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1 Background 
The boundary between out-of-band and spurious domain has been discussed in several RAN4 meetings [4-7]. Much of the discussion has concerned mmWave bands, but a Text Proposal [5] is now included to describe the legacy situation for UMTS and LTE BS in TR 38.803 [1], subclauses 8.2.1 and 8.2.3. A discussion regarding the how to apply the boundary for below 6 GHz was made in [8] at RAN4#82 in Athens.
The present is a revision of the discussion in [8], which clarifies the arguments for extending the frequency range over which unwanted emissions can be defined.
2 Discussion
2.1 Legacy spurious emissions limits
The background of the legacy spurious emission limits for LTE and UMTS are discussed in subclause 8.2.1 of TR 38.803 [1] and further in of TR 25.942 [2], subclause 14.2.1. The principle for defining the boundary was developed together with ETSI and CEPT, since the CEPT Category B limits for spurious emissions are stricter than the general Category A limits:

· The boundary between the out-of-band and spurious domain is for UMTS and LTE base stations fundamentally based on a 5 MHz channel bandwidth, placing it at 12.5 MHz from the carrier center (10 MHz from the channel edge).

· 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 Recommendation ERC 74-01 [3]). This reduction is in the 3GPP specifications interpreted as a relaxed limit of -15 dBm/MHz, which applies in the complete transmitter operating band, plus in 10 MHz on each side of the operating band. For LTE, this forms part of the Unwanted Emissions mask (UEM).
The spurious domain is in [3] specified from 2.5 times the Necessary bandwidth (BN). For land mobile services above 1 GHz, Annex 2 of [3] specifies a relaxed measurement bandwidth of 30 kHz from 2.5BN  to 10BN and a relaxed measurement bandwidth of 300 kHz from 10BN to 12BN. This translates into relaxed spurious emission levels of ‑15dBm/MHz and ‑25 dBm/MHz respectively, assuming wideband emissions. It is the -15 dBm/MHz level that has been used consistently in UMTS and LTE BS specifications.
This is illustrated in Figure 1, where a transmission with bandwidth BWTx inside an operating band that is WBand wide is shown. For LTE (and conceptually also for UMTS), an Unwanted Emission mask (UEM) that extends out to an offset ΔfUEM = 10 MHz outside the operating band, using the -15 dBm/MHz level as baseline.
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Figure 1: Spurious emission levels (orange) from Recommendation ERC 74-01, in relation to a transmission with bandwidth BWTx = BN, and an operating band that is WBand wide.
2.2 Defining unwanted emissions for NR
For operation of NR in some of the new bands considered, there are new aspects to consider:

1. The new operating bands may have larger total bandwidth WBand than in many existing bands. It is possible that bands will be up to 400 MHz wide or more.

2. The larger bands will enable larger frequency blocks for each operator and consequently larger transmission bandwidth BWTx.

3. NR will also have the capability to operate with wider carriers. Note that from the definitions in the regulation [3], it is the total transmission bandwidth BWTx that is considered as necessary bandwidth BN both when a single wideband carrier or multiple (aggregated) carriers are considered. 

Both the wider operating bands and the wider transmission bandwidth used for NR will make it difficult to reach the spurious domain limit of -30 dBm/MHz at 10 MHz outside the edge of the operating band. This is even more the case for an AAS type BS with many transceivers, each having individual filters, where the wider bandwidths will further complicate implementation of strict emission requirements at the band edges. 
A similar concept to set an Unwanted Emissions Mask (UEM) as the one shown in Figure 1 above could be used also for NR in bands below 6 GHz. In many bands where LTE and UMTS are deployed today with existing regulation, it is expected that a UEM for NR will also be defined with ΔfUEM = 10 MHz. For wider bands (larger than 100 MHz) where we will have much wider transmission bandwidth and possibly new regulation, a larger ΔfUEM would be desirable.
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Figure 2: Applicability of the -15 dBm/Mhz limit for the dimensioning case when the transmission is 
at one edge of the operating band.
The dimensioning case for how far from the operating band edge that the -15 dBm/MHz mask level can apply, is when the transmission is placed at one band edge, as shown in Figure 2. In the example shown, the -15 dBm/MHz limit still extends beyond the point offset ΔfUEM from the right band edge, implying that a minimum UEM limit of -15 dBm/MHz applied up to an offset of ΔfUEM is consistent with Recommendation ERC Rec 74-01.

It can be seen from the figure that the -15 dBm/MHz limit extends beyond the UEM endpoint in cases when
0.5BN + 10BN  ≥ WBand + ΔfUEM
This implies that a condition for the UEM arrangement in Figure 2 is that BWTx = BN  ≥ (WBand + ΔfUEM)/10.5. We would like to select a ΔfUEM larger than 10 MHz, and note that the equation shows that the restriction on BWTx is dominated by the size of the band WBand and not by ΔfUEM. If operating bands are wider than 100 MHz, we can “afford” a larger ΔfUEM, and we will also need it for implementation reasons (reasonable band filter). Assuming that bands are up to 4 times wider than in LTE
, we could set ΔfUEM = 40 MHz. The minimum transmission bandwidth needed for the UEM arrangement above is shown in Table 1 for 100 to 600 MHz width of the operating band, with the 40 MHz assumption. 

PROPOSAL: NR should be specified with an UEM defined with ΔfUEM = 40 MHz for bands wider than 100 MHz.

Note that for legacy UMTS and LTE, the equation above is not met even with ΔfUEM = 10 MHz for some wider operating bands using narrower transmission bandwidths such as 5 MHz or below. It is however agreed between 3GPP, ETSI and CEPT, as documented in TR 25.942 [2], subclause 14.2.1, that the -15 dBm/MHz limit can anyway be used also out to 10MHz outside the operating band. Such an agreement does not exist for the new wider bands.
Table 1: Minimum channel bandwidth where the full UEM 
could be based on the -15 dBm/MHz limit, assuming ΔfUEM = 40 MHz.
	Width of Operating band WBand
	Minimum Transmission bandwidth BWTx =
Necessary bandwidth BN

	100 MHz
	13 MHz

	200 MHz
	23 MHz

	300 MHz
	32 MHz

	400 MHz
	42 MHz


What the numbers in Table 1 show is that it is possible to assume a higher ΔfUEM of 40Mhz within existing regulation also for wider operating bands of up to 400 MHz, if the transmission bandwidth used in the BS is sufficiently large (above 42 MHz). It is reasonable to assume larger transmission bandwidths in this case, since larger bands means larger license blocks and thus possibilities for wider transmissions.

In relation to the proposal above to increase ΔfUEM to 40 MHz, there are several aspects that should be noted.

· The need for increased ΔfUEM is related to the transmission bandwidth, not the RF carrier bandwidth. It therefore applies both for wide carriers and for wide bandwidth trough aggregations of multiple narrower carriers.

· The increase to ΔfUEM = 40MHz is relevant for bands where wide transmission bandwidths are possible, in particular when combined with AAS. It would not be necessary to apply it to all bands and not for smaller bands.

· Specifying an unwanted emissions mask, whether with ΔfUEM = 10 MHz or 40 MHz is never sufficient, consideration must always be taken of requirements from adjacent bands. This is done through regulation and in some cases through additional emission limits in 3GPP. Increasing ΔfUEM to 40 MHz will therefore not have impact on adjacent bands, since other regulation (and 3GPP co-existence requirements) takes precedence.
· It should be noted that the reasoning above is relevant for Category B emission limits and in cases where such limits apply. For Category A emission limits, a change in ΔfUEM does not have any impact. The reason is that the unwanted emission limit inside the boundary and the spurious emission limit is the same (-13 dBm/Mhz), so there would be no change to the actual limits.

3 Proposal
Based on the discussion in this paper of international regulation and considering the wider operating bands and larger channel bandwidths possible for NR, the following is proposed:
PROPOSAL: NR should be specified with an UEM defined with ΔfUEM = 40 MHz for bands wider than 100 MHz.
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� LTE bands are up to 100 MHz wide, except for bands 41, 42 and 43 that are ~200 Mhz. Of those, Band 41 is specified with Category A limits and Bands 42 and 43 are not widely deployed. It is assumed that a band of ~400 MHz bandwidth can be formed in the 3.5 GHz frequency range, being 4 times larger than present LTE bands.
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