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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 or the same frequency ranges. The unwanted emissions are classified into two domains the Out-of-Band (ITU-R SM.1541) and spurious domains (ERC REC 74-01, ITU-R SM.329). This report is addressing both domains the OoB and spurious with particular focus on the for extremely narrow band and wideband systems.
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 should be considered to be the reference when carrying out compatibility studies. But the assumed values will be derived more from the real emissions or measurements especially if digital systems are involved.
As there are more and more different services getting new allocations in the same frequency range, the compatibility between services in adjacent bands is getting more challenging. Therefore it is important to have more detailed description of the unwanted emission domain (both OoB and spurious) taking into account realistic equipment.  For this purpose the measurements of several types of equipment have been performed in order to review the characterisation of the unwanted emissions to achieve a more efficient use of the spectrum in long-term. The review includes considerations on the out-of-band and spurious domains as well as the boundary between them, taking into account the development of technology.
This report provides examples and analysis of measurements of unwanted emission domain of real equipment, including equipment employed in digital technologies.
The aim of this report is to compare the measured characteristics of real equipment with the existing regulatory limits and to propose modifications in cases where the discrepancies are significant. 

The definitions and descriptions for unwanted emissions in the spurious domain (see 2: Definitions from radio regulations) 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. [The measurements/content of this report may be used for the purpose of compatibility analysis of systems in operation within adjacent bands. – not valid for all measurements ]
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 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. 

 [This document presents results of measurements of various analogue and digital systems both in the OoB and spurious domains. It may serve to start a discussion on the current definitions of OoB and spurious limits given in the ITU Recommendations and standards, especially on the ways chosen to define these limits, because the properties of unwanted emissions from digital transmitters may be principally different from analogue ones]
2 Definitions from radio regulatons
	Term
	Definition

	out-of-band emission (1.144)
	Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions.

	spurious emission (1.145)  
	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.


	unwanted emissions (1.146)
	Consist of spurious emissions and out-of-band emissions.

	out-of-band domain (of an emission) (1.146A)
	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)

	
	

	spurious domain (of an emission) (1.146B)
	The frequency range beyond the out-of-band domain in which spurious emissions generally predominate.     (WRC-03)



	
	

	necessary bandwidth (1.152)
	For a given class of emission (RR 1.139), 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.

	Recommendation ITU-R SM.1541
	covers the unwanted emissions in the out-of-band (OoB) domain. It contains definitions of various terms used in the context of unwanted emissions, general OoB limits for many services and principally describes ways to measure conformance with the limits. OoB limits for many modern digital systems are not given, e. g. digital cellular systems, short range devices (SRD), personal communication systems (PCS).

	Recommendation ITU-R SM.329
	covers unwanted emissions in the spurious domain. It describes measurement methods and contains general limits.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


3 Definitions and units
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 2: Definitions from radio regulatons).

The related limits, bandwidths and measurement ranges are provided in Recommendation ITU-R SM.329. 
3.1 Discussion on how to  define unwanted emissions 

Unwanted emissions are split into two parts:

1) Out-Of-Band emissions

2) Spurious emissions

As presented in Annex 3 of this  ECC report, the boundary between OoB emission domain and spurious emission domain defined in ITU-R SM 329 and ECC Rec 74-01 is 250% of channel bandwidth. In some standards, this boundary is less than 250% of channel bandwidth, but in some other standard, it is specified as 250% of channel bandwidth.

In 3GPP specifications and ETSI standards for 3GPP specified technologies, OoB emissions are defined in two different ways:

a) Spectrum mask expressed in dBm as absolute OoB power level

b) ACLR (Adjacent Channel Leakage power Ratio) in dBc, relative to Tx power.

Spurious emissions defined in 3GPP specifications and ETSI standards for 3GPP technologies are in dBm, as absolute power level, tested under the condition of the maximum transmit power of base station and user equipment. 

But in some other standard, for example, Tetra standard defined in ETSI standard EN 300 392-2 or EN 300 394-1, unwanted emissions are defined in dBc, relative to the transmit power. 

For radar systems, ECC report 174 has given that both the radar out-of-band emissions and spurious emissions are relative levels in dBc, referring to ECC Rec 74-01. 

As a short summary, in some standards, both OoB emissions and spurious emissions are defined as relative levels in dBc, in some other standards, OoB emissions are specified in dBm and dBc, but spurious emissions are usually specified only in dBm, as absolute power levels.

It should be pointed out that both transmit power and unwanted emissions (OOB and spurious) are tested as conducted emissions, but in sharing and compatibility study, usually it is the radiated power (in-band and out-of-band) should be used. The differences between conducted and radiated powers are further discussed below [where this difference is discussed?].
[Editor note: Conducted power implies that the signals are conducted along conductors, wires or printed lines; also dielectrics can and do conduct electromagnetic signals. Radiated power implies that signals can be radiated from various conductive or dielectric structures as an electromagnetic wave. Different test methods are then used to distinguish how interfering signals can get to a test point (see also description of the way how radiated and conducted measurements are performed in ECC REC (11)06).] 
3.2 Definition of dBc and dBsd units
Recommendation ITU-R SM.1541, dBsd refers to decibels relative to the maximum value of power spectral density (psd) within the necessary bandwidth. The maximum value of psd of a random signal is found by determining the mean power in the reference bandwidth when that reference bandwidth is positioned in frequency such that the result is maximised.

Recommendation  ITU-R SM.1541, dBc refers to decibels relative to the unmodulated carrier power of the emission. In the cases of systems which do not have a carrier (which is now the case of almost all digital modulation waveforms), the carrier is not accessible for measurement. For those systems which have suppressed carrier modulated waveforms, the reference level equivalent to dBc is dB relative to the mean power P.

In the following, as the systems which are considered have all suppressed carriers in their waveforms, the dBc increment is a measure of relative signal strength level below carrier: it shall refer to the level measured at the nominal centre frequency. For instance, 0 dBc refers to the transmit power during normal operation measured at the nominal centre frequency.

3.3 Land Mobile Serveces 

According to ITU-R Recommendation SM.1541-4, the out-of-band (OoB) domain emission limits is as follows for land mobile systems. It is indicated that a generic mask addressing all the systems in the land mobile service needs to be further studied. This service has indicated its preference to use adjacent band (or channel) power ratio limits rather than limit curves as it facilitates frequency coordination and system planning.
It is recalled that the normal separation between the center frequency and the spurious domain boundary is 250% of the necessary bandwidth. According to ITU-R SM.1539-1, this boundary may vary depending on various parameters.

The following does show that current digital systems have much better performance in terms of OOB than the recommended levels as mentioned in ITU-R SM.1541. The study conducted within SE21 regarding work item SE21_17 should target an adequate update of ITU-R SM.1541. 
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Figure 6: OoB mask for 12.5 kHz channel bandwidth land mobile systems as in 
Figure 36 of ITU-R SM.1541-1 

4 boundary questions

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 (see section 2.3 of ITU-R Rec. SM.329). 
In some ETSI standards the boundary between OOB and spurious domains is smaller than specified 250% of the channel bandwidth as defined in ITU-R SM.329 and ECC Rec 74-01.

For example for EUTRA base stations spurious emission limits defined in EN 301 908-14 is beyond 10 MHz from downlink band edge:

For EUTRA terminals the boundary is given in the table below.

Table 1: ΔfOOB boundary between E-UTRA channel and spurious emission domain (Table 4.2.4.2-1)
	Channel bandwidth 
	1,4 MHz 
	3,0 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	ΔfOOB (MHz)
	2,8
	6
	10
	15
	20
	25


In some other ETSI standards the boundary between OOB and spurious domains is equal tothe specified 250% of the channel bandwidth. 
Sections 8 Examples of measurements of unwanted emissions in the out –of –band domain and 9: Examples of measurements of unwanted emissions in the spurious domain show measurements results of unwanted emissions in both domains. Some observations were made based on measurements results. 
4.1.1 Border between OoB and and spurious domains
Recommendation ITU-R SM.1541 usually defines the border where the OoB domain starts at 50% offset from the necessary bandwidth. Generally, the out-of-band (OoB) domain starts at a frequency offset of 0.5 times the necessary bandwidth and extends up to 2.5 times the necessary bandwidth. However, for very narrowband and wideband emissions, there may be exceptions for the upper boundary. For these cases the upper boundary is defined in Recommendation ITU-R SM.1539. 
Although from a theoretical standpoint this definition makes good sense, it is very difficult to specify in practice because that point nowhere shows up in the spectrum and even calculation of its value is difficult because the necessary modulation parameters are often not known by monitoring personnel. It may therefore be suggested to use the frequency offsets defined by the occupied power bandwidth (99%-bandwidth) 
or, if defined, 50% of the used channel width to both sides of the centre frequency as the border to the OoB domain.

4.1.2 Identifying occupied bandwidth (to be moved to definitions)
The biggest problem with the definition of border between OoB and spurious domains is that the necessary bandwidth (RR 1.152) which is used to determine the border cannot be measured. It has to be known or calculated using system parameters that are often unknown to monitoring services. 

The occupied bandwidth (RR ???) can be determined by measurement with reasonably accurateness by selecting the measurement bandwidth sufficient wide. Therefore the both bandwidth can be assumed as equal and the mistake is negligible.
It has to be known or calculated using system parameters often unknown to monitoring services. As a compromise, a border of 250% of the occupied bandwidth was used in most of the presented below measurements. Although this border is in all cases further away from the carrier frequency, the measurements have shown that the spurious limits from ITU-R SM.329 cannot be met by some systems, although for high frequency offsets, the unwanted emissions of all transmitters were well below these limits.

5 Requirements for measurements

 The following parameters describe the behavior of the unwanted emissions:

1. Frequency of the emission
2. Level of the emission
3. Duration of transmission of the emission
4. Probability of occurrence of the emission
The term “occupied bandwidth” used for the purpose of this report is a bandwidth selected by the measurement equipment in which sufficient amount of transmitted power is taken into account compared to the total emitted power. Therefore the difference to the definition of occupied bandwidth in the RR is negligible. 

The measurements have to be done in straight forward way independently  from measurement procedures in existing standards in order to get objective results as much as possible (e.g. detection of any possible peaks in the measurements, avoiding of averaging signal).

For the measurements absolute values were taken into account.

A compromise between the sensitivity of the measurement equipment and the accuracy of the measured results would have to be accepted. 

The definition of the necessary bandwidth (e.g. for multicarrier systems) will have to be proposed. (applicability especially for narrow and wideband systems) 

Editors note: Contribution from Ericsson is expected. 

5.1 Measurement bandwidth

Because in the OoB domain, the spectra often has steep parts where the power density quickly drops or rises with frequency, it is necessary to use a very narrow measurement bandwidth to obtain accurate results. Using too wide measurement bandwidths would otherwise widen the spectrum which may lead to seemingly overstepping the mask. If the limit is given in terms of spectral density (dBsd), the 0 dB reference for the mask is the maximum spectral density of a modulated signal. In these cases, that specifically apply to digital signals where the unmodulated carrier never shows up, the result is independent of the measurement bandwidth. In cases where the limits are given in absolute (channel) power, the result may be obtained by integrating the values measured with a narrow bandwidth over the channel bandwidth.  
6 Examples of measurements of unwanted emissions depending on transmitted  power


Figure 1: Spurious emission and OoB levels depending on UE Tx power
There is no valid model how spurious emission levels follow the transmitter power reduction, if the upper limit for the spurious emissions is used in compatibility study, the result is unavoidably pessimistic, the figure 1 illustrate the interruption between spurious emission level and OoB level. As shown in figure 1, when UE is transmitting at its maximum power of 23 dBm
, with an ACLT=30 dB, the adjacent channel OoB level is 23  30 = -7 dBm/9 MHz, spurious emission level is -30 dBm/MHz = -20,5 dBm/9 MHz.

LTE UE transmit power range is from 23 dBm to - 40 dBm specified in the technical specification 3GPP TS36.101
, when the UE transmit power is reduced to -30 dBm/9 MHz with power control, the first adjacent channel OoB level is reduced to -60 dBm/9 MHz, but the spurious emission level is still at -30 dBm/MHz=-20.5 dBm/9 MHz as regulatory limit, which is even higher than the UE in-band transmit power. It is obvious that using a constant spurious emission level in compatibility study will give very pessimistic result.  
6.1.1 UE transmit power dynamics 

LTE UE transmit power dynamics is specified in 3GPP TS 36.101 section 6.3.2, the minimum output power is specified as -40 dBm. The maximum UE transmit power is 23 dBm.
Measured LTE800 UE transmit power dynamics (Pmax and Pmin) of 4 LTE800 UEs (Smartphones from different vendors with different chipsets inside) are given in Table 2: Measured LTE800 UE transmit power dynamics (4 UEs). It can be seen that UE transmit power dynamics are larger than the minimum requirement defined in 3GPP TS36.101, it can go down to -43 dBm, or even down to -52 dBm, depending UE mark, modulation scheme, channel bandwidth occupation.

Table 2: Measured LTE800 UE transmit power dynamics (4 UEs)

	 
	UE_1
	UE_2
	UE_3
	UE_4

	Pmax(GPSK 12 RBs)
	21,0
	22,0
	24,0
	23,0

	Pmin(GPSK 12 RBs)
	-45,0
	-46,0
	-47,0
	-48,0

	Pmax(GPSK 50 RBs)
	20,0
	21,0
	23,0
	22,0

	Pmin(GPSK 50 RBs)
	-43,0
	-45,0
	-47,0
	-48,0

	Pmax(16QAM 12 RBs)
	20,0
	22,0
	23,0
	23,0

	Pmin(16QAM 12 RBs)
	-45,0
	-46,0
	-45,0
	-52,0

	Pmax(16QAM 50 RBs)
	19,0
	21,0
	22,0
	22,0

	Pmin(16QAM 50 RBs)
	-43,0
	-45,0
	-45,0
	-52,0


In a real LTE network, an UE transmit power changes between Pmax and Pmin following the uplink power control depending its position and data transmission within its serving cell.
6.1.2 UE transmitted and radiated power

LTE UE transmit power is specified in 3GPP TS36.101 (UE core specification) as 23 dBm, with ±2 dB test tolerance. UE Tx power is tested in lab in conducted way.
The measured (28 commercial UEs) LTE800 UE TRP (Transmit Radiated Power) are plotted in Figure 2, the averaged (in dBm) TRP is 18.6 dBm, the difference between the conducted nominal transmit power and the measured average TRP is 23 – 18.6 = 4.4 dB. This is so called UE antenna gain loss. ITU-R WP5D has proposed to ITU-R JTG4567 to use 3 dB antenna gain loss in UHF band compatibility study. As shown in Figure 2, 3 dB UE antenna gain loss cover almost all of the tested UEs. 
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Figure 2: LTE800 UE TRP (28 commercial UEs)

6.1.3 UE unwanted emissions

A number of laboratory measurement results of LTE800 UE unwanted emissions at UE Pmax including OoB and spurious emissions for different channel bandwidth occupations have been conducted in the course of preparations of ECC Report 207 by Ofcom (UK). .

The Figure 3below from measurements done by Ofcom, UK (see ECC Report 207) gives a comparison of UE unwanted emissions between a near user (lower transmit power due to power control) and a far user (higher transmit power). The OoB emission decreases significantly by decreasing the allocated bandwidth. For example at 867 MHz a UE with lowest allocation bandwidth has 25 dB less OoB emission comparing with a UE with full bandwidth allocation, which indicates that the physical channel configuration has a large impact on RF performance.
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Figure 3: A snapshot of the in-band and out-of-band power level (resolution bandwidth 180 kHz), measured from a production LTE user (Ofcom/UK) 
In order to quantify the UE unwanted emissions at different transmit power levels, 4 LTE800 smartphones from different vendors with different chipsets inside were selected and measured in Laboratory. The laboratory tests were performed following the test procedure defined in 3GPP TS36.521-1(LTE UE radio test spec).
LTE UE unwanted emissions (both OoB  emissions and spurious emissions) measured with 50 RBs (full channel bandwidth occupation) and 12 RBs (partial channel occupation). The behaviors of the measured unwanted emissions results for 4 UEs are quite similar, the tested results for the UE #4 are plotted in Figure 4 and Figure 5.
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Figure 4: Measured UE (UE#4) OOBE (QPSK modulation, 50 RBs)
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Figure 5: Measured UE (UE#4) OoB (QPSK modulation, 12 RBs)
The measured UE unwanted emissions (OoB and spurious) plotted in Figures 4 and 5 show that: 
5. UE unwanted emissions levels are lower than the minimum requirement defined in the specification;

6. The measured results do not show a clear interruption at the point between OoB domain and spurious emissions domain, as defined in the standards. When UE Tx power is lower, UE unwanted emissions (OoB and Spurious emissions) are lower, when UE Tx power is reduced of x dB, UE OoB decrease more than x dB, but it does not appear easy to establish an analytic equation.
Editor’s note: this last paragraph needs further explanation and refinement. Further inputs are required e.g. measurments or standards or theory whether it is it really linearly dependent on the Tx power.
7 SRD in 122-123 GHz frequency band

 According to ERC Recommendation 74-01 and EN 305 550, unwanted emissions in the spurious domain of SRD operating in the 122-123 GHz are set to -30 dBm/MHz.

, EN 305 550 specifies the unwanted emissions in the spurious domain as “those at frequencies beyond the limit of 250 % of the necessary bandwidth above and below the centre frequency of the emission”.

However, EN 305 550 seems currently silent on the “out-of-band” domain, i.e from 50% up to 250% of the necessary bandwidth in which one can expect higher emission levels.

Unlike relatively small bandwidth, this unknown situation related to OOB emissions could become an issue for SRD making use of large bandwidth for which the 250% bandwidth can hence extend far within the EESS (passive) band, even below 122 GHz.

[image: image6.png]Rld9-vIs Presentation1. - Microsoft PowerPoint o @ =

s cm o oo smem mm e -0
Loyout - - Brshape -
v BN Y @ % N

Reset

paste New N [ A Shapes Arange Quick
| e seaons B 7 LS e B Aa A A ee @ Shape Etects -

2 shape Outiine -

Ciipboard Siides Font G Paragraph Drawing

20dBm per

Bn
250%of Bn

Power density:
-30dBm/MHz

Spurious domain

Click to add notes





Figure 8‑1: SRD emissions in the OOB and spurious domains
Here also, a relevant characterization of SRD bandwidth and OoB emissions will have to be performed.

It is proposed to reconsider the way how the  unwanted emissions in the spurious domain are defined in EN 305 550 “those at frequencies beyond the limit of 250 % of the necessary bandwidth above and below the centre frequency of the emission” and reduce the limit to x%. A compromise between SRD equipment price when modifying the limit of 250 %  and compatibility with other services, such as  EESS (passive) has to be accepted. 
Editorial note: Jean Pla will study SE24 documentation and improve the text.
8 Examples of measurements of unwanted emissions in the out –of –band domain
8.1 Unwanted emissions in the out-of-band domain (Theoretical consideration)
Generally, the out-of-band (OoB) domain starts at a frequency offset of 0.5 times the necessary bandwidth and extends up to 2.5 times the necessary bandwidth. However, for very narrowband and wideband emissions, there may be exceptions for the upper boundary. For these cases the upper boundary defined in Recommendation ITU-R SM.1539 is used.

Recommendation ITU-R SM.1541 often describes the maximum OoB emissions as a spectrum mask. The 0 dB reference is either the total power of the signal which is equal to the power of the unmodulated carrier (dBc) or the maximum in-band spectral density (dBsd) recorded with a certain reference bandwidth. Generally, for analogue systems a dBc reference, for digital systems a dBsd reference is regarded most suitable. Therefore, the limiting mask can directly be compared with the measured spectral density of the signal, after a necessary bandwidth correction (if applicable). The relative level of the unwanted emissions is independent of the transmitter power.

Since the shape of practical OoB masks strongly depends on the particular system, Recommendation ITU-R SM.1541 does not provide general OoB limits but only specifies them for a number of selected radio services. For other services applicable standards and service-specific Recommendations should be consulted.

Recommendation ITU-R SM.1541 describes two different approaches to assess compliance with OoB limits:

· The integrated power in an adjacent band or channel.

· Comparison of the measured spectral density with an OoB spectrum mask.

The Recommendation already considers distinguishing between noise-like and line spectra in the OoB domain and the possible need of different limits for both.

8.2 Analogue applications  (measurement campain) 
Measurement campaign of the following analog applications had been performed in the course of preparations of this ECC Report: FM broadcast, land mobile, radiodetermination (2.7 GHz range), The following sections show spectrum measurements of selected analogue equipment in the OoB domain. To enhance accuracy, the measurements were often done with a resolution bandwidth that is smaller than the reference bandwidth in which the spectrum mask is defined. To enable direct comparison between the measured spectral density and the limiting mask, one of the two is converted into the bandwidth of the other.
8.2.1 FM broadcast

This analogue sound broadcasting system is covered in Annex 7 of Recommendation 
ITU-R SM.1541. The relevant RF parameters are:

Modulation:
FM

deviation:75 kHz (for colored noise of Tx3; 63 kHz for normal programme content at Tx1, TX2 and Tx4)
Max. 
Bandwidth:

180 kHz

Channelling:

200 kHz

OoB domain ends at:
500 kHz (see Recommendation ITU-R SM.1541 Annex 7, § 1)

For this system, Recommendation ITU-R SM.1541 uses the channel bandwidth for the determination of the OoB borders although the actual maximum occupied bandwidth is slightly less. The reference bandwidth for the spectrum mask is 1 kHz. The measurements were made at the antenna port of transmitters of various power classes with 1 kHz measurement bandwidth. The measured spectral densities are normalized to the 0 dB reference of the spectrum mask.

It should be noted that the conversion of the 0 dB reference for the spectrum mask given in Annex 7, Table 20 of Recommendation ITU-R SM.1541 from 200 kHz to 1 kHz assumes an evenly spread spectral density over the whole 200 kHz channel width. Therefore, the in-channel points of the mask when referenced to 1 kHz bandwidth lies at -23 dB. Actual BC transmitters, however, do not occupy the whole 200 kHz channel evenly. Consequently, the spectral density measured in 1 kHz bandwidth is usually only about 17 dB below the total power measured in 200 kHz bandwidth. Therefore, the measured spectral density exceeds the mask inside the used channel by as much 
as 5 dB.

Figure 3-2

OoB measurements from FM broadcast transmitters
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It can be seen that the OoB limits are met by all transmitters measured. It can also be seen that when operated with normal programme material (Tx1, Tx2 and Tx4), the spectra are much narrower and the OoB emissions much lower than when transmitting a test signal (Tx 3 with colored stereo noise according to Recommendation ITU-R BS.559).  The colored noise signal was used for comparison purposes as it occupies maximum available bandwidth. 
8.2.2 Land Mobile

The example measurements were done on one mobile transceiver used for public safety communication (4m, voice), one mobile transceiver used for company radio networks and one transceiver used as a relay station (2m). The key parameters are:

Modulation:
FM

Max. output power for all three transmitters:
10 W = 40 dBm

(Occupied) bandwidth of all three transmitters:
10 kHz
Spurious domain starts at:
62.5 kHz offset (see Recommendation ITU-R SM.1539 Table 2) for 25 kHz channels.
All three units measured can be used as fixed or mobile installations. 

The measurements were made at the transmitter output to achieve maximum dynamic range and sensitivity. Measurements of both sides from the centre frequency have shown that the curves of the OoB emissions are symmetrical to the wanted frequency.

Recommendation ITU-R SM.1541 does not provide general limit lines for all land mobile services. Instead, examples are given only for 5 kHz SSB, 12.5 and 30 kHz AM/FM systems. The channel spacing for the systems measured is 20 kHz. Although no example from the Recommendation exactly fits, the figure shows the limit lines for the 12.5 kHz spacing case in comparison with the measured spectra. This example was chosen as limits for 12.5 kHz spacing are more stringent compared to 30 kHz. 
Figure 3-8

OoB emissions from Land Mobile stations
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Observation: The last revision of the Recommendation ITU-R SM.1539 is from 2002, it needs to be revised, taking into account more narrow band systems with the channel spacing 12.5 kHz and 6.25 kHz.
8.2.3 Radiodetermination 

Surface movement radars 9175 and 9420 MHz – an example (taken from ECC Report 157) which complies with the requirement and with good filtering already with the design objective of 40 dB/decade roll-off mask for the OoB emissios
These radar systems operate with a common antenna so they need a combining filter that, if implemented as band pass design, will further improve the spectrum shaping. However the roll-off is rather smooth, especially in the light of the fact that this radar is a magnetron-based design.
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Figure 39: Airport surface movement radars, Frequency 9175 MHz

(spectrum measured at monitor output with RBW=500 kHz)
Air traffic control radar system with two centre frequencies of 2 765 and 2 885 MHz – an example (taken from ECC Report 174) which does not meet the requirement
This example shows the unwanted emission of an air traffic control radar system with two centre frequencies of 2 765 and 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 in accordance with Table 5.1 of ERC Rec. 74-01 [2]  is -60 dBc (marked red). A few spikes reach this limit. The noise floor is about 40 dB below.

This example shows the unwanted emission of an air traffic control radar system with two centre frequencies of 2 765 and 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 in accordance with Table 5.1 of ERC Rec. 74-01 [2]  is -60 dBc (marked red). A few spikes reach this limit. The noise floor is about 40 dB below.
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Figure 10‑24: Unwanted emission of an air traffic control radar system

8.2.4 Conclusions from measurements for analogue systems in OOB domain
8.3 Digital applications (measurement campain) 
Following digital applications were considered in the course of preparations of this ECC report: DAB+, DVB-T, LTE800 (BS and UE), DECT; UMTS.
8.3.1 DAB+

OoB limits for DAB specified at the  RRC-06 are used in this report. 

The out-of-band radiated signal spectrum in any 4 kHz band shall be constrained by one of the masks defined in Fig. 3-2 and the associated Table 3-10 of the Geneva06 Special Agreement. 
8.3.1.1 OoB measurements from a DAB+ transmitter

This OFDM system is one of the possible digital successors of the analogue sound broadcasting system. The relevant RF parameters are:

Modulation:
OFDM with 1736 active carriers

Transmitter bandwidth:
1.536 MHz

OoB domain ends at:
3.84 MHz (250% of necessary bandwidth) 

The transmitter power: 10 kW.
The measurements were made at the antenna port of the transmitter with a resolution bandwidth of 3 kHz. The spectrum mask in the following figure which has an original reference bandwidth of 4 kHz is converted into spectral levels in 3 kHz.

The transmitter power was 10 kW.
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Figure 2: OoB measurements from a DAB+ transmitter
Because the measured spectral levels at offsets higher than 2.5 MHz are at - or close to - the sensitivity line, it can only be said that the actual OoB levels above this offset are lower than the Mask. The limited dynamic range of the measurement does not allow determining by how much the emissions from the transmitter are below the mask.

Observation: One can see that the most critical part is around 2.2 MHz offset but it is difficult to judge if the reason for overstepping the mask is not sensitivity limitation of the measurement equipment.  

8.3.2 DVB-T

This digital terrestrial television system is covered in Annex 4 of Recommendation ITU-R SM.1541. The key parameters of the measured DVB-T systems are:

Modulation:
8k OFDM with 6817 active carriers

Bandwidth:
7, 61 MHz

OoB domain ends at:
20 MHz (see Recommendation ITU-R SM.1541 Annex 4, §2.2.1)
The transmitter power of Tx1: 10 kW.
The measurements were made at the transmitter output with a measurement bandwidth of 7.5 kHz and corrected to a reference bandwidth of 4 kHz. The measured levels are further normalized to the 0 dB reference of the limit line. The limits of the spectrum masks are taken from RRC06, Annex 2, Chapter 3.6, Table 3-11 for 8 MHz systems.
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Figure 3: OoB measurements from DVB-T transmitters
 Tx1  transmitter was a DVB-T transmitter that has an 8-cavity band pass filter (typical usage in Germany) fitted at the transmitter output which is necessary to meet the requirements of the most stringent spectrum masks defined in RRC06.
The transmission is stable and there is no unexpected behavior.
8.3.2.1 Discussion on digital Broadcasting

Broadcasting service implements the complete plan for ITU Region 1 countries, as they have to comply with allotments in accordance with GE06 Plan. Therefore they are forced to meet very stringent masks without losing information, but for certain costs.  
Editorial note: to be developed further
8.3.3 LTE800
The 4th generation of the mobile communication standard is currently being introduced by many network providers. The 3GPP standard allows many RF parameters to be flexible, including the RF bandwidth. Measurements were done on several LTE800 base stations from different manufacturers. The key RF parameters of the measured stations are:

Frequency range:
796-816 MHz

Modulation:

OFDM

Bandwidth:

10 MHz

OoB domain ends at:
25 MHz offset

The system transmits in bursts of different length and bandwidth, depending on base station configuration and traffic. The measurements were done while the base stations were in a test mode using all available resource blocks and thereby stimulating the maximum sideband emissions. Measurement bandwidths were between 30 and 100 kHz. The transmitter output power of all three LTE base stations was 40 W = 16 dBW = 46 dBm. The radiated power was 60 dBm.

Since  ITU-R Recommendation SM.1541 does not contain any  information for  OoB limits for this kind of application, the Masks from ETSI EN 301 908-14, Table 4.2.2.2.3-3 and from the ECC Report 30 are shown for comparison.

The levels of both measured values and limits were converted into a bandwidth of 30 kHz and normalized.

The centre frequency of the LTE station was 796 MHz. (to check Report 30, is this specific for the lowest block)
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Figure 4: OoB emissions from LTE800 base stations with full traffic load
It can be seen that especially at the border between wanted channel and OoB domain, LTE800 base stations have difficulties meeting the OoB mask from ECC Report 30. It should be noted that the right end of the spectrum lines (offsets higher than about 13 MHz) already show the measurement receiver’s noise floor. The actual sideband emissions of the LTE station under test are in fact lower.

In addition, the Base Station Tx1 above was also measured with even higher dynamic range when no user data were transmitted. The result is shown in the figure below:
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Figure 5: OoB emissions from an LTE800 base station (no user data were transmitted)
Also here, the offset range above 15 MHz already shows the noise of the measurement receiver whereas the actual unwanted emissions from the LTE station are even lower.

For systems with bandwidth of 10 MHz the general rule 250% of bandwidth applies according to ITU-R regulation, that means that the spurious domain starts at 25 MHz offset from the centre frequency. 
Remark: 3GPP specifies that spurious domain starts from 10 MHz outside of the operating band independent on the channel bandwidth.

That means that the exsiting limit is much more strengthened as 250% rule.
8.3.4 Measurement campaign of LTE UE
For this measurement campaign, only the LTE-Uplink signal part was examined. Following 3 gives a short description for the different signals involved. The subsequent sections will deal with the signals in more detail. Since only the FDD-Mode is of interest in this frequency range, TDD-Operation has not been investigated.
The Block Edge Mask (BEM) compliance was measured manually. In the following spectrum plots, the BEM is shown in light green. As indicated, it has been assumed that those limits can be extended beyond 862 MHz, which is not quite correct. The correct OoB-limits to apply were found after the measurements took place. Those are indicated in pink on the plots. 
Since the limits given in ECC/DEC(09)03 are to be interpreted as a channel power, one has to take care when downscaling the values using a simple bandwidth correction, so the limit lines can be a bit misleading. This is especially true for signal UE3, where only 180 kHz are occupied by the LTE-signal. All spectrum plots were scaled in level so that the LTE-Uplink’s channel power meets the maximum allowed 23 dBm/10 MHz.

Table 3: overview of interfering signal parameters
	Name
	Description

	UE1
	Replay of a real-life upload with maximum throughput (UE using the whole available bandwidth)

	UE2
	Replay of a real-life upload with limited throughput (2,54 MBits/s, 14 allocated resource blocks) 


Comparison of unwanted emissions depend on upload speed

LTE Terminal is transmitting with full data rate.
This LTE-Uplink signal was recorded and played back from an arbitrary signal generator. The recording situation was as follows: the terminal was operated using one antenna path only. A fixed attenuator was placed in the antenna path to force the terminal’s power control to the maximum output power – which also maximises the out of band emissions. A large data file was transmitted using the maximum speed and channel bandwidth occupation. It was ensured that the terminal was the only one linked to the serving base station at that moment.

Following  REF _Ref339950351 \h 
 Figure 12 shows the RMS-spectrum for signal UE1 using an RBW (resolution bandwidth) of 100 kHz.

Editor note: remove BEM, add a reference to standard in OOB domain and remove in-band part. – and update figure
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 Figure 6: spectrum for UE1-signal (upper sideband only)

· LTE Terminal is transmitting with limited throughput (2,54 MBits/s)

This signal was created in a similar way as UE1. The key difference is that the terminal was from a different manufacturer and that the upload speed was limited to approx. 2.54 MBits/s (14 allocated resource blocks). Because of this, a very dynamic resource block allocation occurs along the time- and frequency axis.
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 Figure 7: Power versus time and spectogram for signal UE2
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 Figure 8: Spectrum for UE2-signal, upper sideband only

Editor note: remove BEM, add a reference to standard in OOB domain and remove in-band part.
8.3.4.1 Discussion on Out-of-Band-Emissions measurement results
Following Fig. 18 shows an example of the OoB-emissions from a real device. The observation bandwidth is 40 MHz, the acquisition time is 100 ms (10 radio frames). The yellow spectrum shows the peak-hold spectrum over that time, while the orange spectrum shows the momentary spectrum at the time instant marked with a line in the spectrogram. The resolution bandwidth was set to match one resource block (180 kHz). The spectrogram clearly shows the correlation between the allocations in the useful signal’s part and the OoB-emissions especially when the small blocks are observed: blocks that are occupied show up with a similar pattern below the nominal 10 MHz bandwidth. Above the nominal 10 MHz bandwidth, the allocated blocks show up mirrored. The shoulder distance of approx. 40 dB seen in the spectrum is a quite typical value for unfiltered OFDM-systems. 
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Figure 9:  Example of Out-of-Band emissions of a real LTE terminal. Spectrogram (left), power vs. time (upper right) and spectrum (yellow: whole acquisition time; orange: time instant marked with a line in the spectrogram)
Fig. 15 shows the spectral properties of a second real-life LTE-terminal. The correlation between the wanted emission and the OOB emission is well visible during the times when the Demodulation reference symbol is on Air (marked with yellow arrows). Furthermore it can be seen that the main energy content for the OOB emissions lies within the actual used LTE-channel (10 MHz). The spectrum plot shows that the dynamics is in the range of 40…50 dB, which – once again – is above the dynamics given by the simulated signals.
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Figure 10: Example of Out-of-Band-emissions of another real LTE terminal; Spectrogram (left); instantenous spectrum (right) at time instant marked with a white line in the spectrogram
The following Fig. 16 shows the operation of the device shown in  REF _Ref339958710 \h 
 \* MERGEFORMAT  with a high time resolution. Again, both from the spectrogram and the spectrum it can be seen that there’s a high degree of correlation between the actual content of the useful signal part and the OOB part: the vertical light blue line (marker M1) matches to the vertical red line’s shape and timing. Considering the same behaviour for a terminal that hops along all possible resource blocks, a swept analyzer in Max-Hold-Mode will show a very broad OOB component, neglecting the time relationship between the useful signal and OOB component
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Figure 11: : Spectrum, power versus time and momentary spectrum at the time marked with a line in the spectrogram of a real UE, high time resolution
The examples in this section indicate the dependence between the number, position and time dependency of allocated resource blocks and their associated OOB emissions. This is the main reason for the conclusion of some other measurements that remarked the dependency between the number of allocated resource blocks and the interference potential. From the BEM’s point of view, the number of resource blocks is not of interest – as long as the BEM’s limits are not exceeded. Due to the BEM’s intention, planning and sharing criteria are to be based upon these given limits, whatever technology is operated in the frequency range 791 – 821 MHz and 832 – 862 MHz with a 5 MHz channelization – independent of resource blocks.

· OOB Limits of LTE-Terminal stations in the 800 MHz frequency range

The OOB- limits of LTE-Terminals stations in the frequency range of 800 MHz are published in ECC/DEC(09)03. In addition the harmonised standard ETSI EN 301 908-13 (V5.2.1 2011-05) contains OOB limits for Evolved Universal Terrestrial Radio Access (E-UTRA) User Equipment (UE). 

8.3.4.2 Summary

The recorded real LTE emissions (UE1, UE2) are far below (20 - 30 dB) the limits specified in ETSI EN 301 908-13. 
[Contribution is expected for the March meeting regarding applicability of 250% border rule]. 
8.3.5 GSM

This worldwide 2G cell phone standard uses overlapping channels. The channel width is 200 kHz whereas the occupied bandwidth 250 kHz.

The key parameters are:

Frequency range:
around 950 MHz and around 1850 MHz

Modulation:
GMSK

Burst duration:
555 µs

Burst repetition rate:
4.62 ms (8 time slots)

Bandwidth:
250 kHz (OBW)
Spurious domain starts at:
750 kHz offset
The measurements were done at the transmitter output of a common GSM base station on the 
so-called “C1” frequency (930.6 MHz) carrying the broadcast channel (BCCH). Although GSM is a TDMA system and normally transmits in bursts, the C1 frequency is continuously transmitted with full power. Therefore, external triggering was not necessary to measure the RMS level in the OoB domain. The transmitter output power of the station was 15 W = 12 dBW = 42 dBm.

Measurements of both sides from the centre frequency have shown that the curves of the OoB emissions are symmetrical to the wanted frequency.

Recommendation ITU-R SM.1541 does not provide limits for GSM systems. Therefore, the limits defined in Table (a) from ETSI EN 302 408, Chapter 4.3.2.1  are shown on the Figure below:
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Figure 12: OoB emissions from a GSM base station
It can be seen that the limit from the relevant ETSI standard is easily met, especially for higher frequency offsets in the OoB domain. 
8.3.6 DECT
The Digital Enhanced Cordless Telephone standard is commonly used by many personal communication systems. It is a TDMA system, so both fixed and portable parts transmit in bursts. The key parameters are:

Modulation:
2-FSK

Max. radiated power:
250 mW = 24 dBm (average burst)
Bandwidth:

1, 15 MHz

Spurious domain starts at:
2,875 MHz offset

Burst duration:
90 µs or 368 µs

Burst repetition:
10 ms

The measurements were made radiated (off air) because the equipment usually has no external antenna connectors. The measured levels are RMS during the bursts only (average-burst level). External triggering was used to synchronize the measurement with the transmitted bursts (see chapter 2 for a description of the measurement setup). Measured spectrum on the figure below shows relative level in dB compared to the maximum spectral density in the measurements bandwidth specified.
Since Recommendation ITU-R SM.1541 does not contain an annex specifying limits for DECT OoB emissions, the mask was taken from the applicable Standard ETSI EN 300 175-2, § 5.5.1, 
Table 1. 
The resolution bandwidth for the measurements was 100 kHz. The spectrum mask is defined in power levels over the whole channel bandwidth both for the 0 dB reference and the OoB emissions, so no bandwidth conversion was required. The measured levels were normalized to the 0 dB reference line of the mask.
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Figure 13: DECT OoB emissions (upper frequency range)
It can be seen that the OoB levels of both measured DECT are well below the limits. Because no other than modulation-related emissions show in the OoB domain, it can be assumed that all DECT devices will have almost the same OoB spectrum in which case it seems that there is a considerable margin to lower the mask, especially in the range of the neighbour channel around 2 MHz. 

8.3.7 UMTS

This 3G cellular mobile system uses W-CDMA spread spectrum technique to manage multiple access. It is widely used in Europe and worldwide as the successor of GSM. 

The key parameters of the UMTS system are:
Frequency range:
2 110-2 200 MHz (FDD downlink, example from 1)

Modulation:
QPSK

Bandwidth:
5 MHz (channel)
Spurious domain starts at:
12.5 MHz offset
Measurement bandwidth: 
4 kHz

The measurements were done at the transmitter output of a UMTS base station transmitting on 2152 MHz with an output power of 3W = 5 dBW = 35 dBm.

Measurements of both sides from the centre frequency have shown that the curves of the OoB emissions are symmetrical to the wanted frequency. Measured spectrum on the figure below shows relative level in dB compared to the maximum spectral density in the measurements bandwidth specified. 
Recommendation ITU-R SM.1541 does not provide limits for W-CDMA systems. Therefore, the limits defined in ETSI TS 125 104 Chapter 6.6.2.1, Table 6.5 are shown.
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Figure 14: OoB emissions from a UMTS base station
It can be seen that the limit from the relevant ETSI standard is easily met. In fact, the OoB emissions are at least 15 dB below the mask. 

8.3.8 Mobile devices in the 2.6 GHz band

Editors note: Measurements are to be put in the annex, only the representative cases will stay in the main text
The following Figures 1 and 2 show a snapshot of conducted measurements of unwanted emissions for a production line 2.6 GHz LTE mobile service terminals with following characteristics:
 Table 4: 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


· UE 2.6 GHz LTE production device – conducted emissions 20 MHz
[ Spurious emission limit for UE/BS in land mobile service in accordance with Table 2.1 of ERC Rec. 74-01 [2] is -30 dBm (checked in radar band (to the right of 1st red marker line)), figure below shows worst case measurement in spurious domain approx. -85 dBm/MHz.
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Figure 15: Emissions in radar frequency band (between red markers) – for 20 MHz
· UE 2.6 GHz LTE production device – conducted emissions 5 MHz 

Spurious emission limit for UE/BS in land mobile service in accordance with Table 2.1 of ERC Rec. 74-01 [2] is -30 dBm (checking in radar band spurious emissions (to the right of 1st red marker line)), figure below shows worst case measurement in spurious domain approx. -85 dBm/MHz.
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Figure 16: UE - Emissions in radar frequency band (between red markers) - 5 MHz]
8.3.9 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 characteristics presented in Table 5:
Table 5: 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 Bandwidths Tested:
	10 MHz


· Production device – conducted emissions 10 MHz
Spurious emission limit for UE/BS in land mobile service in accordance with Table 2.1 of ERC Rec. 74-01 [2]  is -30 dBm (checked in radar band spurious emissions (to the right of red marker line)), figure shows worst case measurement in spurious domain approx. -70 dBm/MHz
[image: image26.png]Spurious Emisisons at Maximum Power within the S-Band - Close

Up - Top Channel +20MHz

-10,0
-20,0

-30,0

-40,0

-50,0

-60,0
-70,0

de (dBm/1MHz)

-80,0

plltu
&:
=]
°

Am
=
S
S
=)

-110,0

3.000

3.098 3112 3.126

3.014 3.028 3.042 3.056 3.070 3.084
Frequency (MHz)
PTOT FLine Ptot-2 Ptot-4

Ptot-6 Noise Floor

3.140





Figure 17: UE 3.4 GHz WiMAX - Emissions in radar frequency band (between red markers) - 10 MHz
8.3.10 RLAN devices in the 2.4 GHz band
The RLAN or WLAN devices are used in large numbers all over the world. The service conforms to the IEEE 802.11 standard. Depending on the variant of this standard, a frequency in the ranges around 2.4 GHz or 5.6 GHz is used. The key parameters are:

Modulation:
QPSK or OFDM
Max. radiated power:
100 mW = 20 dBm (average burst)
Bandwidth:
around 16 MHz

OoB domain ends at:
40 MHz offset

Burst duration:
variable, depending on traffic, example: 100 µs
Burst repetition:
variable, depending on traffic, example 100 ms

AV-burst power density in the measurement bandwidth of 300 kHz;

Measurements were made on three different WLAN devices:

· Tx1: RLAN access point, operating in 802.11g mode (OFDM), measured radiated;

· Tx2: RLAN router, operating in 802.11b mode (DSSS), measured at the Tx output;

· Tx3: Smartphone with RLAN capability, operating in 802.11b mode (DSSS), measured radiated.

Since Recommendation ITU-R SM.1541 does not contain an annex specifying limits for SRD OoB emissions, the mask was taken from the applicable Standard ETSI EN 300 328-1, § 5.2.4, Table 2. The definition of the OoB limits in this Standard are specified in such a way that they can never be exceeded: The limit of the unwanted emissions is set to -80 dBm/Hz and is applicable to all frequencies outside the bandwidth occupied by the equipment. This occupied bandwidth is not fixed but defined as the frequency range where the power density of the emission is above -80 dBm/Hz. So, if we have poor equipment with high sideband emissions (above ‑80 dBm/Hz), the affected sideband range it is simply declared as used bandwidth where the limit for unwanted emissions does not apply.

The levels in the following graph are normalized so that 0 dB corresponds to the maximum 
The limits are also normalized to 300 kHz bandwidth to allow a direct comparison. Measured spectrum on the figure below shows relative level in dB compared to the maximum spectral density in the measurements bandwidth specified
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Figure 18: RLAN OoB emissions
The figure shows, that the equipment meets the requirement is set in ESTI EN 300 328 for RLAN systems (see 2.2.5). The wanted bandwidth of the signal is flexible and is made dependent on the level of the spectral density. The OoB starts at an arbitrary point where this level is by a number of dBs down from the maximum in-band power density. With this definition, all OoB masks can be met. 
8.3.11 Discussion for measurements of unwanted emissions of digital systems in OoB domain

Recommendation ITU-R SM.1541 generally leaves it up to the specific radio service which detector, measurement time and bandwidth are to be used for the measurements. The results, however, sometimes strongly depend on these parameters, for analogue as and well for digital systems. The following paragraphs shortly discuss the impact of each of them.
Analysing the above shown measurement results leads to the following findings:

· The OoB domain is dominated by emissions resulting from the modulation of the signal. Peaks in the Spectrum (for example caused by the frequency generation) and image spectra do not show in this offset range.

· In some cases the OoB limits from Recommendation ITU-R SM.1541 seem very generous and can easily be met by the equipment (example: land mobile), in other cases it seems to be a challenging task to meet the limits (example: DVB-T).

Recommendation ITU-R SM.1541 generally leaves it up to the specific radio service which detector, measurement time and bandwidth are to be used for the measurements. The results, however, sometimes strongly depend on these parameters, for analogue as well as digital systems. The following paragraphs shortly discuss the impact of each of them.
8.3.11.1 Absolute vs. relative limits

All measurements presented above have shown that the shape of the OoB emissions is dominated by modulation effects. In the results presented in this report  the modulation, is fixed. Suppression of OoB emissions from digital systems may often be improved through optimized programming of DSPs when they originate from the baseband spectrum. Only the part that originates from non-linearities of the analogue stages (e. g. power amplifier) may involve considerable costs. For analogue systems, overstepping a relative spectrum mask is mostly due to overstepping modulation parameters such as maximum deviation which can easily be adjusted. 

So, in many cases it should be possible to meet even stringent limits in the OoB domain without making the equipment too expensive. Therefore, relative spectrum masks may be preferred that are valid for transmitters even of different power classes to provide optimum protection of neighbour-channel users.

8.3.11.2 Detector

The momentary spectrum width of analogue signals and hence the amplitude of sideband emissions strongly depends on the modulating signal. Although often performed under normal operating conditions, OoB measurements must assess the worst case for the adjacent victim service. This is only possible if the Peak detector is used which is quite obvious.

The spectrum of digital systems is mostly noise-like, with a fixed bandwidth and a fixed peak-to-average ratio (PAPR). This would generally allow using both peak and RMS detector for the measurement. In case of pulsed (TDMA) signals, however, the OoB emissions would have to be assessed while the transmitter is on (i. e. during an active time slot), because otherwise the result would depend on the timing and/or duty cycle which may be subject to changes. This means that the average burst level has to be measured with RMS detector in a triggered measurement.

In addition, pulsed signals often show sideband emission peaks (transients) originating from the process of switching on and off the transmitter. These transients would only show if the peak detector is used. 
The following graph shows an example of the OoB spectrum of the same transmitter (RLAN transmitter Tx3) measured using:

1) AV-burst and 
2) peak.
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Figure 19: OoB transient emissions of an RLAN transmitter
The top right window (“Time Overview”) shows the amplitude vs. time of the burst. The “Spectrogram” window on the left shows the frequency (x) vs. time (y) and level as different colors. From this display it can be seen that the OoB emissions are low outside the burst times (1) and higher during the burst (2). At the burst end, where the transmitter switches off, additional sideband emissions appear for a very short time (3). These are the so-called transients. The lower right window shows the spectrum during the burst (yellow trace) and during the transient (orange trace).
If the peak detector would be used for OoB measurements, the spectrum would be dominated by the transients. However, these peaks are usually extremely short in comparison to the sideband emissions due to modulation and therefore do not have significant interference potential in most cases. It is therefore suggested to specify the AV-burst level for OoB measurements of digital systems which calls for the use of the RMS detector with an integration time equal to the burst length (in case of TDMA signals).
9 Examples of measurements of unwanted emissions in the spurious domain
Generally, the spurious domain starts at a frequency offset of 2.5 times the necessary bandwidth. However, for very narrowband and wideband emissions, there may be exceptions. For these cases the boundary defined in Recommendation ITU-R SM.1539.

Recommendation ITU-R SM.329 separates different categories of applicable limits. Category A limits are minimum requirements and generally applicable. The limits are frequency independent but different for various radio services. Categories B through D describe more stringent limits for some radio services applicable in different regions (e. g. Europe, US, Japan). Category Z specifies limits according to CISPR that are applicable to electrical and electronic devices.

The reference bandwidth in which the spurious limits apply is independent of the radio service and only depends on the frequency range:
· 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.
The spurious limits are either given in dBc or as an absolute power level in dBm. The 0 dB reference is the power of the unmodulated carrier or the total power within the necessary bandwidth (PEP or RMS).
9.1 Example measurements of spurious emissions for analogue systems
The graphs in the following sections show emissions in the main part of the spurious domain for some selected radio systems. To enhance accuracy, the measurements themselves were usually made with a resolution bandwidth that is smaller than the reference bandwidth in Recommendation ITU-R SM.329. The actual curves to compare with the spurious limits were derived by integration of the power flux density (PSD) over the measured samples taken inside the reference bandwidth.
9.1.1 FM Broadcast

The key RF parameters of the analogue sound broadcasting system are listed above in the section dealing with OoB emissions measured for this equipment. 

Measurements were done at the transmitter output of several broadcast transmitters of different power classes. Because the spurious limits in Recommendation ITU-R SM.329 are dependent on the transmit power, each measurement is shown in its own graph to allow comparison of the spectrum with the relevant limit.

In all three graphs the level is normalized so that the total wanted power corresponds to 0 dB. The actual measurement bandwidth was 1 kHz.
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Figure 20: Spurious emissions of a 13 KW FM broadcast transmitter (upper frequency range)
Since the transmitter output power was 13 KW = 71 dBm, the level axis of Figure 30 can be converted to reflect directly the spurious levels in dBm (in 100 kHz BW) by adding 71 dB.

[Editors note: figures 30 – 33 will be replaced by 1 graph containing OoB limits for 3 types of transmitters normalized in 100 kHz bandwidth, no regulatory limits will be shown]
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Figure 21: Spurious emissions of a 100 KW FM broadcast transmitter (upper frequency range)
Since the transmitter output power was 100 KW = 80 dBm, the level axis of Figure 31 can be converted to directly reflect the spurious levels in dBm (in 100 kHz BW) by adding 80 dB.
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Figure 22: Spurious emissions of a 10W FM broadcast transmitter (upper frequency range)
Since the transmitter output power was 10 W = 40 dBm, the level axis of Figure 32 can be converted to directly reflect the spurious levels in dBm (in 100 kHz BW) by adding 40 dB.

The harmonics were measured at the transmitter output of Tx3 separately with the following results:

Table 6:Harmonic levels of a 10W FM broadcast transmitter

	
	Tx3 (10W)

	
	frequency
	level/100 kHz
	attenuation/100kHz

	Fundamental
	100 MHz
	18,5 dBm
	

	2nd harmonic
	200 MHz
	-54,0 dBm
	72,5 dBc

	3rd harmonic
	300 MHz
	-91,0 dBm
	109,5 dBc

	4th harmonic
	400 MHz
	-77,0 dBm
	95,5 dBc

	5th harmonic
	500 MHz
	-97,0 dBm
	115,5 dBc

	6th harmonic
	600 MHz
	< -110 dBm
	>128,5 dBc

	7th harmonic
	700 MHz
	< -110 dBm
	>128,5 dBc

	8th harmonic
	800 MHz
	< -110 dBm
	>128,5 dBc

	9th harmonic
	900 MHz
	< -110 dBm
	>128,5 dBc

	10th harmonic
	1000 MHz
	< -110 dBm
	>128,5 dBc


Note: The most restrictive limit in Recommendation ITU-R SM.329 (Cat B) corresponds to an attenuation of 77 dBc.

9.1.2 Land Mobile Service (analogue)

The example measurements were done on same transceivers used for the OoB measurements. Key parameters are in 3.2.7. The spurious domain starts at 62.5 kHz offset (see Recommendation 
ITU-R SM.1539 Table 2).

The measurements were made at the transmitter output to achieve maximum dynamic range and sensitivity. Measurements of both sides from the centre frequency have shown that the curves of the spurious emissions are symmetrical to the wanted frequency.
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Figure 23: Land Mobile spurious emissions (upper frequency range)
The measurements were done with a resolution bandwidth of 10 kHz. The output power of all stations was 10W = 40 dBm. This corresponds to an in-channel receive level of 19 dBm. The level axis in Figure 33 can therefore be converted to directly reflect radiated power in 100 kHz bandwidth by adding 21 dB. Spikes in the spurious domain seen on the Figure above present at any time when transmitters were operating. 

Analysed  figure shows that using the limit of the spurious domain as an continuous spectral power results to an overestimation of the possible impact due to this emissions.  Further investigations are needed in order to develop a general algorithm in terms of probability of occurrence of the peaks.

The harmonics were measured separately with the following results:

Table 7: Harmonic levels of measured Land Mobile stations at transmitter output

	
	Tx1
	Tx2

	
	frequency
	level
/100kHz
	attenuation
/100kHz
	frequency
	level
/100kHz
	attenuation
/100kHz

	Fundamental:
	85,175 MHz
	19,0 dBm
	0 dB
	156,025 MHz
	19,0 dBm
	0 dB

	2nd harmonic
	170,350 MHz
	-96,0 dBm
	115 dB
	312,050 MHz
	-71,0 dBm
	90 dB

	3rd harmonic:
	255,525 MHz
	-68,0 dBm
	87 dB
	468,075 MHz
	-69,0 dBm
	88 dB

	4th harmonic:
	340,700 MHz
	-81,0 dBm
	100 dB
	624,100 MHz
	-62,0 dBm
	81 dB

	5th harmonic:
	425,875 MHz
	-80,0 dBm
	99 dB
	780,125 MHz
	-59,0 dBm
	78 dB

	6th harmonic:
	511,050 MHz
	-78,0 dBm
	97 dB
	936,150 MHz
	-73,0 dBm
	92 dB

	7th harmonic
	596,225 MHz
	-102,0 dBm
	121 dB
	1092,175 MHz
	-67,0 dBm
	86 dB

	8th harmonic:
	681,400 MHz
	-132,0 dBm
	151 dB
	1248,200 MHz
	-70,0 dBm
	89 dB

	9th harmonic:
	766,575 MHz
	-132,0 dBm
	151 dB
	1404,225 MHz
	-77,0 dBm
	96 dB

	10th harm:
	851,750 MHz
	-132,0 dBm
	151 dB
	1560,250 MHz
	-80,0 dBm
	99 dB


For information: The most restrictive limit in Recommendation ITU-R SM.329 (Cat B) corresponds to an attenuation of 76 dBc.

In addition to the measurement at the transmitter output, the harmonics of Tx2 and an additional Tx3 were also measured off-air as field strength or power flux density (pfd):

Table 8: Harmonic levels of measured Land Mobile stations at Tx output and off-air

	
	
	Tx2 (attenuation)
	Tx3 (attenuation)

	harmonic
	frequency
	Tx-output
	off air
	Tx-output
	off air

	Fundamental:
	156,025 MHz
	0 dB
	0,0 dB
	0 dB
	0,0 dB

	2nd harmonic
	312,050 MHz
	90 dB
	80,3 dB
	23 dB
	86,3 dB

	3rd harmonic:
	468,075 MHz
	88 dB
	57,8 dB
	85 dB
	75,8 dB

	4th harmonic:
	624,100 MHz
	81 dB
	75,4 dB
	104 dB
	93,4 dB

	5th harmonic:
	780,125 MHz
	78 dB
	80,0 dB
	125 dB
	97,0 dB

	6th harmonic:
	936,150 MHz
	92 dB
	
	136 dB
	

	7th harmonic
	1092,175 MHz
	86 dB
	76,2 dB
	151 dB
	> 84 dB

	8th harmonic:
	1248,200 MHz
	89 dB
	87,0 dB
	151 dB
	> 84 dB


9.1.3 Mobile devices in the 406-430 MHz band -TETRA characteristics in the spurious domain
According to ITU-R Recommendation SM.329-12, the spurious emission limits equals –36 dBm for 30 MHz   ≤ f < 1 GHz (category B adopted in Europe, table 3) for land mobile systems. This is an absolute value which is widely adopted in Europe and usually, the real value is lower.

For category A systems, the attenuation (dB) supplied to the antenna transmission line is: 43 + 10 log P, or 70 dBc, whichever is less stringent, with P = mean power (W) at the antenna transmission line, in accordance with RR No. 1.158.

Therefore, taking into account that typical power values for Base stations and hand held terminals respectively vary between 30 W and 1 W, the corresponding spurious levels are - 13 dBm, which is obviously less stringent than the limit of -36 dBm valid for category B.

Concerning the TETRA devices, according to ETSI standards EN 300 392-2 or EN 300 394-1, we have the following requirements for different classes (the emission bandwidth equals 25 kHz). 

The maximum allowed power for each spurious emission shall be less than -36 dBm measured in a 100 kHz bandwidth in the frequency range 9 kHz to 1 GHz.
The wideband noise levels are shown in the following table and are valid for a filter of 25 kHz bandwidth.
Table 9: TETRA noise levels in the unwanted domain
	Frequency offset
	Maximum level for power levels below 1W
	Maximum level for power levels between 1.8 and 3 W
	Maximum level for power levels above 5.6 W

	25 kHz
	-55 dBc
	-60 dBc
	-60 dBc

	50 kHz
	-55 dBc
	-60 dBc
	-60 dBc

	75 kHz
	-70 dBc
	-70 dBc
	-70 dBc

	100 to 250 kHz
	-75 dBc
	-78 dBc
	-80 dBc

	250 to 500 kHz
	-80 dBc
	-83 dBc
	-85 dBc

	500 kHz to 5 MHz
	-80 dBc
	-85 dBc
	-90 dBc


All these relative levels in the table above are expressed in dBc (see previous definitions) and are obviously more stringent than the attenuations as mentioned in ITU-R SM.1541-4.
It is to be noted that the frequency offsets above 75 kHz are outside the OOB domain and are within the spurious domain. Therefore, starting a frequency offset of 75 kHz we can note that all the attenuations in dBc correspond to spurious emissions in relative, not in an absolute way as mentioned before. The following table makes the conversion into absolute spurious limits for specific value of output powers and frequency offsets, 

Table 10: TETRA spurious absolute levels for a 25 KHz bandwidth
	Frequency offset
	Maximum spurious levels for power levels of 1W
	Maximum spurious levels for power levels of 3 W
	Maximum spurious levels for power levels of 5.6 W

	75 kHz
	-40 dBm
	-35.2 dBm
	-32.5 dBm

	100 to 250 kHz
	-45 dBm
	-43.2 dBm
	-42.5 dBm

	250 to 500 kHz
	-50 dBm
	-48.2 dBm
	-47.5 dBm

	500 kHz to 5 MHz
	-50 dBm
	-50.2 dBm
	-52.5 dBm


We can see that, in some cases, the spurious absolute value can be higher than the -36 dBm for a filter of 100 KHz (which is equivalent to -42 dBm for 25 KHz when close to the lower boundary of the spurious domain. However, for the rest of the spurious domain, the levels are lower than the already specified -36 dBm/100 kHz.
9.1.4 Radiodetermination 

This section shows examples of two different radar types (taken from ECC Report 174), and for each type an example of radar which meets the requirements and radar which does not operate within the requirements: 
Civil Air Traffic Control Radars in 2.7 GHz with range from 2 – 14 GHz:
An example which complies with the requirements:
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Figure 1: Civil Air traffic Control radar spectrum from 2 to 14 GHz
The centre frequencies of the 2 signals are 2765 & 2885 MHz and hence an offset will need to be applied to take account of the fact that the lowest assignable frequency is 2750 MHz.  
An example which does not comply with the requirements:
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Figure 2: Civil Air traffic Control radar spectrum from 2 to 14.5 GHz
Civil Air Traffic Control Radars in 2.7 GHZ with range from 2.6 to 3 GHz

An example which complies with the requirements 
[image: image35.wmf]Civil Air Traffic Control Radar - Ground Based

ASR 10 -

 

S band Solid State

Known interference signals removed

-110

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

2.6

2.62

2.64

2.66

2.68

2.7

2.72

2.74

2.76

2.78

2.8

2.82

2.84

2.86

2.88

2.9

2.92

2.94

2.96

2.98

3

Frequency (GHz)

RBw=1MHz

SP Mask part 1

SP Mask part 2


Figure 3: Civil Air traffic Control radar spectrum from 2.6 to 3 GHz

An example which does not comply with the requirements 
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Figure 4: Civil Air traffic Control radar spectrum from 2.6 to 3 GHz
9.1.5 Conclusions for analogue systems in spurious domain

TBD
9.2 Example measurements of spurious emissions for digital systems
The following sections show emissions in the main part of the spurious domain for some selected radio systems. To enhance accuracy, the measurements themselves were usually made with a resolution bandwidth that is smaller than the reference bandwidth in Recommendation ITU-R SM.329. The actual curves to compare with the spurious limits were derived by integration of the power flux density (PSD) over the measured samples taken inside the reference bandwidth.
9.2.1 GSM
For the key parameters of the GSM standard are described in section  8.3.5 GSM. 
The measurements were done at the transmitter output of a common GSM base station on the so-called “C1” frequency (930.6 MHz) carrying the broadcast channel (BCCH). Although GSM is a TDMA system and normally transmits in bursts, the C1 frequency is continuously transmitted with full power. Therefore, external triggering was not necessary to measure the RMS level in the OoB domain. 
The measurements were done with a resolution bandwidth of 30 kHz. The output power of the GSM station was 15W = 42 dBm. This corresponds to the in-channel receive level in 100 kHz bandwidth of 30 dBm. The level axis in figure 4-8 can therefore be converted to directly reflect radiated power in 10 kHz bandwidth by adding 10 dB.
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Figure 25: GSM900 spurious emissions (upper frequency range)
The 2nd harmonic could not be seen above the noise floor of the measurement receiver which means that it was below -100 dBm (receive level in 100 kHz), corresponding to less than -90 dBm (transmit level in        100 kHz bandwidth). Emissions were measured but not recorded above the 2nd harmonic., because above 110 MHz offset there were no emissions found above the noise floor.

The results show that the spurious limit of Recommendation ITU-R SM.329 is met with large margin. In fact, the spurious emissions are typically between 40 and 60 dB below the limit.

At offset of 60 MHz and more the spurious emission limit in the Recommendation ITU-R SM.329 needs to be reconsidered.
9.2.2 LTE 800

Measurements which have been performed so far for this type of equipment show that there are no spurious emissions exceeding the limits specified in ERC REC 74-01.  

9.2.3 DECT
For the key parameters of the Digital Enhanced Cordless Telephone standard see section 8.3.6 DECT.
The measurements were made radiated (off air) because the equipment usually has no external antenna connectors. The measured levels are RMS during the bursts only (average-burst level). External triggering was used to synchronize the measurement with the transmitted bursts.
The measurements were done with a resolution bandwidth of 100 kHz. The radiated power of the DECT station was 250 mW = 24 dBm. This corresponds to the in-channel receive level in 1 MHz which was ‑12 dBm. The level axis in figure 4-1 can therefore be converted to directly reflect radiated power in 1 MHz bandwidth by adding 36 dB.
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Figure 26: DECT spurious emissions (upper frequency range)
The harmonics were measured separately with the following results:
Table 11: Harmonic levels of measured DECT base stations
	
	Tx1
	Tx2

	
	frequency
	level/1MHz
	attenuation
	frequency
	level/1MHz
	attenuation

	Fundamental
	1881,6 MHz
	-6,0 dBm
	0,0 dBc
	1890,4 MHz
	-8,0 dBm
	0,0 dBc

	2nd harmonic
	3763,2 MHz
	-80,0 dBm
	74,0 dBc
	3780,8 MHz
	-77,0 dBm
	69,0 dBc

	3rd harmonic
	5644,8 MHz
	-79,0 dBm
	73,0 dBc
	5671,2 MHz
	-85,0 dBm
	77,0 dBc

	4th harmonic
	7526,4 MHz
	< -88 dBm
	> 82 dBc
	7561,6 MHz
	< -88 dBm
	> 80 dBc


For information: The most restrictive limit in Recommendation ITU-R SM.329 (Cat D between OoB border and 1919,45 MHz) corresponds to an attenuation of 66 dBc.

The results show that the spurious limit of Recommendation ITU-R SM.329 is met with large margin. In fact, the spurious emissions are typically 20 dB below the limit.

At offset of 40 MHz and more the spurious emission limit in the Recommendation ITU-R SM.329 needs to be reevaluated.

9.2.4 
UMTS

For the key parameters of the UMTS standard see section 8.3.7 UMTS.
The measurements were done at the transmitter output of a common UMTS base station on 2152.4 MHz.
The measurements were done with a resolution bandwidth of 30 kHz. The output power of the UMTS station was 3W = 35 dBm. This corresponds to the in-channel receive level in 1 MHz bandwidth of 20 dBm. The level axis in Figure 4-7 can therefore be converted to directly reflect radiated power in 1 MHz bandwidth by adding 15 dB.
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Figure 27: UMTS spurious emissions (upper frequency range)

The measurement was only done at the beginning of the spurious domain where the spurious limit of Recommendation ITU-R SM.329 is just met. However, the falling spectral levels towards the right end already show that the spurious levels lower considerably at higher frequency offsets.

If possible to add some measurements at higher offsets.
9.2.5 
RLAN

The same RLAN devices as for the OoB domain were measured. For key RF parameters see section 8.3.10: RLAN devices in the 2.4 GHz band. The spurious domain starts at 40 MHz offset.
The levels in the following graph are normalized so that 0 dB corresponds to the total AV-burst power (= power of the unmodulated carrier).

The measurements were done with a resolution bandwidth of 300 kHz. The output power of all stations was 100 mW = 20 dBm. This corresponds to a total in-channel receive level of 12 dBm in 16 MHz bandwidth. The level axis in Figure 38  can therefore be converted to directly reflect radiated power in 1 MHz bandwidth by adding 8 dB.
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Figure 28: RLAN spurious emissions (upper frequency range)
The measurements were done with a resolution bandwidth of 300 kHz. The output power of all stations was 100 mW = 20 dBm. This corresponds to a total in-channel receive level of 12 dBm in 16 MHz bandwidth. The level axis in Figure 38  can therefore be converted to directly reflect radiated power in 1 MHz bandwidth by adding 8 dB.

The harmonics were measured separately with the following results:

Table 12: Harmonic levels of measured RLAN routers

	
	Tx 1
	Tx 2
	Tx 3

	
	frequency
	level
/10MHz
	atten.
/1MHz
	frequency
	level
/10MHz
	atten.
/1MHz
	frequency
	level
/10MHz
	atten.
/1MHz

	Fundamental
	2427 MHz
	-17,0 dBm
	 
	2432 MHz
	9,0 dBm
	 
	2412 MHz
	-27,0 dBm
	 

	1st harm.
	4854 MHz
	< -77 dBm
	> 72 dBc
	4864 MHz
	-62,0 dBm
	83 dBc
	4824 MHz
	<-80 dBm
	> 64 dBc

	2nd harm.
	7281 MHz
	< -77 dBm
	> 72 dBc
	7296 MHz
	-65,0 dBm
	86 dBc
	7236 MHz
	<-80 dBm
	> 64 dBc

	3rd harm.
	9708 MHz
	< -77 dBm
	> 72 dBc
	9728 MHz
	-66,0 dBm
	87 dBc
	9648 MHz
	<-80 dBm
	> 64 dBc


For information: The most restrictive limit in Recommendation ITU-R SM.329 (Cat B) corresponds   to an attenuation of 50 dBc.

The results show that the spurious limit of Recommendation ITU-R SM.329 (Cat B) is met with significant margin. In fact, the spurious emissions are typically 15 dB below the limit.

At offset of 40 MHz and more the spurious emission limit in the Recommendation ITU-R SM.329 (Cat B) needs to be reevaluated.

9.2.6 Conclusions for digital systems in spurious domain

9.2.6.1 Boundary between OoB and spurious domain (Stella – check with 4)
Generally the border between OoB and spurious domain is at an offset of 250% of the necessary bandwidth. This definition suffers from the same problems than the start of the OoB domain. Nevertheless, it has to be specified in relation to the bandwidth of the signal. Furthermore, it should be defined in a way that modulation-related emissions are mostly within the OoB domain while unwanted emissions due to the frequency generation and mixing processes are in the spurious domain. This is because of the different spectral shape of the two unwanted emissions and the different measures applicable to optimize them.

OoB measurements have shown that in some cases unwanted emissions due to modulation and switching show up as far as 250% of the [occupied] bandwidth. 
Examples are FM broadcast, and RLAN. For some other systems, however, these emissions already disappear in the broadband noise floor of the amplifier at much lower offsets. Examples for this are DVB‑T, Land Mobile (PMR), UMTS and LTE800. 
Overall, the used offset of 250% of the [occupied] bandwidth seems to be a reasonable value, even for wideband signals such as RLAN. Modulation-related emissions have not been detectable outside this border as usually their level is already too low to be above the noise of the measurement receiver, in which case their interference potential may be neglected.

[Occupied bandwidth was considered as a basis for the most of the measurements presented in this Report as this was the only bandwidth which could be measured if precise value is not specified in the standard].  
9.3 Discussion – at next meeting
The above examples have illustrated that the unwanted emissions 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.
 Editors note: to be put in the annex for the time being. From ECC report 174

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 may be up to 40 dB (e.g. GSM) better at offsets around 40 MHz or more 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 after 40 MHz offset. It is also obvious for smaller offsets  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.
Should the group distinguish between the harmonics and other spurious emissions when results will be interpreted?
10 Result of measurement campain evaluation- Next meeting
Results of measurements are summarised in the table below. Conclusions on the results are provided on analogue systems and on digital separately, focusing on behaviour of the real equipment in the out-off-band domain, spurious domain and the border between them, and compare the results with the existing regulatory limits. 

	Service
	OOB domain
	Spurious domain
	Boundary
	Remarks

	Analogue systems

	FM broadcast
	Emissions are at least 10 dB below the limit
	Influence of the modulation is dominating up to 2 MHz offset from the centre frequency, above 2 MHz the emissions look like a noise floor (18 dB bellow the limits) with a lot of spikes at least 10 dB below the limit
	
	For spurious emissions only 1 Tx was measured

	Land Mobile
	As the equipment has to meet the harmonised standards, the OOB limit is more relaxed
	Spurious emissions  there presented by spikes, so the limits define maximum of spikes or harmonics. Some equipment do not meet the European level. But the bottom level is much lower around 20 dB
	The boundary according to the ITU-R SM1539 should be at 62.5kHz (for Bn<25 kHz).  From the picture we can see, that at 15 kHz the spurious domain behavior already starts.
	This is very narrow band system

	Radiodetermination in 2.7 GHz band
	
	
	
	Only 1 transmitter  was measured. For better comparison measurements from ECC Reports 174 and 157 will be inserted

	Digital systems

	DAB+
	
	
	
	For OOB emissions only 1 Tx was measured, measurements have to be checked 

	DVB-T
	We can just mention  that for this Tx (using an 8-cavity band pass filter) emissions in the neighboring channels are 20 dB bellow the OOB limits
	
	
	Only 1 Tx was measured

	LTE800
	The emission levels for base stations  as well for terminals become flat (have spurious domain behavior) at a lower offsets than expected according to the 250% BW rule
	
	The boundary  rule is 250% of Bn, also for the OFDM systems 
	some measurements for spurious emissions have to be done

	GSM
	
	
	
	Measurements have not been evaluated yet

	DECT
	
	
	
	Measurements have not been evaluated yet

	UMTS
	The emission levels for base stations become flat (have spurious domain behavior) at a lower offsets than expected according to the  250% BW rule
	
	The boundary  rule is 250% of Bn, also for the CDMA systems 
	some measurements for spurious emissions have to be done

	RLAN devices in the 2.4 GHz band
	
	
	
	Measurements have not been evaluated yet

	Mobile devices in the 2.6 GHz band
	
	
	
	Measurements will have to be checked

	Mobile/Fixed devices in the 3.4 GHz band
	
	
	
	Measurements will have to be checked 

	SRD in 122-123 GHz frequency band
	
	
	
	Just theoretical considerations


First evaluation shown an interesting results for analogue land mobile services, where the regulatory limit in accordance with Table 2 of ITU-R Recommendation SM.1539 spurious domain  should start at: 62.5 kHz offset for all systems having  bandwidth equal or less than 25 kHz. But the measurements show that even the usual boundary for OoB emissions for majority of other narrow band systems (which is 250% of the necessary bandwidth according to ITU-R Rec. SM.1541) with the channel spacing 12.5 kHz and 6.25 kHz  appears to be quite generous. As the last version of the Recommendation ITU-R SM.1539 is from 2002, the SE21 group observed, that it could be revised, in order to take into account narrow band systems with the channel spacing 12.5 kHz and 6.25 kHz.

As well for digital systems e.g. LTE800 and UMTS measurement results shows better behavior as emission levels for base stations become flat at a lower offsets than 250% BW rule. The number of measurements is currently very low. A lot more measurements of different equipment would be needed to make conclusions
11 conclusions - Next
In recent studies the limits for Spurious Emissions have been interpreted in different ways 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 a better characterisation of the unwanted emissions  as an appropriate and adequate description to achieve the most efficient spectrum usage in the long-term. 

ANNEX 1: Measurement process and setup
To enhance the dynamic range of the measurement receiver/analyzer, the wanted signal was always suppressed by a tuneable filter. The filtered spectrum on the wanted channel/frequency as well as in the OoB or spurious domain was measured and recorded. In a second measurement, using the same receiver/analyzer settings, the attenuation (frequency response) of the filter was measured and recorded. Then, using a software tool (MS Excel), both curves were added to retain the original spectrum of the signal. The measurement was controlled by a computer.

Depending on the application, frequency and bandwidth of the signal under test, a band pass filter or a band stop filter was used. For spurious emissions, a band stop filter tuned to the wanted frequency was preferred as it allows measuring the whole spurious range at once. For OoB measurements, band pass filters tuned to the frequency range of the Out-of-band domain to be measured, could also be used.
Figure 2-1

 Principle measurement setup


For those transmitters that had accessible antenna output ports, the signal was directly taken from this output, after a suitable attenuation (dummy load) that also provides a proper load resistance matching to the transmitter.

Those transmitters that did not have an antenna port were measured radiated in a G-TEM cell with known RF properties.

The measurement bandwidth was always chosen to be equal to, or smaller than, the reference bandwidth stated in the relevant Recommendation. Especially in the vicinity of peak spurious emissions and in the OoB domain close to the wanted frequency it is necessary to use a narrow measurement bandwidth because otherwise the measured spectrum would be unduly widened, leading to an overestimation of the unwanted level.

The signal levels (or spectral densities) taken in the selected measurement bandwidth were linearly converted to the corresponding levels or power densities in the reference bandwidths using the formula:
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For TDMA systems that transmit in bursts, the limits usually apply to the times where the transmitter is on. Unless the peak level is specifically mentioned in the Recommendation, the average burst level has to be measured which is the RMS level during the burst only. This was done by externally triggering the measurement receiver to the burst start and adjusting the measurement time to match the burst length. The trigger was derived from a second spectrum analyzer, operated in zero span mode and tuned to the wanted frequency.
Figure 2-2

Setup for measurements of TDMA systems







ANNEX 2: the results from measurement campaigns
A2.1 Methods used by Germany

A2.1.1 Introduction

ITU-R SM.1541 covers the out-of-band (OoB) domain. It contains definitions of various terms used in the context of unwanted emissions, general OoB limits for many services and principally describes ways to measure conformance with the limits. OoB limits for many modern digital systems are not given, e. g. digital cellular systems, short range devices (SRD), personal communication systems (PCS).
ITU-R SM.329 covers unwanted emissions in the spurious domain. It describes measurement methods and contains general limits.

This document presents results of measurements of various analogue and digital systems both in the OoB and spurious domain. It may serve to start a discussion on the current definitions of OoB and spurious limits given in the ITU / CEPT Recommendations and / or standards, especially on the ways chosen to define these limits, because the properties of unwanted emissions from digital transmitters may be principally different from analogue ones. 
A2.1.2 Out of band domain
A2.1.2.1 General

Generally, the out-of-band (OoB) domain starts at a frequency offset of 0.5 times the necessary bandwidth and extends up to 2.5 times the necessary bandwidth. However, for very narrowband and wideband emissions, there may be exceptions for the upper boundary. For these cases the upper boundary defined in ITU-R SM.1539.

ITU-R SM.1541 often describes the maximum OoB emissions as a spectrum mask. The 0 dB reference is either the total power of the signal which is equal to the power of the unmodulated carrier (dBc) or the maximum in-band spectral density (dBsd) recorded with a certain reference bandwidth. Generally, for analogue systems a dBc reference, for digital systems a dBsd reference is regarded most suitable.

Since the shape of practical OoB masks strongly depends on the particular system, ITU-R SM.1541 does not provide general OoB limits but only specifies them for a number of selected radio services. For other services applicable standards and service-specific Recommendations should be consulted.

ITU-R SM.1541 describes two different approaches to assess compliance with OoB limits:

· The integrated power in an adjacent band or channel

· Comparison of the measured spectral density with an OoB spectrum mask.

The Recommendation already considers distinguishing between noise-like and line spectra in the OoB domain and the possible need of different limits for both. 

A2.1.2.2 Example measurements of OoB emissions

The following paragraphs show spectrum measurements of selected sample analogue and digital systems in the OoB domain. To enhance accuracy, the measurements were often done with a resolution bandwidth that is smaller than the reference bandwidth in which the spectrum mask is defined. To enable direct comparison between measured spectral density and limit mask, one of the two is converted into the bandwidth of the other.

Editorial note: The figures should have OOB, spurious emission frequency offset and the limits for information only to compare with the measurements
ANNEX 3: Categories of spurious domain emission limits defined in 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 (see ITU-R SM 1539, ITU-R SM 1540, ITU-R SM 1539); 
· 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


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.
ANNEX 4: List of reference

[1] ECC Report 174 ‘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’
[2] ERC/RECOMMENDATION 74-01E ‘Unwanted emissions in the spurious domain’ 
[3] ITU-R Recommendation 329 ‘Unwanted emissions in the spurious domain’
[4] ITU-R Recommendation 1539 ‘Variation of the boundary between the out-of-band and spurious domains required for the application of Recommendations ITU-R SM.1541 and ITU-R SM.329’.  
[5] ITU-R Recommendation 1541 ‘Unwanted emissions in the out-of-band domain’
[6] ECC Report 207 on adjacent band co-existence of SRDs in the band 863-870 MHz in light of the LTE usage below 862 MHz
[7] ECC REC(11)06 ‘Block Edge Mask Compliance Measurements for Base Stations’
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�How is the measurement procedure understood by the monitoring people?


�


�Limit should be verified


�To be checked by Karl


�to be checked


�to be checked


�Rather put other examples: mobile systems, GSM, ...
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