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1. Introduction

This contribution elaborates on how to define radiated RF core requirements and associated test methods for unwanted emissions for AAS base stations. In a contribution [1] presented at last meeting in Mexico (RAN478bis), the discussion on potential radiated requirement and associated test methods started.  
2. Discussion

Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to ITU definitions [2]. In ITU terminology, out of band emissions are unwanted emissions immediately outside the channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions. 
For E-UTRA single RAT BS and MSR BS, the out-of-band emissions requirement for the BS transmitter is specified in terms of an operating band unwanted emissions requirement that defines limits for emissions in each supported downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below each band. Emissions outside of this frequency range are limited by a spurious emissions requirement. For UTRA single RAT AAS BS, the out of band emission requirement for BS transmitter is specified in terms of spectrum emission mask. There is in addition an ACLR requirement.
In TS 37.105, currently there are conducted requirements for transmitter unwanted emissions in sub-clause 6.6. The requirements can be briefly described as: 
1. Adjacent Channel Leakage Ratio (ACLR) in sub-clause 6.6.3. This is a relative requirement with respect to the carrier power.
2. Spectrum emission mask in sub-clause in sub-clause 6.6.4.
3. Operating band unwanted emission (OBUE) in sub-clause 6.6.5. This requirement is defined as an absolute anchored spectrum emission mask. 
4. Spurious emission in sub-clause 6.6.6. The general requirement is split in Category A and Category B emission levels. Additional requirement for co-existence and co-location.
5. Transmitter intermodulation in sub-clause 6.7. This requirements captures reverse intermodulation caused emission due to co-location and intra-system antenna leakage caused emission. The requirement states that above listed emission levels shall be maintained under influence of an interference signal. 
The unwanted emission requirements spans over a frequency range from 9 kHz to 12.75 GHz, where some requirements are defined within or close the operating band, while other is defined in the out-of-band region. From a testing perspective the most stringent requirement is spurious emission for co-located base stations. For wide area base station the maximum allowed spurious emission within other UL bands is -98 dBm/100 kHz.
Unwanted emission requirements can be divided into three main groups;
1. In-band unwanted emission; ACLR, Spectrum mask and OBUE

2. Out-of-band unwanted emission; Spurious emission

3. In-band and out-of-band emission; Transmitter intermodulation 
From an OTA testing perspective different types of test methods may be required to capture the whole frequency range from 9 kHz to 12.75 GHz. The region between 9 kHz to 30 MHz is very difficult to handle due to relation between the wavelength and size of the test object. It could be questioned if the requirement is relevant in this frequency range. Starting at 30 MHz up to where the first co-location spurious emission requirements are defined (approximately at 450 MHz) a test method similar to the test method used for EMC emission testing according to TS 37.113, sub-clause 8.2 can be used. It should be noted that the test facility in this case must be capable of handle the base station transmitted power, since the antenna will be mounted. Since the test framework for EMC testing may require modifications this method is referred to as modified EMC emission testing.
In regions covering other 3GPP bands then the supported band(s) unwanted emission testing can be conducted using a shielded anechoic chamber (SAC). In this chamber the propagation loss is minimized to be able to capture emission levels associated to co-location spurious emission requirements. For in-band testing of unwanted emission the direct far-field or CATR test method used for testing radiated transmit power and OTA sensitivity can be used. In Figure 2-1, all test methods required to capture the full frequency range associated to unwanted emission.
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Figure 2-1: Frequency range 
As stated in [2] limits on spurious emissions for radio equipment’s are considered here to be applicable to the frequency range 9 kHz to 300 GHz. However, for practical measurement purposes only, the frequency range of the spurious domain may be restricted. As guidance for practical purposes, the following frequency ranges of measurement, as given in Table 2-1, are normally recommended. 
Table 2-1: Frequency range for measurement of unwanted emissions
	Fundamental frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit

	9 kHz – 100 MHz
	9 kHz
	1 GHz

	100 MHz – 300 MHz
	9 kHz
	10th harmonic

	300 MHz – 600 MHz
	30 MHz
	3 GHz

	600 MHz – 5.2 GHz
	30 MHz
	5th harmonic

	5.2 GHz – 13 GHz
	30 MHz
	26 GHz

	13 GHz – 150 GHz
	30 MHz
	2nd harmonic

	150 GHz – 300 GHz
	30 MHz
	300 GHz


Moving unwanted emission requirements to the OTA domain the full set of radiated emission requirements consists of:
1. EMC radiated emission, with antenna mounted

2. Radiated unwanted emission

In the described scenario it is clear that unwanted emission and EMC requirements must be consolidated to minimize the overall test scope. 
Traditionally, when EMC radiated emission is tested the figure of merit is EIRP. The EIRP is measured for a few horizontal cuts for two orthogonal polarizations. The requirement is met when the maximum measured EIRP is less than stated emission level. However for testing emission related to AAS base stations measurement vertical measurement cuts may also be required. The concept of just test a few cuts with coarse sampling grid may result in large measurement uncertainty. 
Traditionally the test tolerance is set to zero for spurious emission, this means that according to the shared risk principle the requirement could be set more stringent allowing for an ono zero test tolerance to be introduced. 

A collection of opportunities and challenges related to measure TRP unwanted emission have been created in this contribution. There are a few topics of interest developing a test method for OTA unwanted emission:
1. Dynamic range of measurement receiver
2. Frequency range
3. Free-space path loss
4. Transmit signal enabled in chamber
5. TRP as figure of merit

6. Test tolerance

2.1
Dynamic range of measurement receiver

Too protect the measurement receiver from being overloading or damaged sharp band stop filter must be place between the probe antenna and the measurement receiver. Without filter the dynamic range of the measurement receiver must handle both the transmitter signal and unwanted emissions signals, which set unrealistic requirements on dynamic range on the measurement receiver. 
The concept of using stop band filters is traditionally used when conducted unwanted emission is tested. 
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Figure 2-2: Link budget for emission
The propagation loss L, range antenna gain Grange, range antenna feed loss L1 and measurement receiver noise level No must be balanced to be able to measure EIRPem with acceptable measurement uncertainty. The SNRmeas will directly determine the measurement uncertainty. 

The principle link budget calculation is applicable for both a shielded anechoic chamber or a reverberation chamber based approach. The parameters in the link budget must be chosen with great care since it is expected that emission levels will be very low in the out-of-band region. 
2.2
Frequency range

Currently, the conducted unwanted emission requirements in TS 37.105 are specified from 9kHz to 12.75 GHz. From test perspective it is very difficult to perform OTA testing at very low frequencies. In [2] ITU/R recommends starting at 30 MHz for operating carrier frequencies of interest. The upper limit is set to 5th harmonic. As showed in Figure 2-1, the frequency band can be divided in to different regions, with different types of requirements. Outside the frequency range where co-location requirements are applicable a modified EMC camber could be used, but where co-location requirements apply, the path loss must be minimized to be able to detect the specified emission levels. Minimizing the path-loss requires a more generic test approach then used for traditional EMC emission testing.

For military equipment test methods for capturing unwanted emission down to 30 Hz have been developed [3]. The described test methods is based on measuring the magnetic flow using a test coil and then convert the magnetic flow to the equivalent field strength.
2.3
Free-space path loss

The propagation loss associated to a OTA test method is together with the sensitivity of the measurement receiver determine the lowest possible emission signal level that can be detected. In a shielded anechoic chamber the free space propagation loss is determined by the wave length as:
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, where Gt and Gr are the antenna gains (with respect to an isotropic radiator) of the transmitting and receiving antennas respectively,  is the wavelength, and R is the distance between the antennas.
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Figure 2-3: Free-space path loss, assuming Gt=Gr=0 dBi
2.4 Transmit signal enabled in chamber
High output transmit power may cause noise rise due to passive intermodulation (PIM) effects derived from metal object inside the chamber, such as the positioner, chamber shielding. Also the transmitted power must be absorbed in the absorption material in a controlled fashion without harmful temperature rise.
2.5 TRP as figure of merit
As mentioned in [4], total radiated power (TRP) seems to be the relevant figure of merit for unwanted emissions requirements. TRP is theoretically defined as the total power integrated over all spatial angles. From testing perspective, TRP opens up some interesting opportunities since new test methodologies can be used, e.g. reverberation chamber (RC). 
2.5.1
Reverberation chamber

An electromagnetic reverberation chamber also known as mode stirred chamber is an environment for electromagnetic compatibility testing or antenna testing. 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 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 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. Measuring unwanted emission in this environment directly gives TRP as figure of merit. The TRP is calculated from Rayleigh faded samples of the total power transmitted from the test object. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power generated by the test object for a discrete number of field combinations in the chamber. The average value of these statistically distributed samples is proportional to the TRP and by calibrating the average power transfer function, an absolute value of the TRP can be obtained as:
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Where Pref,n is the reference power transfer function for fixed measurement antenna n, Rn is the reflection coefficient for fixed measurement antenna n and Cn is the path loss in the cable connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement, which as in detail described in TS 34.114, Annex B.2.2. Pn is the average power measured by fixed measurement antenna n and can be calculated using the following expression:
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Where S21,n,m is sample number m of the complex transfer function measured with fixed measurement antenna n and M is the total number of sample measured for each fixed measurement antenna.

2.5.2
Anechoic chamber

In anechoic chamber (AC) the TRP is measured by sampling the spatial domain in a grid over the sphere as:
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The grid resolution will directly determine the measurement uncertainty. It is clear that TRP is created from a set of EIRP measurements. To measure EIRP, the test range must be calibrated per each polarization.

2.5.3
Other
A third way of capturing the TRP could possibly be to use concepts where a probe antenna is mounted on the test object. The probe de-couples the signal of interest from the test object. Further studies are required to validate that this method works for unwanted emission with respect to the large frequency range. Also, studies are required regarding the calibration of such a test method with respect to polarization and directivity aspects. The outcome must show that TRP is really measured.
2.6 Test tolerance
According to 3GPP ways of defining RF core requirements and corresponding conformance test requirements, minimum requirements given in the RF core specification make no allowance for measurement uncertainty, following the guidance in sub-clause 4.2 in TS 37.105. The measurement results retuned by the test system are compared, without any modifications, against the test requirements as defined by the shared risk principle defined in ITU-R M.1545 [5]. To capture uncertainties related to a specific test method, Test Tolerances (TT) are introduced. The test tolerances relax the minimum RF core requirements, by adding the test tolerance to the RF core requirement level. In the case that the requirement is defined as an accuracy interval the test tolerance is added on both sides. According to 3GPP principles for some requirements, including regulatory requirements, the test tolerance is set to zero.

To be able to establish an acceptable test tolerance for a requirement measurement uncertainties for relevant OTA test methods must be estimated and evaluated. When an acceptable measurement uncertainty is establish test tolerance can be determined. The agreed framework for establishing measurement uncertainties for in-band requirements can be adopted for unwanted emission requirements. 

To be able to determine a test tolerance for a specific requirement, measurement uncertainties should be given using 2 which is equivalent to 95 % confidence level. The measurement uncertainty related to different measurement methods can be compared and a matched to a common test tolerance per requirement.

These test tolerances are individually calculated for each requirement. The test tolerances are used to relax the minimum requirements to create test requirements. The accepted measurement uncertainty should be matched with the test tolerance. Otherwise the shared risk principle will not work as intended.

Even though unwanted emission requirements are traditionally using zero test tolerances for conducted requirements it is reasonable to introduce non-zero test tolerances for the equivalent OTA requirements.
3. Conclusion

This contribution collects some relevant information to be considered when radiated RF core requirements for unwanted emission and associated conformance test requirements are developed. It is clear that there are no one single test method to be adopted for the whole frequency range. However, there are possibilities to adopt similar approached used for EMC emission testing for some parts of the frequency range. For other parts of the frequency range new methods are required, such as the Shielded Anechoic Chamber. For in-band performance it is reasonable to re-use the CATR used for radiated transmit power and OTA sensitivity.  
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