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Background and discussion
Discussion of regulatory requirements for NR started at the Nanjing RAN4 meeting. 

For this meeting, it is proposed in [2] to include a subcluase 8.2 in study item TR 38.803 [3], specifically covering the Boundary between spurious and OOB domain, which was identified as one important topic in Nanjing. The proposed text is based on the input presented in Nanjing [4], and gives a summary of the situation for LTE and WCDMA, plus a first analysis on the impact of the boundary between OOB and spurious domain.
This paper is a revision of [5] with some updates of subclause 8.2.3.
Proposal

It is proposed that the attached text proposal is included in the study item TR 38.803.
NOTE:
The proposed reference list for clause 2 in the text proposal is identical to the one in [3].
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Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [2].

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [2].

<ACRONYM>
<Explanation>

*********************End of change*****************
*********************Next changed section*****************
8.2
Boundary between spurious and OOB domain
One of the fundamental RF parameters to define for NR is the unwanted emissions. In regulation, unwanted emissions are divided into Spurious emissions and Out-of-band emissions and the boundary between those two domains has a profound impact on the emission limits that can be defined for a radio access technology such as NR. This subclause describes the details of the boundary between the spurious and OOB domain, how it was handled in specifications for WCDMA and LTE and impact for NR.
8.2.1

Application of boundary for UMTS and LTE below 6 GHz

When UMTS (UTRA) was first specified by 3GPP as an IMT-2000 technology in 1998-2000, spurious emission limits and the boundary between spurious and out-of-band (OOB) domain were fundamentally based on the international recommendation ITU-R SM.329 [4]. For requirements applicable in Europe, Category B limits were used, which are also covered in ERC Recommendation 74-01 [14]. Those limits are applicable also in many other countries that use European harmonised standards for product certification.

Later in 2005-2006, when new frequency bands were added to WCDMA and LTE (E-UTRA) was included as a new wideband radio access, there was a need to update the way the limits were applied for base stations in particular. This was all done in close co-operation between 3GPP, ETSI and ECC. How the limits are applied is documented in TR 25.942 [18], subclause 14.2.3.
The boundary between the out-of-band and spurious domain is based on the “250% rule” in ITU‑R SM.329 [4]. The rule states that “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.” The application for WCDMA and LTE is as follows:

-
The boundary between the out-of-band and spurious domain is for base stations fundamentally based on a 5 MHz channel bandwidth, placing it at 12.5 MHz from the carrier centre (10 MHz from the channel edge). This 10 MHz assumption originates from the UMTS 5 MHz carrier and is in 3GPP also applied for LTE BS transmissions, applying as a stricter requirement also to 10, 15 or 20 MHz RF bandwidth. Note that this is not the case for LTE UEs (terminals), where the 250% rule is applied also for larger carrier bandwidths.
-
The limits inside the operating band for a UMTS or LTE BS are based on a reduced measurement bandwidth close to the carrier, as outlined in the recommendations (see Annex 2 of [15]). This reduction is in the 3GPP specifications interpreted as a relaxed limit of -15 dBm/MHz. While the recommendations allow for this reduction in a frequency range up to 10 times the necessary bandwidth, it was agreed that the relaxed limit could be applied in the complete transmitter operating band, plus in 10 MHz on each side of the operating band.
-
The agreement above between 3GPP, ETSI and the ECC on the spurious emission limits is based on the following:
· -
The limits are in line with the limits used in ERC and ECC compatibility studies.

· -
There is no impact on in-band sharing between different IMT technologies.

· -
The limits are fair between operators and give mutual advantages, regardless of the technology deployed, the carrier bandwidth, the number of carriers or the position of the operator’s license block.

The agreed limits were implemented for both UMTS and LTE at that time. For LTE, the limits are interpreted as Operating band unwanted emission limits, which is a unified definition of all unwanted emission within the operating band, plus in 10 MHz on each side, as shown in Figure 8.2.1-1. Outside of that range, spurious emissions are defined, as shown in Figure 8.2.1-2.
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Figure 8.2.1-1: Defined frequency range for LTE Operating band unwanted emissions with an example RF carrier and related mask shape (from TR 36.942).
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Figure 8.2.1-2: Defined frequency ranges for LTE spurious emissions and operating band unwanted emissions (from TR 36.942).
8.2.2
Wideband, multicarrier and Multi-RAT transmissions
When LTE (E-UTRA) was developed, the focus was first on single-carrier transmission with flexible channel bandwidth (1.4 to 20 MHz). It was however quite early made clear that BS transmitters with multiple carriers would be deployed, in particular when the MSR standard was developed and later on when intra-band Carrier Aggregation was defined. It was then noted that the existing recommendations for spurious emissions did not give a proper guidance for such multicarrier transmissions and that for the text provided, mobile services were excluded. This is of particular concern for Category B spurious emission limits, since they are stricter.

This resulted in an update of ERC Rec 74-01 [15]. The update was mainly concerned with how the necessary bandwidth is calculated for such a multicarrier/multi-RAT transmitter and how the boundary between out-of-band and spurious domain is determined, with the following elements:
-
The transmitter bandwidth is used as the necessary bandwidth for determining the limit between the out-of-band and spurious domain, and it is defined as the width of the frequency band covering the envelope of the transmitted carriers.

-
Particular guidance is given in for wideband transmitters, with reference to ITU-R Rec SM.1539-1 [7].

-
Rules are made applicable for both contiguous and non-contiguous transmissions within a frequency block.

Present UMTS, LTE and MSR specifications for base stations (and UEs) are fully in line with the updated version of ERC Rec 74-01. A more detailed description of the background and development of the spurious emission limits for multicarrier and multi-RAT transmissions can be found in TR 37.900 [20], subclause 6.6.1.2.

8.2.3
Regulation above 6 GHz and for large carrier bandwidths
With the work on a New Radio access (NR) targeting IMT-2020 as defined by ITU-R, there are a number of regulatory aspects to take into account. For the unwanted emission limits and the boundary between OOB and spurious domain, the following properties of NR must be considered:
-
Large BS RF bandwidths covering the full band, which is the norm already today. 
-
Larger carrier bandwidths with numerology that may give higher out-of-band emission levels. This has a direct impact on the assumed boundary to the spurious domain defined for a transmitted carrier, which is relevant for the Operating band unwanted emission mask (UEM) levels inside the band, assuming that these can be defined in a way similar to what was done for LTE. Such a mask cannot anymore use a 5 MHz carrier as a baseline for setting the limits, due to the wider carriers and the new numerologies.
-
For a carrier placed at the edge of a band, the unwanted emission levels outside the band will depend on the carrier bandwidth and numerology, but also on any passband filtering applied for the band. Such a filter will most likely still be employed at lower bands, but is more challenging for higher bands for AAS-type systems, in terms of achieving high attenuation close to the band. This has to do both with the width of the band and the high absolute frequency, as well as the RF properties of mm-wave technologies.
The present WCDMA and LTE unwanted emission limits are defined with a spurious emission level starting 10 MHz outside the operating band. The large carrier bandwidths and new numerologies will make such an assumption challenging already for lower bands and a higher number should be considered. The even larger carrier bandwidths and reduced possibilities for band filtering in higher bands (mm-wave) will in combination with new numerologies imply that the OOB domain will have to stretch further than 10 MHz from the band edge.

It should be noted that the regulation does not in any way stipulate a “10 MHz rule”, this is a voluntary constraint put by 3GPP on the emission limits for LTE and WCDMA. In particular for the new bands, we have to go back to what the regulation recommends, which is the “250% rule” as defined above. The rule for wider carriers and higher bands is defined in ITU-R Recommendation SM.1539-1 [7], as shown in Table 8.2.3-1. The recommendation defines a threshold value BU for the necessary bandwidth BN of the transmission. When the bandwidth of the transmission is higher than the threshold BU, the 250% rule (2.5 BN) is replaced by the rule listed in the “Separation” column, resulting in a separation somewhere between 150% and 250% of the necessary bandwidth.

Table 8.2.3-1: Guideline values for the boundary of the spurious domain 
(Extracted from ITU-R SM.1539 [6])

	Frequency
range
	Normal
separation
	Wideband case
(BN  BU)

	
	
	BU
	Separation

	30 MHz  fc  1 GHz
	2.5 BN
	10 MHz
	1.5 BN + 10 MHz

	1 GHz  fc  3 GHz
	2.5 BN
	50 MHz
	1.5 BN + 50 MHz

	3 GHz  fc  10 GHz
	2.5 BN
	100 MHz
	1.5 BN + 100 MHz

	10 GHz  fc  15 GHz
	2.5 BN
	250 MHz
	1.5 BN + 250 MHz

	15 GHz  fc  26 GHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz

	fc  26 GHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz


Note that the recommended separation to the boundary of the spurious domain stipulated by the rule in [7] gives a considerably larger offset from the carrier edge or band edge than the 10 MHz used today for LTE and WCDMA. Two examples:

-
A 100 MHz carrier at any frequency >3 GHz would give a recommended 200 MHz offset from the edge to the start of the spurious domain.
-
A 1 GHz carrier at any frequency >15 GHz would give a recommended 1.5 GHz offset from the edge to the start of the spurious domain.
While such large offsets to the boundary between the OOB and spurious domain may not be necessary for an NR specification, it is quite clear that the present way of specifying unwanted emissions cannot remain intact.
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