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1. Introduction

At the last RAN4 meeting the RF core specification for AAS base stations for release 13 was agreed. Moving on towards release 14 new requirements in the OTA domain will be discussed. At the last RAN plenary meeting a WID for further enhanced AAS was approved. The WID [1] basically conclude that more OTA requirements are necessary. Since the requirement definition and the aspect of testing is closely related to each other this contribution presents a collection of potential OTA test methods for in-band and out-of-band characteristics is collected. Some of the aspects related to OTA testing have already been discussed in the previous SI and WI since 2011. 
This contribution has collected some relevant findings after evaluated potential OTA test method candidates for OTA testing of AAS base stations.
2. Discussion

Currently, two OTA requirements have been established for AAS base stations; radiated transmit power and OTA sensitivity. Both of them capturing radiated in-band characteristics of the AAS base station. The next step would be to also define OTA requirements for EVM [2] and out-of-band characteristics such as spurious emission or out-of-band receiver blocking as discussed in a companion contribution [3, 4].
The characteristics of good requirements are variously stated by different writers, with each writer generally emphasizing the characteristics most appropriate to their general discussion or the specific technology domain being addressed. A few aspects to think about when new requirements are developed are listed below:
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Relevant
The requirement addresses relevant characteristics
Complete
The requirement is fully stated in one place with no missing information
Consistent
The requirement does not contradict any other requirement
Verifiable
The requirement can be determined through test

When developing RAN4 RF core requirements for AAS base station in the OTA domain, the test aspect must be considered in parallel from the beginning. Otherwise, it is easy to define a requirement which can’t be tested with respect to technically issues, unrealistic test time or unreasonably facility costs. As an example we have unwanted emission which if moved to the radiated domain spans from 9 kHz to 12.75 GHz for current defined bands. It’s not easy to find a common OTA test method capturing the whole frequency range. 

Adding RAN4 equivalent requirements in the OTA domain can potentially replace conducted requirements, which means that a certain point some conducted requirements can be removed at a certain point where OTA requirement capture the specific characteristic for the whole system. How this issue will be managed with respect to the current specifications needs further considerations.
The current conducted requirements in TS 37.105 [5] can be categorized as shown in Table 2-1.

Table 2-1: Requirement categories with respect to frequency
	Category
	Frequency Region
	Requirements
	Description

	A
	Carrier
	Output power, EVM, Reference sensitivity
	Requirement defined in-band on wanted signal only

	B
	In-Band
	ACLR, OBUE
	Requirement defined in-band on the wanted signal and neighbouring channels

	C
	In-Band
	Receiver in-band blocking
	Requirement defined in-band for condition with wanted signal and interference signal

	D
	Out-of-band
	Spurious emission, Receiver emission.
	Requirement defined in the out-of-band region

	D
	Out-of-band and in-band
	Transmitter IMD
	Requirement defined in-band and out-of-band condition on wanted signal and interference signal

	E
	Hybrid
	Receiver out-of-band blocking
	Requirement defined out-of-band with a reference to in-band characteristics with condition on wanted signal and interference signal


Current conducted requirement can be categorized with respect to the frequency domain. For traditional conducted testing the frequency range spanning from 9 kHz to 12.75 GHz is not an issue as long as test equipment used support the frequency. For OTA testing the relevance of frequency adds some new challenges to the discussion, such as the far-field distance and the signal propagation loss. In general, parameters such as EIRP, EIS is defined in the far-field region. At low frequencies at 9 kHz the wave length is 33.3 km, which really is a challenge with respect to test range design.  
The results from evaluating different available OTA test methods shows that there is not a common OTA test methodology spanning over the whole frequency band from 9 kHz to 12.75 GHz where RF core requirement is defined in current specifications. For some requirements parameters, such as interference signals and other conditions are specified in both the in-band region and the out-of band region. 

Test ranges used to evaluated passive base station antennas (Near-Field scanner and CATR) is typically operating in the range of 400 MHz to 6 GHz. Extending the range for lower frequencies results in large facilities, while extending the frequency upwards introduced new challenges such as a large free-space path loss.

With respect to current requirements, the frequency range can be divided into three main regions; Low frequency out-of-band region, In-band region and High frequency out-of-band region, as showed in Figure 2-1.
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Figure 2-1: Requirement frequency regions, example for E-UTRA band 1
A commercially available antenna test methods, such as direct Far-Field, CATR or Near-Field scanner, typically works in the in-band region, where characteristics on the wanted signal is supposed to be tested. However ordinary antenna test ranges struggles to keep specified uncertainty in out-of-band regions. This means that so far, there is no single common OTA test method that’s have the capability to operate in all regions. Fortunately there are other test methods, such as the one used for EMC emission tests in a EMC chamber, PIM testing in a shielded anechoic chamber (SAC) and test probe approaches, which all are of great interest when it comes to out-of-band frequency OTA testing 

Capturing current OTA requirements; Radiated transmit power and OTA sensitivity, together with all other requirements moved to the OTA domain, multiple test approach may be required to capture the whole frequency range, as described in Figure 2-2. For In-Band requirement such as Radiated transmit power, OTA sensitivity, ACLR and EVM, direct far-field or CATR can be used, while for out-of-band requirements other methods are required such as EMC chamber or SAC. For very low frequencies (below 30 MHz) methods based on probing may be required.
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Figure 2-2: OTA methods with respect to frequency range
Traditionally for systems with few passive antennas, emission can be tested in terms of EIRP in the in-band region. Unwanted emission is generated in the TX chains and the RX chains from different sources, such as IM (Inter-Modulation), harmonics, noise, clock-leakage, LO-leakage and so on. All these contributions are added together creating unwanted emission. 
EIRP is measured in the unit W (or dBm in decibel scale) and for passive systems can easily be related to other radio characteristics through basic link budget calculations. To reflect the spatial properties of the unwanted emission completely for passive systems it is necessary to measure EIRP for different DUT directions and several frequencies. However, for an AAS base station RF core requirement the figure of merit part of the requirement should probably not be EIRP. Many aspects related to MIMO systems with beam-forming capability suggests that TRP is a more relevant figure of merit for emission in general as further described in a companion contribution [3]. 
From a testing perspective, TRP opens up some interesting opportunities since new methods can be used, such as the reverberation chamber. TRP can also be measured in a traditional anechoic chamber. In a direct far-field range, CATR or shielded anechoic chamber the EIRP is measured over a grid, and then TRP can easily be calculated at the average value over all samples. 
In an anechoic environment the TRP can be determined by measuring EIRP as:
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The grid resolution will directly determine the measurement uncertainty.

Since this approach needs EIRP measurements per polarization, spatial angles and frequency a preferable approach would be to use a reverberation chamber based method to capture TRP for some frequency regions. 

Moving all current requirements into the OTA domain will most probably require multiple test methods as indicated in Figure 2-2. A way to minimize and simplify the test scope for unwanted emission is to choose certain frequencies of interest, such as spectrum regrowth close to carrier, harmonics, IM-products and IF-signals, when test requirements are defined. Another aspect of defining OTA requirement is that the test tolerance traditionally used for conducted emission requirements is 0 dB, however for OTA versions it is reasonable to believe that the uncertainty is larger than for equivalent conducted testing. Therefore the principle descried put ITU/R in [6] needs some considerations when the requirement is determined.    

An aspect that needs considerations independent of test approach is the dynamic range of the measurement receiver. The probe antenna will receive the sum of two signal contributions, the operating frequency signal level 
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. Even though the operating frequency and unwanted emission is separated in the spatial domain the ratio 
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is large and will put high dynamic range requirements on the measurement receiver. To conserve receiver dynamic range and performance a filter bank is placed between the probe antenna and the measurement receiver. The selected filter will suppress the signal at operating frequency. With the operating signal removed the measurement receiver is adjusted for maximum sensitivity where unwanted emission is expected maintaining high measurement accuracy. The filtering characteristics and propagation loss in the OTA test setup will determine lowest possible level that can be detected. 
Unfortunately, OTA testing using direct far-field out-door is unpractical to use due to the following issues:

1. Permission to transmit on regulatory frequency bands is not easy to obtain

2. Unexpected RF Interference will degrade measurement accuracy
3. In general the physical size of the test range is determined by the operating frequency and DUT aperture size
4. The propagation loss is too high to measure emission
Issue 1 and 2 can be solved by using a RF shielded environment at an in-door facility. 

Issue 3 is not realistic for in-door environments, since the far-field distance of a 2 m long antenna operating at 2.6 GHz is around 70 m. It is worth mention the negative impact of added free space path loss as consequence of increasing range length, since it require higher receiver sensitivity. The far-field distance can be reduced by using a CATR approach.

Issue 4 is solved by reducing the propagation loss when emission at high frequencies is tested, e.g. a small (SAC) chamber can be used for high frequency testing.
There is not a simple common test method able to capture OTA RF characteristics for in-band and out-of-band requirements for AAS base stations, therefore some basic information is collected for relevant test methods to be part of the continuing discussion related to development of OTA RF core requirements.
2.1
Far-Field testing

When evaluating far-field characteristics in a far-field test range, the test object requires to be illuminated by a uniform plane wave. Traditionally, the far field distance 
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Where D is related to the physical size of the antenna aperture and  is the wave length. As mentioned earlier in this document the physical distances between the test object and the test range antenna will be too large to be practical for all frequencies defined in 3GPP RF core specifications. In a far-field antenna test range there is a volume where the test object is located, which is referred to as the quite zone. In this zone the distortions due to reflections is known from the measurement uncertainty assessment.
To accomplish the large free space distance in a smaller physical volume, far-field testing can be done indirectly using a Compact Antenna Test Range (CATR). A CATR creates a plane wave field at distances considerably shorter than those needed for conventional far-field criteria. In a compact range, a uniform plane wave is generated by a parabolic reflector or by other means. The reflector provides the means to convert a spherical phase front from the feed into a planar phase front close to its aperture. The DUT may be located near the aperture of the reflector in order to be illuminated by a uniform plane wave.  
Far-field testing can be done in out-door environment, where the Radio Frequency Interference (RFI) environment is controlled or in-door in a shielded chamber with absorption materials on walls, roof and floor.
There are several factors which affect the compact range performance: aperture blockage, surface accuracy, edge diffraction, depolarization effects, direct coupling between feed and DUT and room reflections. 

For measurement of AAS base station emission the free-space path loss in a Far-Field test range is too large with respect to co-location requirement levels for many frequency bands.
The figure of merit for this measurement method is absolute values of EIRP as function of spatial angels. The results can then be converted into radiation patterns. With respect to frequency this type of test method is commercially used in the frequency range of 600 MHz to 60 GHz.
The CATR is a well-established test methodology for passive base station antennas, also used for AAS base station with respect to radiated transmit power and OTA sensitivity.
2.2
Near-Field testing

In a near-field testing facility the physical dimensions of a test range can be reduced by adopting near-field measurement approach where the near-field characteristics of the test object. Applying analytical methods the measured near-field can then be converted to far-field radiation characteristics, such as gain or EIRP patterns.

The near-field measured data (amplitude and phase) is acquired by using a probe to scan the field close to the radiating element. The probe can be moving or multiple probes can be switched in order to spatially sample of the near-field characteristics. The position of the probe is characterized by coordinates 
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 in a xyz-coordinate system with respect to the test object. During the scanning, 
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 is kept constant (distance between test object and probe antenna), while 
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are varied. The dimensions of the near-field scanning aperture must be large enough to accept all significant energy radiated from the test object. The measured near-field signal 
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 is transformed into the plane wave spectrum, by a two-dimensional Fourier transform in the case of a planer scanner. Other approaching where the spherical or cylindrical field is sampled exists.  

The accuracy of the Near-Field measurement is determined by: RF reflections, mechanical errors, truncations errors and system errors. A near-field range is suitable for placement in a shielded chamber with absorption material on the inside minimizing reflections and RF interference. 

For certain AAS configurations it may be better to utilize cylindrical or spherical scanning techniques where the near-field is probed on a cylindrical or spherical surface instead of a plane surface. 
Traditionally the test method uses CW signals when radiation pattern of passive antennas is measured. Results from recent research indicate that the test methods can be used for active testing of EIRP in the frequency range close to an operating band. 

2.3
Reverberation chamber testing

An electromagnetic Reverberation Chamber (RC) also known as mode stirred chamber is an environment for electromagnetic compatibility (EMC) testing or antenna testing. For antenna testing this method is adopted for the UE industry to measure TRP and TRS according to TS 37.144.
A RC is a shielded room with a minimum of absorption of electromagnetic energy. Due to the low absorption very high field strength can be achieved with moderate input power. A RC can be seen as a cavity resonator with high Q factor. Thus, the spatial distribution of the electrical and magnetic field strengths is strongly inhomogeneous. To reduce this behaviour, one or more tuners (stirrers) are used. A tuner is a construction with large metallic reflectors that can be moved to different orientations in order to achieve different boundary conditions, such as an isotropic multipath environment. 

The figure of merit using this test method is TRP for DL and TRS for UL, meaning that spatial characteristic is in terms of directivity not captured.

With respect to AAS base station testing aspects with respect to how the chamber deal with high transmission power levels caused by the test object must be studied. For emission measurements the impact of passive intermodulation (PIM) generated by metal part in the chamber must be studied further, especially with respect to measurement of co-location requirement emission levels.
2.4
Probe testing
This test method is based on placing a single probe antenna or an array of probe antennas close to the test object in the near-field, maybe even in the reactive field region. A challenge with this approach is to calibrate the test system in such a way so impact of the probe antenna is removed. Since the probe antenna is placed close to the test object there will be interactions between test object and probe to be handled correctly. The approach has been used in the space industry for functional testing of communication systems on the ground before launch into space. The probe antenna must be designed to fit the test object. In some cases the probe is attached with a test cap, covering the whole test object. How the figure of merit related to this test method is related to TRP needs further investigations. The method is described further in the SI technical report TR 37.840 [7].

2.5
Shielded anechoic chamber testing
Testing in a shielded anechoic chamber (SAC) environment is used for far-field testing as mentioned in sub-clause 2.1 and for traditional EMC testing of base stations described in TS 37.113. The differences with a traditional EMC chamber are that anechoic material is placed on all walls, roof and floor.  
Instead of going for a strict far-field test approach an anechoic chamber could be used, much like the one used for EMC testing. This approach could potentially support large frequency ranges (30 MHz up to 12.75 GHz maybe even higher), which makes it suitable for out-of-band testing, such as spurious emission and out-of-band blocking requirements. With respect to traditional EMC testing, the antenna is still mounted on the test object, which means that the transmitted power will be radiated inside the chamber. This means that the absorption material used in the chamber must be capable of abortion of high power levels (as in traditional antenna test ranges). Another aspect of high power is the noise level caused by passive intermodulation related to the test equipment must be studied. 
This test approach is based on a shielded anechoic room. Where walls, roof and floor is covered with absorption material, unlike a typical EMC chamber where the floor very often is not covered with absorption material.  Instead of a positioner with capability of rotating the test object in one dimension, a positioner with at least two axes is required. A third axis can be added to also rotate the test object along the radiation axis. Using the EMC test framework where the test range antenna is paced a certain distance away from the test object. Frequency capability is handled in the same ways as for EMC chambers, meaning that the measurement uncertainty will change due to frequency in the range 30 MHz to 12.75 GHz.
2.6
EMC emission testing
This test methodology follows traditional testing of EMC emissions described in the current version of the EMC specification for AAS base stations, TS 37.114 [8]. In current version the antenna is removed and TAB connectors are terminated to dummy loads. The test methodology is based of measuring EIRP in at some points on a few cuts. 

For this test method the consequences of radiating the wanted signal in the chamber and at the same time maintain noise floor to be able to measure unwanted emission levels needs further evaluation. 

The EMC test approach is a great interest for the frequency region spanning from 30 MHz up to the in-band region and potentially also in regions above.
If the EMC specification is extended to keep the antenna mounted during emission testing, there is a potential to merge EMC emission testing and unwanted emission testing in some frequency regions.  

3. Conclusion

In this contribution some aspects of moving all conducted requirement in RAN4 into the OTA domain have presented. It is clear that there is a need of having multiple test methods for different requirements spanning over the whole frequency range (9k Hz to 12.75 GHz).
It is vital in minimize the measurement scope in terms of interesting frequencies, array excitations and also reduce the sample grid in the spatial domain and the frequency domain to a minimum to conserve measurement time. Minimizing the overall test time a common measurement method capable of handling all potential OTA related measurements, such as blocking, unwanted emission and pattern characterizations are desirable, but unfortunately not practically possibly.  

To finally determine OTA measurement method it is vital to consider the measurement accuracy associated to the figure of merit related to a certain requirement.
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