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1. Introduction
This contribution discusses conditions for unwanted emissions for LTE BS and UE transmitter and possible ways how they can be transformed in appropriate LTE requirements. 
Only requirements applicable to the air interface are considered here, EMC related requirements are out of the scope of this document.
2. Requirements to be considered for LTE out of band emissions 
For the purpose of this document this document, unwanted emissions are emissions of the transmitter or receiver outside the nominal bandwidth of the LTE system.  Nominal bandwidths to be considered are 1.25, 2.5, 5, 10, 15 and 20 MHz as specified in TR25.913 [1]. This section lists requirements to be considered when deriving unwanted emission requirements for LTE.
2.1 ITU-R requirements

ITU-R classifies unwanted emissions in emissions in “out-of-band domain” and “spurious domain”. Relevant ITU-R recommendations for unwanted emissions are:
· SM.329 “Unwanted emissions in the spurious domain”

· SM.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”

· SM.1540 “Unwanted emissions in the out-of-band domain falling into adjacent allocated bands”

· SM.1541 ”Unwanted emissions in the out-of-band domain”

· SM 1535 “Protection of safety services from unwanted emissions”

· SM 1542 “Protection of passive services from unwanted emissions”

2.1.1  Emissions in the spurious domain

SM329 specifies the limits for the spurious domain which generally consists of frequencies separated from the centre frequency of the emission by 250% or more of the necessary bandwidth of the emission. The lower bound for unwanted emissions of a fundamental frequency between 600MHz and 5.2GHz is 30MHz, the upper bound the 5th harmonic. For the highest transmit frequency of 2690MHz this upper bound corresponds to 13.45GHz. It shall be noted that the upper bound for spurious emission in 3GPP specifications is 12.75GHz. It needs to be clarified which upper bound limit is applicable for LTE.
For LTE the same limits, measurement bandwidths (including the exceptions of annex 7) are applicable. However, the frequency separation of the spurious domain from the carrier centre frequency (or the boundary of emissions respectively) depends on the necessary bandwidth. 
It shall be noted that ITU-R SM329 may allow exceptions from the 250% rule:

Cited from SM329, section 2.3:

…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. …
In case of very narrow or wide bandwidth, this method of determining the spurious domain might not be appropriate and Recommendation ITU-R SM.1539 provides further guidance.

Annex 1 of SM1539 provides a set of guidelines on values of bandwidths across the spectrum at which the general definition needs to be varied and a set of known situations in which additional guidelines are required. In addition to the necessary bandwidth BN, two thresholds are introduced to determine the boundary between out of band emissions and spurious emissions in the narrow band and wideband cases. When the necessary bandwidth of the emission is less than the lower threshold value BL, the boundary is a constant 2.5 BL relative to the carrier centre frequency. Conversely, when the necessary bandwidth exceeds the upper threshold value BU, the boundary increases at a lower rate, having a value of 1.5 BN + BU relative to the carrier centre frequency. According to table 2 of  SM 1539 annex 1, for frequencies 30MHz<fc<1GHz BL is 25kHz and BU is 10MHz; for frequencies 1GHz<fc<3GHz BL is 100kHz and BU is 50MHz respectively. 

In addition, section 3 of annex 1 of SM1539 covers further exceptions for specific services and frequency ranges, in particular BN, BU and spurious domain boundary.
It can be observed that:

· Current ITU-R recommendations set the boundary between out of band emissions and spurious emissions relative to the necessary bandwidth.
· Applying SM1539 to the LTE system will allow to change this boundary only for 15MHz bandwidth (from fc+37,5MHz to fc+32,5MHz) and 20 MHz bandwidth (from fc+50MHz to fc+40MHz) when operating at carrier frequencies below 1GHz.
· Changing the out of band domain to spurious emission domain boundary from the current 250% nominal bandwidth rule requires an update of SM1539

2.1.2  Emissions in the out of band domain

SM1541 specifies emissions in the out of band domain. Considering LTE as land mobile service, annex 10 is applicable:

Cited from SM1541annex 10:

The masks contained in this annex are examples of some OoB masks used for the land mobile service. 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.

Appendix 1 to Annex 1 shows how a band power limit can be derived from an emission mask. here
Cited from SM1541 annex 1:

A limit for permissible OoB domain power can be derived from the limits imposed by a permissible OoB spectrum mask by integrating the mathematical expression for the curve over a specified frequency band. An example of this translation is provided in Appendix 1 for an example emission mask used in the land mobile service, the primary user of this method. Comparisons of limits so derived with actual limits adopted in mobile service standards reveal that mobile radio industry practice has been to establish limits significantly more stringent than those derived from an OoB mask in order to achieve spectrum efficiency.

It can be observed that:

· No generic out of band emission mask is specified in ITU-R recommendations.
· It is possible to specify out of band emission limits either by an emission mask or by adjacent channel power.
SM 1540 provides further guidelines to generate requirements to protect other services operating in adjacent allocated bands from unwanted emissions in the out-of-band domain. This is already considered in 3GPP specifications by requirements for co-existence with services in adjacent frequency bands. It is anticipated that the same requirements are applicable for the LTE system.
2.2 FCC requirements
It is assumed that the FCC part 24.238 requirements are applicable for the LTE system as well. It must be verified whether this assumption is valid for all frequency bands considered for LTE as FCC part 24 explicitly refers only band II frequencies.
Cited from FCC part 24.238:

(a) Out of band emissions. The power of any emission outside of the authorized operating frequency ranges must be attenuated below the transmitting power (P) by a factor of at least 43 + 10 log(P) dB.

(b) Measurement procedure. Compliance with these rules is based on the use of measurement instrumentation employing a resolution bandwidth of 1 MHz or greater. However, in the 1 MHz bands immediately outside and adjacent to the frequency block a resolution bandwidth of at least one percent of the emission bandwidth of the fundamental emission of the transmitter may be employed. A narrower resolution bandwidth is permitted in all cases to improve measurement accuracy provided the measured power is integrated over the full required measurement bandwidth (i.e. 1 MHz or 1 percent of emission bandwidth, as specified). The emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequency and one above the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter power.

It can be observed that:
· FCC requirements are specified relative to the upper or lower bound of the authorized operating frequency ranges.
· The requirement is fixed to -13dBm/MHz.
· In addition, the measurement bandwidth in the first MHz outside this range depends on the nominal bandwidth of the system, resulting in different requirements for each nominal bandwidth in this frequency range.
2.3 Requirements for protection of other radio systems
In 3GPP UTRA FDD specifications, additional optional spurious emission requirements exist to protect other FDD and GSM systems operating in other frequency bands in the same geographic area and for co-located base stations. It is assumed that these limits are applicable for the LTE system as well.
3. Proposal for LTE unwanted emission requirements

In 3GPP UTRA FDD and 3.84Mcps TDD, the bandwidth is fixed to 5 MHz. The breakpoint between the out of band domain and the spurious domain is fix at 12.5 MHz from the carrier centre frequency or 10 MHz from the edge of the nominal 5 MHz bandwidth. Emissions in the spurious domain are covered by spurious emission requirements while emissions in the out of band domain are covered by the spectrum emission mask and ACLR requirements. 

For the LTE system six bandwidth options are foreseen. It is desired to generate common set(s) of requirements applicable either to all or groups of bandwidth options.
The following can be assumed:

1. LTE system will be operated in the same frequency bands as current Rel-7 3GPP UTRA FDD, therefore the 3GPP limits for ACLR in the first and second 5MHz adjacent channel and in-band spurious emission will set a minimum boundary for backward compatibility reasons. 
2. The same additional spurious emission requirements for protection of other radio systems shall be met by the LTE system when applicable. 
3. To protect LTE systems in adjacent channels corresponding requirements are needed, however the limits of adjacent channel power (in terms of level and measurement bandwidth) are not yet known.

4. Even if FCC requirements are a regional requirement, they shall be considered as general requirement in the out of band domain. 
The out of band domain is dominated by the ACLR requirements. It is proposed to focus the work on the determination of the ACLR for all co-existence cases (LTE, WCDMA, GSM) considering assumption (1) for all bandwidths. When the required ACLR are known, it can be verified whether additional requirements are needed according to assumption (4)

Applying  the out of band domain – spurious domain boundary of a 5MHz channel (10MHz from block edge) to all bandwidths as proposed in [5] will for bandwidths of 5 MHz and above not be in conflict with current ITU regulations. For the smaller bandwidths an exception rule is required in SM1539. Any ALCR requirements, if falling in the new specified spurious domain shall overrule the spurious emission requirements if they are if more stringent.
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