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1. Introduction

At last RAN4 meeting in Nanjing (RAN4#79) contribution on how to measure unwanted emission was presented [1]. 
This contribution continues the discussion on how to define RF core requirements and conformance test requirements for unwanted emissions in the radiated domain. As a starting point current conducted requirements for unwanted emission have been collected. Some reflections to consider moving the requirements to far-field are presented. 
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.
As input for developing radiated equivalents to current conducted unwanted emission requirements in TS 37.105 [4] all requirements part of unwanted emissions is collected and briefly described below:

1. Occupied bandwidth
The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage of the total mean transmitted power as described in ITU-R SM.328 [3]. The occupied bandwidth requirement applies during the transmitter ON period for a single transmitted carrier. 

2. Adjacent Channel Leakage Ratio (ACLR)

Adjacent Channel Leakage power Ratio (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. 

3. Spectrum emission mask

The spectrum emission mask defines an absolute emission limit as function of distance from the carrier. 

4. 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.

5. Spurious emission

The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, 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. 

In Table 2-1 all unwanted emission requirements stated in 37.105 are summarized.
Table 2-1: Unwanted emission requirement summary
	Requirement
	Limit range [dBm/Hz]
	Frequeny range
	Note

	Occupied bandwidth
	N/A
	Carrier
	

	Adjacent Channel Leakage Ratio
	-70
	Close to carrier
	Assuming, 20W output power and 5MHz carrier

	Spectrum emission mask
	-73 to -58
	Close to carrier
	

	Operating band unwanted emission
	-75 to -58
	Within the band
	

	Spurious emission
	-146 to -43
	9 kHz to 12.75 GHz
	The low limit is set by protection of co-located BS operating in other band


Developing radiated requirements for unwanted emission, it is clear that radiated unwanted emission will overlap with current radiated emission part of the EMC specification 37.114 [5]. 
Many challenges have been identified in the work related to developing OTA test methods for unwanted emission conformance test requirements. Radiated emission requirements will cover an extremely large frequency range, where for some frequency regions the emission thresholds are very low. On the other hand, moving the requirement for radiated unwanted emissions raises some new possibilities for the base station industry; e.g. EMC emission and traditional RF emission will coincide and can be handled as one common requirement reducing overall testing. Creating requirement coverage in the radiated domain for unwanted emission equivalent to what is defined in TS 37.105 requires careful consideration of some aspects;
1. Frequency range

The very large frequency range for which the OTA unwanted emission requirement is supposed to cover must be considered carefully. 

Traditionally the conducted spurious emission requirements cover a very wide frequency range from 9 kHz to 12.75 GHz. Meanwhile the requirement for radiated emission for base stations in 37.113, sub-clause 8.2.1 is defined in the frequency range 30 MHz to 12.75 GHz. The justification for this can be found in ITU-R recommendation [2], quote; 

Limits on spurious domain emissions for radio equipment’s are considered here to be applicable to the 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 1, are normally recommended.

As a result the radiated emission requirement part of the EMC specification starts at 30 MHz. For very low frequencies it is not possible to meet the far-field criteria. In the other end of the frequency range the path loss in the test range will be a limiting factor.
2. Emission limits

Emission limits to be defined over the considered wide frequency range part of the requirements varies considerably, see Table 2-1. In some parts of the frequency range the requirements allow for very low levels of emission to pass the requirement. Hence, a challenge is to be able to measure down to these very low levels maintaining the measurement uncertainty. Then path loss and test range antenna gain become important factors. The path loss can be minimized as much as possible, while at the same time the far-field criteria must be fulfilled.
Also worth to mention is that emission levels in TS 37.105 allows for 9 dB higher emission, which makes detection feasibly.   

3. Requirement overlap

Today EMC requirements are defined as ERP (closely related to EIRP) while proposed OTA requirements for unwanted emission is based on TRP. For emission, where the spatial properties are supposed to be low directive, it should be studied if TRP can be measure using a reduced sampling grid. How to calculate TRP based on a reduced sampling grid is presented in a companion contribution [6]. Also the emission levels foreseen for co-location requirements are much lower than current EMC emission level, which suggests that EMC emission testing as it is cannot be used. 

Moving requirement to the OTA domain in general means that test time and complexity are important factors to consider. It is not clear why ACLR and spectrum mask requirements needs to be defined, since they both captures the same characteristics of the transmitter. A requirement consolidation is needed before creating equivalent OTA version of current requirements. 
Intra-system transmitter intermodulation is captured in Release 13 for AAS BS, by extending the conducted requirement for transmitter intermodulation. For release 14, this requirement can be merged with OBUE if proper test models are selected in conformance testing.

Independent of the outcome it is reasonable to believe that there is not only one test method capable of handling very low frequencies in the range 9 kHz - 30 MHz up to very high frequencies around 5th harmonics of the operating frequency. At the moment no OTA test method is capable of meeting criteria’s on frequency range, measurement uncertainty, dynamic range, high RF power capability, test facility investment cost and test time. It is more reasonable to believe that multiple test methods are requirement to capture unwanted emission. For unwanted requirements defined in frequency ranges close to the operating carrier, such as ACLR and spectrum mask it is reasonable to believe that facilities such as CATR (used for radiated transit power and OTA sensitivity) can be used. For requirements related to spurious emission at frequencies far away from the operating frequency dedicated test facilities is needed. For requirements related to protection of co-located base station yet another test method is needed, where the path loss is minimized. A potential candidate is presented in a companion contribution [7].
For all OTA measurement method introduced for capturing unwanted emission a measurement uncertainty evaluation (like the one for radiated power) should be conducted. The knowledge of the measurement uncertainty will then be used as input for determining the test tolerance. Unlike conducted emission, it is reasonable to believe that a non-zero test tolerance is required for OTA testing of unwanted emissions. 

3. Conclusion

This contribution presents a summary of requirements to be defined in the OTA domain to capture unwanted emission together with important considerations to think about during the process of developing radiated requirement for unwanted emission.
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