty can be finally determined. 
This contribution elaborates around essential aspects related to OTA testing in the view of parameters used for requirements defined in TS 37.105 and TS 38.104, stimulating further work to define test procedure and evaluating measurement uncertainties.
2. Discussion

The OTA RF core requirements defined in TS 37.105 and TS 38.104 and are based on different types of parameters, such as EIRP, EIS, TRP and for BS-to-BS co-location requirements, at the RF connectors on the Co-location Reference Antenna (CRA). For some OTA parameters, the size of the test object radiating aperture and frequency will determine appropriate measurement distance for far-field parameters, such as EIRP and EIS. Parameters such as EIRP and EIS is defined in the far-field region, due to its close relation to antenna gain. For OTA unwanted emission based on TRP the spatial sampling grid and test distance is related to the size of the test object as explained in [1]. For TRP, the test time should be limited as much as possible, still maintaining acceptable measurement uncertainty.

Different requirements require different parameters, in Table 2-1, all requirements are listed with respect to used requirement parameter. In the table, parameters for each requirement in all requirement sets are identified with reference to sub-clauses in TS 38.104. It can be noticed that some requirements are relaying on multiple parameters, such as OTA spurious emission and OTA transmitter intermodulation. Also, requirements part of different requirement sets may be designed based on different parameters (e.g. the CRA is only defined for 1-O). Also, worth mention is that some requirements are not yet defined when it comes to parameters.
Last meeting there was a discussion to redefine the parameters used for the interfering signal for requirements where the test object is illuminated with a specified interfering signal. Currently we refer to this signal using EIS. Unfortunately, EIS is tied to a link quality level according to current definition. A solution is to introduce a similar parameter, which is disconnected to the link quality level. A proposal is to call the new parameter Equivalent Isotropic Received Level (EIRL). As for EIS, EIRL is closely related to field-strength (see [4]). This parameter could be used for all interfering signals used for e.g. receiver blocking.
Some transmitter requirements (e.g. OTA frequency error and OTA occupied bandwidth) are classified as directional requirements, which means that the parameters EIRP or power density can be used. This would indirectly mean that the test distance is not looked to the far-field criteria. From a pure testing perspective all directional requirements, is based on EIRP. Directional requirement type does not imply the requirement is only one direction as many requirements have many compliance directions. 
Table 2-1: Overview of requirement parameters
	Requirement
	Requirement Set
	Note

	
	1-H and AAS
	1-O and AAS
	2-O
	

	Radiated transmit power
	EIRP (9.2) 
	EIRP (9.2)
	EIRP (9.2)
	Directional requirement

	OTA base station output power
	NA


	TRP (9.3)
	TRP (9.3)
	

	OTA output power dynamics
	
	EIRP (9.4)
	EIRP (9.4)
	Directional requirement

	OTA transmit ON/OFF power
	Transmitter OFF power
	
	CRA (9.5.2)
	TRP (9.5.2)
	

	
	OTA transient period
	
	FFS (9.5.3)
	FFS (9.5.3)
	

	OTA transmitted signal quality
	OTA frequency error
	
	EIRP (9.6.1)
	EIRP (9.6.1)
	Directional requirement



	
	OTA modulation quality
	
	EIRP (9.6.2)
	EIRP (9.6.2)
	EVM is a directional requirement associated to a ratio between wanted signal and emission signal of the carrier signal

	
	OTA time alignment error
	
	EIRP (9.6.3)
	EIRP (9.6.3)
	Directional requirement

	OTA unwanted emission

	OTA occupied bandwidth
	
	EIRP (9.7.2)
	EIRP (9.7.2)
	Directional requirement

	
	OTA ACLR
	
	TRP (9.7.3)
	TRP (9.7.3)
	OTA ACLR is a ratio of the wanted signal and the adjacent channel noise.

This requirement consists of a relative part and an absolute part.

	
	OTA out-of-band emissions
	
	TRP (9.7.4)
	TRP (9.7.4)
	

	
	OTA transmitter spurious emission
	
	TRP (9.7.5)

CRA (FFS)
	TRP (9.7.5)
	

	OTA transmitter intermodulation 
	
	CRA and TRP (9.8)
	NA
	

	OTA sensitivity
	EIS (10.2)
	EIS (10.2)
	NA
	

	OTA reference sensitivity level
	NA


	EIS (10.3)
	EIS (10.3)
	

	OTA dynamic range
	
	EIS (10.4)
	NA
	

	OTA in-band selectivity and blocking
	
	EIS and EIRL (10.5)
	EIS and EIRL (10.5)
	

	OTA out-of-band blocking
	
	EIS and EIRL (10.6.2.1)

CRA and EIS (10.6.2.2)
	FFS (10.6)
	Current requirement is defined as a EIRP at a distance from the test object, which corresponds to EIRL or field-strength as described in [4]

	OTA receiver spurious emission 
	
	TRP (10.7)
	TRP (10.7)
	

	OTA receiver intermodulation
	
	EIS and EIRL (10.8)
	EIS and EIRL (10.8)
	

	OTA in-channel selectivity
	
	EIS and EIRL (10.9)
	EIS and EIRL (10.9)
	

	Radiated performance requirements
	
	FFS (11)
	FFS (11)
	


After reviewing RF core requirements in the very first version of TS 38.104, used requirement parameters have been complied and listed together with a general description and some aspects related to test distance and number of spatial points in Table 2-2. 
Table 2-2: Description of OTA parameters 
	Parameter
	Description
	No of spatial points
	Test Distance

	EIRP
	Equivalent Isotropic Radiated Power
	Few spatial points, to capture performance within the service area
	Far-field region

	TRP
	Total Radiated Power
	TRP may be captured by integrating EIRP samples over the sphere around the test object. The test method described in [3] shows how the number of spatial points can be reduced as much as possible
	Less than or equal to far-field criteria, but outside reactive near-field

	EIS
	Equivalent Isotropic Power
	Few spatial points, to capture performance within the service area
	Far-field region

	EIRL
	Equivalent Isotropic Received Level
	Few spatial points, to capture performance within the service area
	Far-field region

	CRA
	Co-location Reference Antenna
	Requirements are anchored at the RF connectors at the co-location reference antenna
	The horizontal separation between the test object and co-location reference antenna is set to 0.1 m as described in TS 38.104, sub-clause 4.9


From Table 2-2, it can be noticed that the test distance for in-band requirements (based on EIRP, EIS and EIRL) is determined by the far-field criteria, normally referred to the as the distance satisfied by:
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(Equation 1)
, where  is the carrier wave length of the signal of interest and D is the maximum linear dimension of the radiating aperture. 
Even though, some directional parameters (e.g. OTA frequency error and OTA occupied bandwidth, where absolute radiated power not matter) do not require the far-field criteria to be fulfilled, it is reasonable from a testing perspective to consolidate directional parameters with other in-band far-field parameters and conduct testing where the far-field criteria is fulfilled.

Selecting a suitable OTA test facility, e.g. direct far-field or Compact Antenna Test Range (CATR) for a certain product requires knowledge about the radiating antenna aperture. For in-band requirements, for which the antenna aperture is supposed to be designed for, the size of the radiating antenna aperture size is associated to D, giving the required far-field distance. For emission requirements, D may be different than for in-band requirements. For spurious emission it would rather safer to assume the physical size of the base station, since emission can be generated by the antenna aperture and other parts of the encapsulation (through leakage).  
The challenge is to determine the maximum linear dimension in a general fashion, without dissembling the base station for analysing the design. Also, the maximum linear dimension most probably is different for in-band requirement and out-of-band requirements. 

For FR1 base stations the physical size of the encapsulation tends to be the same as the radiating antenna aperture, but for FR2 products the physical size of the encapsulation and radiating antenna can vary a lot, as showed for some example base stations in Table 2-3. 
Table 2-3: Typical dimensions related to AAS base stations
	Frequency Range
	Operating Frequency
	Type
	Physical Dimension of Encapsulation

(hxw) [m]
	Physical Dimension of Antenna

(hxw) [m]
	Electrical Dimension 

(hxw in D/)

	FR1


	900 MHz
	Passive BS antenna
	2.6x0.3 
	2.6x0.3 
	8x0.9

	
	2 GHz
	Passive BS antenna
	1.3x0.15 
	1.3x0.15 
	8.7x1

	
	2 GHz
	AAS BS
	1.5x0.4 
	1.5x0.4 
	10x2.7

	
	2.5 GHz
	AAS BS
	1.0x0.5 
	1.0x0.5
	8x4.2

	
	3.5 GHz
	AAS BS
	0.8x0.4 
	0.8x0.4 
	8.9x4.4

	FR2


	28 GHz
	AAS BS
	0.6x0.3 
	0.15x0.15 
	6x6

	
	39 GHz
	AAS BS
	0.6x0.3 
	0.20x0.20 
	8x8


The maximum linear physical dimension of the radiating aperture is dependent on operating frequency. The classical rule regarding antenna design seems to still apply; antennas designed for low frequencies tends to be larger in meters, while antennas designed for high frequencies tends to be smaller. The electrical dimension of the radiating aperture, which determine the degree of beam-forming is roughly the same over frequency. It can be noticed that the beam-forming capability is for AAS BS extended to support both vertical and horizonal beam-forming compared to passive BS antenna systems. The electrical size sets the lower bound for how narrow beams that can be produced by the system. It is important to point out that the beam-forming capability is not only set by the size of the antenna, also the base band capability is a crucial part how the antenna aperture is used. 
From a testing perspective it can be concluded for a passive single column antenna that the test distance corresponding to the far-field criteria can easily be determined by the physical size of the antenna aperture. But for FR2, the physical dimension would rather overestimate the actual far-field distance required for testing. 
The differences between the physical size, the size of the radiating aperture (dant) and the electrical size (de) is visualized for different types of base stations in Figure 2-1.
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Figure 2-1: Test object size
Traditionally the largest dimensions used to determine the far-field distance is determined by the largest physical dimension of the encapsulation. 

However, for FR2 AAS base stations, the test facility must be selected to be capable to test the beam-forming capabilities the specific product. That’s means that the test distance can be selected based on the electrical size rather than the physical size. All given approaches are anything else than simple, therefore it is suggested that the vendor if required declared the size of the radiating aperture is needed for description of test procedure. The best thing would be if test methods are described in a fashion where test distances are not mandated, instead far-field distance is secured by the definition of EIRP and EIS. 
For testing TRP, the far-field criteria will not determine the test distance, its rather the 3dB beam-width of the measurement antennas relation to the size of the test object that matters. To be able to test OTA unwanted emission with in the frequency range 30 MHz up to the upper emission limit, a set consisting of several measuring antennas will be required. Where, the test distance is selected to fit the measurement antenna characteristics and the test object size. This will require a test facility where the test distance can be changed. 
For emissions the electrical size may be different over frequency, better to be safe and start with physical size and then select grid according the description in [3]. For emissions, it cannot be excluded that emission is leaking through the encapsulation on the side of the antenna aperture. 
Another aspect to consider for FR1 and FR2 base stations, is that the physical area of the base station can be used in different ways, for different specific product implementations. In Figure 2-2, some possible distributions of the antenna aperture are visualised.
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Figure 2-2: Distribution of antenna apertures

For Type A, the physical dimension and the antenna dimension is equal, meaning that the required far-field test distance can be determined by measuring the physical size of the base station. Using the same approach for Type B to Type F, would result in an overestimation of the required far-field test distance. 
For antenna apertures (Type C, D, and F) with multiple sub-apertures, different design approach can be used; 
1. Partitioning of apertures for Down-link and Up-link
2. Coherence between apertures  

Visual inspection of the base station enclosure cannot extract this information. RAN4 needs to find an approach for how to determine the test distance for test method relaying on far-field (e.g. direct far-field test range). There are a few obvious approaches for how to handle the information about the antenna size during conformance testing; 
A. Manufacturer declaration
B. Measurement to characterize the base station.
C. Select a test facility so that measurement uncertainty is guaranteed. 

The examples in Figure 2-2, is also vital to consider when conformance test requirements for co-location requirements is established. In the co-location reference antenna is mounted on the opposite side than the antenna aperture (see Type C), then the requirement will lose its relevance. To capture this aspect, the placement of the co-location reference antenna is needs some additional information. A CR for TS 37.105, sub-clause 4.10 have been created in a companion contribution [5] to add this information. 
3. Conclusion

Traditionally, for base station operating at frequencies within 450 MHz to 3800 MHz using passive antennas the radiating aperture area is approximately equal to the physical size of the base station antenna. However, for AAS base station operating within the range 2500 MHz up to millimetre wave frequencies the radiating antenna aperture tends to be smaller than the physical dimensions of the base station encapsulation. Looking from the outside, it’s not a simple task to determine the size of the radiating aperture. The size of the radiating aperture is needed to determine measurement distances as well as spatial sampling grid resolution for TRP measurements required for OTA conformance testing. A pragmatic approach would be to select a test range able to support measurement uncertainty given by 3GPP. Then, there is no need to consider the size of the test object though declarations.
Also, the distribution of antenna apertures is relevant to consider for the placement of the co-location reference antenna. 

In this contribution we have presented some aspects related to define the test distance for OTA requirements part of TS 37.105 and TS 38.104. Some requirements, such as EIRP and EIS relays on fulfilling the far-field criteria or by other means create a situation with a planar wave propagation. For other requirements, testing can be conducted closer to the test object (e.g. TRP). For all requirement and test methods is important to consider the test distance and the final impact on the measurement uncertainty.    
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