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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 spurious emissions, how they are applied today in 3GPP and how they can be specified for LTE.

2 Spurious emissions in RAN4 specifications today

Spurious emissions are defined in ITU-R Radio Regulations [9] and SM.329 [8].

The core requirements for spurious 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.
References for the spurious emissions 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 spurious emissions limits
	Spurious emissions requirement
	RAN4
TS 25.101 [1]
	Definition 
	Some relevant regulatory references

	General
	6.6.3.1 Table 6.12
	ITU-R
SM.329 [8]
	ITU-R M.1581 (Annex 1.4) [5]: Band I limits included.

ITU-R SM.329 [8]: 
1.4 Necessary bandwidth

4.1 Reference bandwidths

4.3 Category B limits
ITU-R M.2039 [14]: Limits included by reference. 

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

	Co-existence with other bands
	6.6.3.1 Table 6.13
	Developed and defined in 3GPP.
	ITU-R. M.1581 (Annex 1.4) [5]: Band I limits included. 

ITU-R M.2039 [14]: Limits included by reference.

ETSI EN 301 908-2 [17]: Limits to protect GSM900 and GSM1800 are included. 


Table 2 Summary of regulatory references for BS spurious emissions limits.
	Spurious emissions requirement
	RAN4
TS 25.104 [2]
	Definition 
	Some relevant regulatory references

	General
	6.6.3.1
	ITU-R
SM.329 [8]
	ITU-R M.1580 (Annex 1.4) [6]: Band I limits included. 

ITU-R SM.329 [8]: 
1.4 Necessary bandwidth

4.1 Reference bandwidths

4.2 Category A limits

4.3 Category B limits

Annex 7. Reference BW (Cat. B) 

ITU-R M.2039 [14]: Limits included by reference. 

ETSI EN 301 908-3 [18]: Category B limits included.

	Co-existence with other bands
	6.6.3.2 to 6.6.3.7
	Developed and defined in 3GPP.
	ITU-R M.1580 (Annex 1.4) [6]: Band I limits included. 

ITU-R. M.2039 [14]: Limits included by reference. 
ETSI EN 301 908-3 [18]: Limits to protect GSM900 and GSM1800 in the same area included. 


3 General spurious emissions requirements
The general spurious emissions requirements and the corresponding reference bandwidths are taken from ITU-R recommendation SM.329 [8] for both the UE and the BS. The stricter Category B requirements were selected for the UE, to allow for global circulation of terminals. The general requirements are considered regional for the BS, since some regions may apply Category A and other Category B. Both are included in the BS specifications.

The requirements are only applicable for frequencies, which are greater than 12.5 MHz away from the carrier centre frequency. 12.5 MHz is selected as 250% of the necessary bandwidth, as recommended in ITU-R SM.329 [8].

Annex 7 of ITU-R SM.329 [8] allows for a reduced measurement bandwidth to be applied close to the carrier. The reduced measurement bandwidth is in 3GPP interpreted as an increase of the spurious emission limit for the base station in the BS Category B requirements. The interpretation has however been stricter than the ITU-R recommendations when applied in RAN4, since the increased spurious emission limit is only applied in the downlink part of the UMTS operating band plus an additional 10 MHz on each side of the band. This is further described in [19].
The spurious emissions requirements are included in ITU-R recommendations M.1581 [5] and M.1580 [6] on IMT-2000 unwanted emissions. They are also included in ETSI harmonised standards [17] [18] and referenced from ITU-R report M.2039 [14] that defines parameters to be used in co-existence studies for all IMT-2000 systems.

3.1 General spurious emissions requirements for E-UTRA

The spurious emissions requirements recommended in ITU-R SM.329 [8] are fundamental limits recommended for all types of services and should apply to E-UTRA as well. One problem arising for a flexible bandwidth system that also can have multiple carriers transmitted (from a BS) is the definition of necessary bandwidth. Which carrier/carriers define the necessary bandwidth? The necessary bandwidth will in turn define the frequency border between Out-of-band limits and spurious emission limits. Since spurious emission limits are in general stricter, the border has to be selected carefully.
This problem is brought up in [17] as it also affects how the reduced measurement bandwidth (or relaxed limit) is applied for the base station. A liaison activity is ongoing between ETSI TFES and CEPT ECC PT1 and WGSE/SE21 on this issue [20] and is expected to be completed later this year.

Overall, the spurious emission limits for E-UTRA should be very similar to the ones for UTRA since they come from international recommendations. One difference may be the necessary bandwidth and how that defines the border between Out-of-band and spurious emissions. Here implementation considerations must be made, but considerations should also be made of the co-existence and sharing studies performed in international and regional bodies using limits set by 3GPP.

4 Requirements for co-existence with other bands
The RAN4 specifications define both specific UE and BS spurious emission limits for co-existence with a number of systems, including UTRA and GSM in the same and different bands, PHS, TDD and other services in adjacent bands. Co-existence requirements for operation in the same area are regional, but usually mandatory. There are also co-location requirements for BS defined that are optional.

Some of the co-existence requirements are referenced or included by external bodies such as ITU-R [5] [6] [14] and ETSI [17] [18] as shown in Table 1 and Table 2.
4.1 Need for co-existence requirements in E-UTRA
The requirements for co-existence with other systems will remain with E-UTRA. It is also very likely that the limits will stay the same as for UTRA.

5 Conclusion
Great care should be taken when defining the spurious emissions limits for E-UTRA. Spurious emission limits are mainly driven by international recommendations, but as is the case for application of Category B limits, implementation considerations are also important. It is important for 3GPP to respect regional requirements and take into account how the limits are applied and referenced in international and regional bodies.
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