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1 Introduction

Unwanted emissions are divided into “Out-of-band emission” and “Spurious emissions” in 3GPP RF specifications. This notation is in line with ITU-R recommendations such as SM.329 ‎[7] and the Radio Regulations [9]. ITU defines:
Out-of-band emission = Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions.
Spurious emission = Emission on a frequency, or frequencies, which are outside the necessary bandwidth and the level of which may be reduced without affecting the corresponding transmission of information. Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and frequency conversion products but exclude out-of-band emissions.
Unwanted emissions = Consist of spurious emissions and out-of-band emissions.
This contribution gives an overview of regulatory requirements on out-of-band emissions, how they are applied today in 3GPP and how they can be specified for LTE.

2 Out-of-band emissions in RAN4 specifications today

The core requirements for out-of band emissions are specified for the UE in TS 25.101 [1] and TS 25.104 [2]. The corresponding test requirements are in TS 34.121 and TS 25.141. There are several ways of specifying Out-of-band emissions. Three ways are used in RAN4 specifications, namely Occupied Bandwidth, Spectrum emission mask and Adjacent Channel Leakage Ratio (ACLR).

References for the Out-of-band requirements are summarised in Table 1 for the UE and in Table 2 for the BS. The tables give references to RAN4 core specs, to where the term is defined and to some relevant regulatory references. These regulatory references have either defined the limit value in 3GPP or they have used it as a basis for studies or recommendations.

Table 1 Summary of regulatory references for UE requirements

	Requirement
	RAN4
TS 25.101 [1]
	Definition 
	Some relevant regulatory references

	Occupied bandwidth
	6.6.1
	ITU-R
SM.328
(1.13) [7]
	ITU Radio Regulations No. S1.153 [9]

	Spectrum emission mask
	6.6.2.1
	ITU-R
SM.1541 [19]

Limits defined in 3GPP [1]
	ITU-R M.1581 (Annex 1.2) [5]: Band I limits included.

FCC Title 47 part 24.238 [10]: Band II limits.
FCC Title 47 part 27.53 [10]: Band IV limits.
FCC Title 47 part 22.917 [10]: Band V limits.

ERC Report 65 [11]: Based on Band I limits.
ECC Report 045 [12]: Based on Band VII limits.
ECC Report 082 [13]: Based on Band III and VIII limits. 

ETSI EN 301 908-2 [17]: Limits included.

	ACLR
	6.6.2.2
	ITU-R
SM.1541 [19]

Limits defined in 3GPP [1]
	ITU-R M.1581 (Annex 1.3) [5]: Band I limits included.
ITU-R M.2039 [14]: ACLR limits included.
ERC Report 65 [11]: Based on Band I limits.
ECC Report 045 [12]: Based on Band VII limits.
ECC Report 082 [13]: Based on Band III and VIII limits. 

ETSI EN 301 908-2 [17]: Limits included.


Table 2 Summary of regulatory references for BS requirements .
	Requirement
	RAN4
TS 25.104 [2]
	Definition 
	Some relevant regulatory references

	Occupied bandwidth
	6.6.1
	ITU-R
SM.328
(1.13) [7]
	ITU Radio Regulations No. S1.153 [9]

	Spectrum emission mask
	6.6.2.1
	ITU-R
SM.1541 [19]

Limits defined in 3GPP [2]
	ITU-R. M.1580 (Annex 1.2) [6]: Band I limits included. 
FCC Title 47 part 24.238 [10]: Band II limits.
FCC Title 47 part 27.53 [10]: Band IV limits.
FCC Title 47 part 22.917 [10]: Band V limits.

ERC Report 65 [11]: Based on Band I limits.
ECC Report 045 [12]: Based on Band VII limits.
ECC Report 082 [13]: Based on Band III and VIII limits. 

ETSI EN 301 908-3 [18]: Limits included.

	ACLR
	6.6.2.2
	ITU-R
SM.1541 [19]

Limits defined in 3GPP [2]
	ITU-R M.1580 (Annex 1.3) [6]: Band I limits included. 
ITU-R M.2039 [14]: ACLR limits included.

ERC Report 65 [11]: Based on Band I limits.
ECC Report 045 [12]: Based on Band VII limits.
ECC Report 082 [13]: Based on Band III and VIII limits. 

ETSI EN 301 908-3 [18]: Limits included.


3 Occupied bandwidth
The occupied bandwidth is defined in ITU-R SM.328 [7] and ITU-R Radio Regulations [9]:

Occupied bandwidth = The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage β/2 of the total mean power of a given emission. Unless otherwise specified by the Radiocommunication Assembly for the appropriate class of emission, the value of β/2 should be taken as 0.5%. [7] [9]
Occupied bandwidth is used in some regions as a regulatory requirement. It is not defined as a regulatory requirement by the FCC or CEPT/ECC and it is not used as input to any compatibility studies. It is today a mandatory requirement for both UE and BS in RAN4 specifications.
3.1 Need for Occupied bandwidth in E-UTRA

For E-UTRA, an occupied bandwidth value could be defined for each nominal bandwidth the system will operate with. It is however not necessary to define occupied bandwidth as input to e.g. co-existence studies performed in 3GPP or elsewhere.

4 Spectrum emission mask

ITU-R SM.328 [7] and SM.1541 [19] define “Permissible out-of-band spectrum (of an emission)” as the power density of emissions above and below the necessary bandwidth. The spectrum emission masks defined for both the UE and the BS in RAN4 specifications specify such limits of emissions, based on a necessary bandwidth of 5 MHz (+/-l 2.5 MHz from the carrier centre frequency). No limits are specified inside the necessary bandwidth. 
For Band I the masks are also included in the ITU-R recommendation M.1581 [5] and M.1580 [6] on IMT-2000 unwanted emissions. The spectrum masks were mostly based on studies of the spectrum shape of WCDMA emissions in early stages of RAN4 work. The masks are also limited by FCC regulations [10] for Bands II, IV and V.

The masks were used for several 3GPP co-existence studies as input parameters. In regulatory bodies, CEPT/ECC used the masks as input to several reports studying co-existence and adjacent channel compatibility for IMT-2000 [11] [12] [13]. These reports were partly developed in co-operation with 3GPP.
4.1 The UE mask [1]

The UE mask is defined from 2.5 MHz to 12.5 MHz from the UE carrier centre frequency. 12.5 MHz is selected as 250% of the necessary bandwidth, as recommended in ITU-R SM.329 [8]. The mask is defined with a 30 kHz resolution in the first MHz and with a 1 MHz resolution beyond that point. The mask is expressed in dBc, with an additional absolute limit.
The spectrum mask for the UE is mandatory in RAN4 specifications, to allow for global circulation of terminals. 

4.2 The BS mask [2]

The BS mask is defined from 2.5 MHz to a point which is either the operating band edge or 12.5 MHz from the UE carrier centre frequency, whichever is further away. This means that the mask limits emissions in the whole operating band in addition to the +/-12.5 MHz from the carrier centre. Also here, 12.5 MHz is 250% of the necessary bandwidth [8] and the mask is defined with a 30 kHz resolution in the first MHz and a 1 MHz resolution beyond that point. The limits of the mask vary in definition with the BS output power, but have fixed limits for BS powers above 43 dBm or below 31 dBm.
The spectrum mask is not mandatory in all regions and is listed as a regional requirement.

4.3 Need for spectrum masks in E-UTRA

It is clear that the spectrum masks has been a useful tool in compatibility studies and regulatory bodies such as CEPT/ECC have to some extent relied on UTRA emissions being limited by the “historical” WCDMA masks. That does however not necessarily mean that a mask for E-UTRA has to be defined, or that it has to be identical to the WCDMA mask. What is important is that some kind of assurance is provided for co-existence, through specified limits on Out-of-band emissions with a sufficient resolution. This must also account for the existing regulatory limits, such as FCC Title 47 [10] when applicable.
5 ACLR
ITU-R SM.1541 [19] defines Adjacent Channel Power as one way of defining limits on Out-of-band emissions. The term ACLR was defined by RAN4, to avoid confusion regarding related terms such as ACI, ACP and ACL:
Adjacent Channel Leakage power Ratio (ACLR) = The ratio of the RRC filtered mean power centred on the assigned channel frequency to the RRC filtered mean power centred on an adjacent channel frequency.
In combination with the corresponding receiver requirement on Adjacent Channel Selectivity (ACS), ACLR has been an extremely useful tool in co-existence and co-existence studies, both in 3GPP and in CEPT/ECC [11] [12] [13].  For Band I, ACLR is also included in the ITU-R recommendations M.1581 [5] and M.1580 [6] on IMT-2000 unwanted emissions. It is also included in ITU-R report M.2039 [14] that defines parameters to be used in co-existence studies for all IMT-2000 systems.
Together with ACS, the ACLR defines the Adjacent Channel Interference Ratio (ACIR) as 
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This relation and its application rely on identical assumed bandwidths in the ACLR and ACS definitions. If aggressor and victim have different bandwidths, both ACLR and ACS definitions have to account for exactly those bandwidths. This is not a problem for co-existence between two 5 MHz WCDMA system, but it becomes more complex when there are different systems involved or the bandwidth of a system is flexible as in E-UTRA.
It was therefore proposed by Ericsson in [15] to define Adjacent Subcarrier Set Leakage (ASSL) which in essence is the relation between the power per active resource block (or the total transmitted power) and the adjacent channel power leakage measured per resource block. It can be seen as a hybrid between an ACLR definition and a spectrum mask, since it defines the adjacent channel leakage, but with a higher resolution than ACLR does. In the proposal in [16], ASSL is based on 375 kHz measurement bandwidth i.e. the bandwidth of a resource block.
5.1 Need for ACLR requirements in E-UTRA
As was shown above, definition of adjacent channel leakage is essential for co-existence a compatibility studies. The original 3GPP definition of ACLR is useful for a fixed bandwidth system, but a new concept may be needed for E-UTRA. ASSL as proposed in [15] is a new concept for adjacent channel leakage that is adapted to flexible bandwidth systems E-UTRA.  
6 Consideration for regulatory references

It was demonstrated above and summarised in Table 1 and Table 2 that the Out-of-band limits are extensively referenced, included and applied by external regulatory bodies in recommendations, reports and co-existence studies. In defining new limits or maybe even new ways of defining limits for E-UTRA, those references should be considered and care taken to give assurance that E-UTRA provides sufficient compatibility with other services.

7 Proposal
It is proposed to adopt a definition of out-of-band limits for flexible bandwidth that is based on ASSL [16], carefully considering all regulatory references listed in this document. Specific regulatory requirements such as FCC Title 47 [10] must be included when applicable.
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� References to regulatory documents in ITU-R or from Region 1 and 2 have been referenced. Further input on regulatory references from other regions that define limits or that use the limits are welcome.





