3GPP TR XX.xxx Vy.y.y (2006-09)
1
Release 7

6.6
Output RF spectrum emissions

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 ‎‎[10] and the Radio Regulations ‎[11]. 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.

<Text will be added>
6.6.1
Occupied bandwidth

6.6.1.1
Background for occupied bandwidth requirement in UTRA

Occupied band width is one way of specifying out-of-band emissions as described in Clause 6.6.2.1. The occupied bandwidth is defined in ITU-R SM.328 ‎[9] and ITU-R Radio Regulations ‎[11]:

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%. ‎[9] ‎[11]
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 the UE in RAN4 specifications.

<Text will be added>

6.6.2
Out of band emission

Out of band emissions are unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and Adjacent Channel Leakage power Ratio.

6.6.2.1
Background for UE out-of-band emission requirements in UTRA

The core requirements for out-of band emissions are specified for the UE in TS 25.101‎[7]. The corresponding test requirements are in TS 34.121. 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 6.6.2-1 for the UE. 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 6.6.2-1 Summary of regulatory references for UE requirements
	Requirement
	RAN4
TS 25.101 ‎[7]
	Definition 
	Some relevant regulatory references

	Occupied bandwidth
	6.6.1
	ITU-R
SM.328
(1.13) ‎[9]
	ITU Radio Regulations No. S1.153 ‎[11]

	Spectrum emission mask
	6.6.2.1
	ITU-R
SM.1541 ‎[18]

Limits fined in 3GPP ‎[7]
	ITU-R M.1581 (Annex 1.2) ‎[8]: Band I limits included.

FCC Title 47 part 24.238 ‎[12]: Band II limits.
FCC Title 47 part 27.53 ‎[12] Band IV limits.
FCC Title 47 part 22.917 ‎[12]: Band V limits.

ERC Report 65 ‎[13]: Based on Band I limits.
ECC Report 045 ‎[14]: Based on Band VII limits.
ECC Report 082 ‎[15]: Based on Band III and VIII limits. 

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

	ACLR
	6.6.2.2
	ITU-R
SM.1541 ‎[18]

Limits defined in 3GPP ‎[7]
	ITU-R M.1581 (Annex 1.3) ‎[8]: Band I limits included.
ITU-R M.2039 ‎[16]: ACLR limits included.
ERC Report 65 ‎[13]: Based on Band I limits.
ECC Report 045 ‎[14]: Based on Band VII limits.
ECC Report 082 ‎[15]: Based on Band III and VIII limits. 

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


6.6.2.1.1
UE Spectrum emission mask as specified in UTRA
ITU-R SM.328 ‎[9] and SM.1541 ‎[18] 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 the UE 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 ‎[8] 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 ‎[12] 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 ‎[13] ‎[14] ‎[15]. These reports were partly developed in co-operation with 3GPP.

The UTRA UE mask ‎[7] 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 ‎[10]. 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 UE spectrum mask for the UE is mandatory in RAN4 specifications, to allow for global circulation of terminals. 

6.6.2.1.1
ACLR as specified in UTRA
ITU-R SM.1541 ‎[18] 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 ‎[13] ‎[14] ‎[15].  For Band I, ACLR is also included in the ITU-R recommendations M.1581 ‎[8] on IMT-2000 unwanted emissions. It is also included in ITU-R report M.2039 ‎[16] 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.
6.6.2.2
UE Spectrum emissions mask for LTE

LTE should have a spectrum emissions mask requirements (SEM) defined for the UE, based on the following prerequisites.

· SEM should be defined with a reference bandwidth of [100 kHz]. It would have to be verified if this number will be suitable also for matching the mask in the first adjacent MHz as defined in ERC Report 65. 
· The SEM limit should also be set to allow some variations due to varying power allocation between resource blocks.

· FCC requirements [12] which apply mainly in Region 2 should be defined separately as an absolute limit and may need a smaller measurement bandwidth in some cases. They apply for bands II, IV, V and X as additional limits.
· For the larger carrier bandwidths, the OOB domain will stretch outside the operating band. Emission limits must then be set carefully considering co-existence with adjacent band systems.
6.6.2.2.1
UE Spectrum emissions mask requirement specification

The Spectrum emissions mask requirements will apply for frequencies that are closer to Fc than 250% of the necessary bandwidth of LTE. Frequencies that are separated from the carrier frequency Fc by more than 250% of the necessary bandwidth are part of the spurious domain, where the spurious emission limits apply as described in Clause 6.6.3. The necessary bandwidth is taken to be equal to the RF bandwidth of the LTE carrier.
The principle for the Spectrum emissions mask is shown in Figure 6.6.2-1. The complete mask will be in the out-of-band domain. 
Table 6.6.2-2: Definition of Out-of-band domain

	RF Bandwidth
	Out-of-band domain

	20 MHz
	Fc – 50 MHz  to Fc + 50 MHz

	15 MHz
	Fc – 37.5 MHz  to Fc + 37.5 MHz

	10 MHz
	Fc – 25 MHz  to Fc + 25 MHz

	5 MHz
	Fc – 12.5 MHz  to Fc + 12.5 MHz

	[Y MHz]
	[Fc – 2.5Y MHz  to F + 2.5Y MHz]

	[X MHz]
	[Fc – 2.5X MHz  to F + 2.5X MHz]

	Note: Fc is the centre frequency of the carrier
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Figure 6.6.2-1 Defined frequency range for Spectrum emissions mask with an example RF carrier and related mask shape (actual limits are TBD).
Emissions shall not exceed the maximum level specified in the tables below where:

-
(f is the separation between the carrier frequency and the centre of the measurement bandwidth.

- 
For measurements close to the carrier, a smaller measurement bandwidth can be used, from which the power over 100 kHz is integrated.
Table 6.6.2-3: Spectrum emissions mask limit values for 20 MHz carrier bandwidth
	Frequency offset of measurement filter (f
	Minimum requirement
	Measurement bandwidth

	
	Relative requirement
	Absolute requirement
	

	10.05 MHz ( (f < x MHz
	TBD
	TBD
	100 kHz 

	…
	
	
	100 kHz 

	
	
	
	100 kHz 

	y MHz ( (f ( 49.95 MHz
	TBD
	TBD
	100 kHz 


Table 6.6.2-4: Additional Spectrum emissions mask limit values for band II, IV, V, X, and 20 MHz carrier bandwidth
	Frequency offset of measurement filter (f
	Minimum requirement
	Measurement bandwidth

	10.015 MHz ( (f < 10.985 MHz
	[-21 dBm]
	30 kHz 

	11.5 MHz ( (f < 49.5 MHz
	[-13 dBm]
	1 MHz


Table 6.6.2-5: Spectrum emissions mask limit values for 10 MHz carrier bandwidth
	Frequency offset of measurement filter (f
	Minimum requirement
	Measurement bandwidth

	
	Relative requirement
	Absolute requirement
	

	5.05 MHz ( (f < x MHz
	TBD
	TBD
	100 kHz 

	…
	
	
	100 kHz 

	
	
	
	100 kHz 

	y MHz ( (f ( 24.95 MHz
	TBD
	TBD
	100 kHz 


Table 6.6.2-6: Additional Spectrum emissions mask limit values for band II, IV, V, X, and 10 MHz carrier bandwidth
	Frequency offset of measurement filter (f
	Minimum requirement
	Measurement bandwidth

	5.015 MHz ( (f < 5.985 MHz
	[-18 dBm]
	30 kHz 

	6.5 MHz ( (f < 24.5 MHz
	[-13 dBm]
	1 MHz


Table 6.6.2-7: Spectrum emissions mask limit values for 5 MHz carrier bandwidth
	Frequency offset of measurement filter (f
	Minimum requirement
	Measurement bandwidth

	
	Relative requirement
	Absolute requirement
	

	2.55 MHz ( (f < x MHz
	TBD
	TBD
	100 kHz 

	…
	
	
	100 kHz 

	
	
	
	100 kHz 

	y MHz ( (f ( 12.45 MHz
	TBD
	TBD
	100 kHz 


Table 6.6.2-8: Additional Spectrum emissions mask limit values for band II, IV, V, X, and 5 MHz carrier bandwidth
	Frequency offset of measurement filter (f
	Minimum requirement
	Measurement bandwidth

	2.515 MHz ( (f < 3.485 MHz
	[-15 dBm]
	30 kHz 

	4 MHz ( (f < 12 MHz
	[-13 dBm]
	1 MHz
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