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1. Introduction

At last RAN4 meeting in Spokane (RAN4#82bis) testability of OTA unwanted emission requirements for AAS base stations developed in the eAAS WI was discussed [1]. OTA emission limits part of unwanted emission requirements will be established based on TRP. There are many aspects to consider regarding OTA emission measurements as the capability of relevant test methods, such as dynamic range, spatial sampling and frequency support.  

Until, now there has been discussion on the following topics:

1. Measurement distance needed to maintain the far-field criteria and the impact on minimum detectable signal level.
2. Sampling grid resolution for different requirements.

3. The very large frequency range for OTA unwanted emission, 30 MHz – 5th harmonic.

All of these aspects are relevant and needs careful consideration when test methods for OTA unwanted emission is defined. 
This intension with this contribution is to summarize all emission requirement and discuss around some potential candidate test methods emission requirements. 
2. Discussion

Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to ITU-R 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 emission. Spurious emission are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation and frequency conversion products, but exclude out-of-band emissions.

For E-UTRA single RAT base stations and MSR base stations, the out-of-band emissions requirement for the base station transmitter is specified in terms of an Operating Band Unwanted Emissions (OBUE) 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 base stations, the out of band emission requirement for base station transmitter is specified in terms of spectrum emission mask.

2.1 Overview of emission requirements

As input for developing radiated equivalents to current conducted unwanted emission requirements in TS 37.105, sub-clause 6.6 all requirements part of unwanted emissions is collected and briefly described below:
1. Adjacent Channel Leakage Ratio (ACLR)
ACLR is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. Also, there is an absolute limit on emission for ACLR

2. Spectrum emission mask
The spectrum emission mask defines an absolute emission limit as function of distance from the carrier. This requirement is relevant for UTRA.
3. Operating band unwanted emission
Unless otherwise stated, for E-UTRA single band and MSR the operating band unwanted emission limits are defined from 10 MHz below the lowest frequency of each supported downlink operating band to the lower base station RF bandwidth and from the upper base station RF bandwidth edge up to 10 MHz above the highest frequency of each supported downlink operating band.

4. Spurious emission

The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz (Higher for some new high bands), excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. For some operating bands the upper frequency limit is higher than 12.75 GHz. Different requirement limits for general, co-existence and co-location requirements are defined.
Also, other requirements such as TDD OFF power and receiver spurious emission needs proper test methods. OTA emission levels have been derived as reference for further discussion related to fid proper test methods. The assumptions for the derived OTA levels is based on agreed figure of merit (FoM) for each requirement. Also, it is assumed but not yet agreed to set TRP levels corresponding to current conducted level with scaling factor set to 1 for simplicity, even though fixed scaling of 4 or 8 times is agreed for OTA requirements in [3]. 
In Table 2-1 a collection of emission requirements for wide area base stations from TS 37.105 is collected. The levels in Table 2-1, is preliminary and should just be used as background for finding the dynamic in terms of detectable levels to be supported in an OTA test range.
Table 2-1: Preliminary  OTA unwanted emission requirement limits
	Requirement
	
	FoM
	Limit 
	Frequency range

	TDD OFF
	Absolute
	FFS
	[-80 dBm/MHz]
	DL

	ACLR
	Relative
	TRP
	45 dB
	Neighboring channel

	
	Absolute
	
	Cat. A -13 dBm/MHz

Cat. B -15 dBm/MHz 
	

	OBUE
	Absolute
	TRP


	-14 dBm/30kHz
	

	
	
	
	-14 dBm/30kHz -
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	-26 dBm/30kHz
	

	
	
	
	-13 dBm/1MHz
	

	
	
	
	-15 dBm/MHz
	

	Transmitter spurious emission
	General
	TRP
	Cat. A -13 dBm/100kHz

Cat. B -36 dBm/100kHz
	30 MHz – 1 GHz

	
	
	TRP
	Cat. A -13 dBm/MHz

Cat. B -30 dBm/MHz
	1 GHz – 12.75 GHz

	
	
	TRP
	Cat. A -13 dBm/MHz

Cat. B -30 dBm/Hz
	12.75 GHz – 5th harmonic

	
	Protection of BS RX
	FFS
	-96 dBm/100kHz
	FUL_low  – FUL_high

	
	Co-existence
	TRP
	-52 dBm/MHz
	Within 3GPP bands (DL and UL)

	
	Co-location
	Proximity probe
	-98 dBm/100kHz
	UL 

	Transmitter intermodulation
	Absolute/Relative
	Proximity probe
	ACLR, OBUE and transmitter spurious emission
	See above

	Receiver spurious emission
	Absolute
	TRP
	-57 dBm/100kHz
	30 MHz – 1 GHz

	
	
	
	-47 dBm/MHz
	1 GHz – 12.75 GHz

	
	
	
	-47 dBm/MHz
	12.75 GHz – 5th harmonic


It is clear from overview that emission requirements vary in emission power density over frequency from -13 dBm/MHz to -98 dBm/100kHz between 30 MHz to 5th harmonic of supported highest carrier frequency. The large frequency range and also the variation in emission level to be detected with guarantied measurement uncertainty will be a challenge for the base station manufacturers. 
For some requirements a new concept using a proximity antenna is used. The proximity antenna concept for co-location requirements is handled in a companion contribution [6].
The new requirements; radiated transmit power and OTA sensitivity introduced for AAS base stations in 3GPP release 13, introduced OTA test methods for base station conformance testing. The test methods and corresponding measurement uncertainty evaluation is documented in TR 37.842, clause 10. However, for emission testing new OTA test methods and procedures are required. 

Observation:

AAS BS OTA unwanted emission and other OTA emission related requirements require new OTA test methods to be described in terms of procedure and measurement uncertainty.

Fortunately, there are some interesting candidates for OTA emission testing to be considered for AAS base stations. In the searching for suitable methods, the following methods have been identified:
1. Radiated EMC emission test method
2. Reverberation chamber test method

3. A generalized TRP emission test method

4. Already established test methods 

Is seems that currently, there are no single test method capable of all OTA emission requirement relevant for an AAS base station. In Figure 2-2, different combination of test methods covering the emission frequency domain is exemplified as multiple alternatives. 
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Figure 2-2: Applicable test methods for OTA unwanted emission

2.1
EMC radiated emission test chamber
Traditional EMC testing of radiated emission specified in 37.114 is conducted in a semi-anechoic chamber. Where the walls are covered with absorption material, but not the floor and roof. This approach works for single cut measurements, which is the foundation of radiated EMC testing. The test object is placed on a turn table. EIRP samples is measured while the test object is rotated. By changing position of the test object horizontal and vertical cuts with respect of the test object can be measured. The measurement distance is fixed to e.g. 1 m, 3 m or 10 m. A fixed measurement distance works for emissions that are spatially white, securing the far-field criteria to be fulfilled. 
The current EMC emission requirement is defined from 30 MHz up to 12.75 GHz. Studies shows that he tests methodology is capable of measuring higher frequencies. 

The EMC test framework needs extensions to handle test object where the antenna ports can’t be terminated, which is discussed further in companion contributions related to EMC within the context of eAAS. 

2.2
Reverberation chamber 
An electromagnetic reverberation chamber (RC) 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 summed from many Rayleigh faded samples of the radiated power 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.

The RC methodology in general may reach down to the lower emission limit of 30 MHz. Also, the dynamic measurement range needed for emission testing needs further investigation for test object generating wanted signal power of a typical wide area base station. 

2.3
A generalized test method for radiated emission 
For AAS base stations, where the antenna can’t be removed and antenna ports terminated the emission will be a sum of both traditional RF spurious emission going through the antenna and radiated EMC emission radiating through the encapsulation. A test method capable of measuring emissions that could be beam-forming is required. The beam-forming aspects, the frequency range needed to capture all emission requirements and capability to measure very low levels require a new test method to be defined.
The test method to be described can be seen as an extension of the method used for traditional EMC testing. The measurement distance issue is solved by allowing both far-field and near-field testing. Also, the measurement grid is different over frequency to conserve test time. A fully description is presented in a companion contrition [5].

2.4
Methods using for in-band measurements

Unwanted emission in-band would preferable be tested in a far-field environment (e.g. CATR) at the same time as other in-band requirements, such as radiated transmit power and OTA sensitivity. Link budget calculation and measurement shows that ACLR and OBUE can be tested using already established test methods in TR 37.842, clause 10. However, a measurement uncertainty evaluation per requirement and test method is still needed. 
Observation:

It is clear that unwanted emission can’t be captured using one single test method. The RAN4 conformance test specification must allow for multiple test methods to capture all unwanted emission requirements

3. Conclusion

This contribution presents a summary of emission requirement to be considered for the eAAS WI work effort to develop OTA equivalents. The summary includes all emission requirement such as transmitter unwanted emission and receiver spurious emission and TDD OFF power. From the summary it can be conclude that emission requirements puts similar demands on OTA test methods in terms of frequency range support and dynamic range support. 
It is clear that a scenario with multiple test methods may be required for OTA emission requirements. 

Test methods like the method used for EMC radiated emission with extensions and reverberation chamber will play important roles as candidates for suitable test methods for emissions. Therefore, the structure of TR 37.843, sub-clause 10 and also the updated TS 37.145 needs to support that.
Observation 1:

AAS BS OTA unwanted emission and other OTA emission related requirements require new OTA test methods to be described in terms of procedure and measurement uncertainty.

Observation 2:

It is clear that unwanted emission can’t be captured using one single test method. The RAN4 conformance test specification must allow for multiple test methods to capture all unwanted emission requirements
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