- 2 -
1A/18-E
	Radiocommunication Study Groups
	[bookmark: ditulogo][image: ]

	
	

	
	

	[bookmark: recibido][bookmark: dnum]Received:	22 May 2012
	Document 1A/18-E

	[bookmark: ddate]
	22 May 2012

	[bookmark: dorlang]
	English only

	[bookmark: dsource][bookmark: _GoBack]Germany (Federal Republic of), United Kingdom of
Great Britain and Northern Ireland

	[bookmark: drec]on the Characterisation of the unwanted emissions
In the spurious domain

	[bookmark: dtitle1]


[bookmark: dbreak]1	Introduction
The limits of the unwanted emissions are important parameters in the standardisation of radio systems and for the estimation of the compatibility between different radio systems operating in adjacent frequency ranges. The unwanted emissions are classified into two domains: the OOB and spurious domains. In this contribution only the spurious domain is addressed.
The definitions for unwanted emissions and their limits are provided in Section 2. The regulatory limits are defined to address a maximum allowed unwanted emission and these maximum allowed limits are considered to be the norm when carrying out compatibility analysis. 
In recent studies the limits for Spurious Emissions have been misinterpreted when used in various sharing and compatibility studies. This may be because the contributors have assumed that the spurious emissions are noise like interference which result in a straight line signal at or just below the spurious emission limit quoted in the regulations. This seems to be the case particularly for studies looking at the effect that mobile broadband services and consumer devices may have on adjacent services. However, the measured values of real radio equipment are considerably below these regulatory limits as illustrated in Section 3.
Although these limits are under constant review we believe that it is a suitable time to re-consider how these limits are presented. Advances in broadband technology have resulted in significantly different signal characteristics and mass produced chip sets for a global market. This may result in identical or similar digital filtering being used in a number of applications in other areas and this should be taken into account. 
Therefore taking into account the rapid development of technology and the growing demand for additional spectrum for the various services, it is necessary to consider whether the current characterisation of the unwanted emissions in the spurious domain is still the appropriate and adequate description to achieve the most efficient spectrum usage in the long-term. 


2	Definitions
The relevant definitions for unwanted emission and the spurious domain are contained in the Articles Nos. 1.144 to 1.146 of the Radio Regulations (RR) (see also Annex 1).
The related limits, bandwidths and measurement ranges are provided in Recommendation ITU-R SM.329. The relevant parts are extracted in Annex 2.
3	Examples of unwanted emissions in the spurious domain 
Some of the examples of measured unwanted emission shown in this section illustrate the spurious emissions in the band 2 700-3 100 MHz used for the radiodetermination service generated by mobile services in the bands below 2 690 MHz and in the 3.4 GHz band, and vice versa spurious emissions caused by a radar system operating in the 2 700-2 900 MHz band[footnoteRef:1]. Noting between the mobile service below 2690 MHz and radar above 2 700 MHz, there is 10 MHz allocated to Radio Astronomy, so that for compatibility studies between both services the unwanted emissions in the spurious domain are the relevant parameters. [1: 	See also ECC Report 174 on the ‘Compatibility between the mobile service in the band 2 500‑2 690 MHz and the radiodetermination service in the band 2 700-2 900 MHz’ published in 2012 by CEPT/ECC.] 

3.1	Broadband Services 
3.1.1	Mobile devices in 2.6 GHz band
The following Figures 1 and 2 shows a snapshot of conducted measurements of unwanted emissions for a production line 2.6 GHz LTE mobile service terminal with following characteristics:

Characteristics of the system measured
	Description
	2.6 GHz LTE User Station

	Declared Output Power:
	23 dBm Conducted

	Tx Frequency Range:
	2 500 to 2 570 MHz

	System Bandwidths Tested:
	20 MHz and 5 MHz





•	Figure 1: – UE 2.6 GHz LTE production device – conducted emissions 20 MHz 
Looking at in radar band spurious emissions (to the right of 1st red marker line), spurious emission limit is -30 dBm, figure shows worst case measurement in spurious domain approx. -85 dBm/MHz.
Figure 1 
Emissions in radar frequency band (between red markers) – for 20 MHz 
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•	Figure 2: – UE 2.6 GHz LTE production device – conducted emissions 5 MHz 
Looking at in radar band spurious emissions (to the right of 1st red marker line), spurious emission limit is -30 dBm, figure shows worst case measurement in spurious domain approx. -85 dBm/MHz.
Figure 2
UE - Emissions in radar frequency band (between red markers) - 5 MHz 



3.1.2	Mobile/Fixed devices in the 3.4 GHz band
The following Figure shows conducted measurements of unwanted emissions for a production line 3.4 GHz WiMAX terminal with following characteristics:

Characteristics of the system measured
	Description 
	3.4 GHz WiMAX User Station

	Declared Output Power:
	27 dBm/10 MHz

	Tx Frequency Range
	3 600 MHz to 3 800 MHz

	System bandwidth tested 
	10 MHz



•	Figure 3 – production device – conducted emissions 10 MHz
Looking at in radar band spurious emissions (to the right of red marker line), spurious emission limit is -30 dBm, figure shows worst case measurement in spurious domain approx. -70 dBm/MHz
Figure 3
UE 3.4 GHz WiMAX - Emissions in radar frequency band 
(between red markers) - 10 MHz



3.1.3	RLAN devices in the 2.4 GHz band
The following Figure shows conducted measurements of unwanted emissions for a production line 2.4 GHz RLAN terminal with following characteristics:

Characteristics of a 2.4 GHz RLAN Access Point
	Description
	2.4 GHz RLAN Access Point

	Declared Output Power:
	20 dBm

	Tx Frequency Range
	2 400–2 483 MHz

	System Bandwidth
	20 MHz


•	Figure 4 – Production device – conducted emissions
Looking across the 2 700-3 100 MHz radar band spurious domain, spurious emission limit is ‑30 dBm, figure shows worst case measurement in spurious domain approx. - 65 dBm/MHz.
[bookmark: _Ref304912182]Figure 4
2.4 GHz AP Emissions in radar frequency band (between red markers) - 20 MHz


The limit for unwanted emission in the spurious domain for the mobile service is -30 dBm/MHz. This limit is met over the whole frequency range for radar systems (2 700-3 100 MHz).
It can be noted from Figures 1 to 4 that the real spurious emissions for different production model broadband technologies operating around the radar frequency ranges 2 700–3 100 MHz are far below the -30 dBm/MHz limit. The noise floor measured for these devices in the radar services band 2 700–3 100 MHz varies between approx. -65 to -85 dBm/MHz, which is 35 to 55 dB below the spurious limit for the band


3.2	Radiodetermination
This example shows the unwanted emission of an air traffic control radar system with two centre frequencies of 2 765 & 2 885 MHz. The maximum signals are normalized to 0 dBm/MHz. Typical power levels of such radars are in the order of 56 to 60 dBW and the antenna gain is in the range of 30 to 45 dBi. 
The unwanted emission limit for this type of radar is -60 dBc (marked red). A few spikes reach this limit. The noise floor is about 40 dB below.
Figure 5
Unwanted emission of an air traffic control radar system
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4	Discussion
The measured examples in Section 3 have illustrated that the signal in the spurious domains can be generally characterised by
•	Narrowband sporadic spikes normally characterised as spurious emissions and
•	A generic noise floor or reference level that the majority of the unwanted emissions from equipment would not normally exceed.
For the mobile service, the noise floor in the selected examples between 2 700-3 100 MHz is up to 55 dB below the regulatory limit of -30 dBm/MHz. A similar large difference is found for radar.
The limits provided in the Recommendation ITU-R SM.329 differ between the various radio services significantly. Taking this example of a radar system with a calculated absolute limit of about 70 dBm/MHz (transmit power + antenna gain – relative limit of 60 dBc) and the example of the mobile service with the absolute limit of -30 dBm/MHz, the difference would be about 100 dB.


Referring only to the signal floor, the mutual impact to the adjacent systems would be up to 40 dB better than when applying the spurious limits. Another observation is that the spikes that characterise normal spurious emissions are very narrow compared to the transmit bandwidth of the equipment being measured.
Whereas the noise floor of the measured services in the spurious domain is nearly independent of the frequency offset. It is also obvious that the larger the frequency offset is, the smaller the impact of the spikes (from harmonics) will be and the magnitude of the spikes is dependent on the service and technology used, in particular on the filter in the output circuit and the method of generation of the intended signal. 
This indicates that if a certain chip set and filtering design dominates mass produced consumer devices that all use the same frequency range then there may be a situation where interference from any spikes in the spurious domain may be accentuated at a certain frequency. This may result in localised interference at that frequency if there is a high concentration of these consumer devices operating in close proximity to an affected service.
5	Proposal
The definitions and descriptions for unwanted emissions in the spurious domain (see Annexes 1 and 2) are mainly based on analogue technologies which are and were very sensitive to spikes especially in the frequency domain. New digital, broadband technologies could deal with this type of interference (narrow frequency domain spikes) more easily. For example, only a very small number of sub-carriers may be impaired in an OFDM system. 
Therefore, consideration should be given to the current characterisation of unwanted emission and its continuing adequacy, or is there a need for a more detailed characterisation to enable more efficient spectrum usage in the future? For example, the unwanted emission in the spurious domain could be characterised by two different limits, one for narrow frequency domain spikes like harmonics and one for the generic noise floor or reference baseline level which would be significantly lower when measured over a much wider bandwidth. 
Further careful studies are needed before implementing any changes to the current regime as implementing a new regime will impact significantly the methods used in sharing and compatibility analysis. There will also be impacts on both the methodologies used and the framework used for setting the requirements and measurement techniques used in standards. 
It is not intended to relax the unwanted limits but to use the spectrum in a more efficient way in the spurious domain. Following activities may be considered:
•	General discussion on whether this issue should be addressed within WP1A in more detail in the long-term.
•	If yes, to study the susceptibility of the various technologies, in particular digital, against frequency domain spikes in liaison with the service SGs.
•	If yes, further studies of the regulatory impact on the long-term change of the description of unwanted emission in the spurious domain.
•	….


Annex 1
Definitions in the Radio Regulations

1.144		out-of-band emission:  Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions.
1.145		spurious emission:  Emission on a frequency or frequencies which are outside the necessary bandwidth and the level of which may be reduced without affecting the corresponding transmission of information. Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and frequency conversion products, but exclude out-of-band emissions.
1.146		unwanted emissions:  Consist of spurious emissions and out-of-band emissions.
1.146A		out-of-band domain (of an emission):  The frequency range, immediately outside the necessary bandwidth but excluding the spurious domain, in which out-of-band emissions generally predominate. Out-of-band emissions, defined based on their source, occur in the out-of-band domain and, to a lesser extent, in the spurious domain. Spurious emissions likewise may occur in the out-of-band domain as well as in the spurious domain.     (WRC-03)
1.146B		spurious domain (of an emission):  The frequency range beyond the out-of-band domain in which spurious emissions generally predominate.     (WRC-03)
1.152		necessary bandwidth:  For a given class of emission, the width of the frequency band which is just sufficient to ensure the transmission of information at the rate and with the quality required under specified conditions.


Annex 2
Definitions in the Recommendation ITU-R SM.329

•	Categories of spurious domain emission limits defined in Recommendation ITU-R SM.329

	Category A
	Category A limits are the attenuation values used to calculate maximum permitted spurious domain emission power levels. RR Appendix 3 is derived from Category A limits. These limits are given in § 4.2.

	Category B
	Category B limits are an example of more stringent spurious domain emission limits than Category A limits. They are based on limits defined and adopted in Europe and used by some other countries. These limits are given in § 4.3.

	Category C
	Category C limits are an example of more stringent spurious domain emission limits than Category A limits. They are based on limits defined and adopted in the United States of America and Canada and used by some other countries. These limits are given in § 4.4.

	Category D
	Category D limits are an example of more stringent spurious domain emission limits than Category A limits. They are based on limits defined and adopted in Japan and used by some other countries. These limits are given in § 4.5.

	Category Z
	Radiation limits for ITE specified by the International Special Committee on Radio Interference (CISPR). These limits are given in § 4.6.


•	Application of the limits
2.3	According to the principles stated in Appendix 3 to the RR, the spurious domain generally consists of frequencies separated from the centre frequency of the emission by 250% or more of the necessary bandwidth of the emission. However, this frequency separation may be dependent on the type of modulation used, the maximum bit rate in the case of digital modulation, the type of transmitter, and frequency coordination factors. For example, in the case of some digital, broadband or pulse-modulated systems, the frequency separation may need to differ from the 250% factor. As the RR forbids any radio service to cause harmful interference outside its allocated band, transmitter frequencies should be determined so that out-of-band emissions do not cause harmful interference outside the allocated band in accordance with RR No. 4.5.
•	Frequency range for measurement of unwanted emissions

	Fundamental 
frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit
(The test should include the entire harmonic
band and not be truncated at the precise
upper frequency limit stated)

	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


•	Recommended reference bandwidths
A reference bandwidth is a bandwidth in which spurious domain emission levels are specified. The following reference bandwidths are recommended:
–	1 kHz between 9 and 150 kHz;
–	10 kHz between 150 kHz and 30 MHz;
–	100 kHz between 30 MHz and 1 GHz;
–	1 MHz above 1 GHz.
As a special case, the reference bandwidth of all space service spurious domain emissions should be 4 kHz.


_____________
Chart Normalised Results
Spurious Emisisons at Maximum Power within the S-Band - Top Channel - 5MHz
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Amplitude (dBm/1MHz)


Spurious Emisisons at Maximum Power within the S-Band - Close Up - Top Channel +20MHz
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Amplitude (dBm/1MHz)
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