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1 Background 
The unwanted emissions are for NR BS in FR2 defined as spurious emissions and a carrier-centric spectrum emissions mask, fundamentally based on the ITU-R IMT-2020 parameters and related to the PTx level of the BS. The requirements are however not fully completed and several proposals to update the emission masks were made at RAN4 AH-1801 [1-5], resulting in a Way Forward agreement [6]. The agreement states that the requirement needs to be concluded in February.
This document makes further proposals to close the remaining open issues.

2 Discussion 

The WF from RAN4 AH-1801 [6] identifies a number of open issues concerning the emissions mask:
· How to account for the “OOB boundary” (“250% rule”)

· Definition and implication of “total transmission boundary”

· Type of emission mask and frequency range (carrier centric or band centric)

· Emission limits and corresponding power levels

· Relation to spurious emission limits, where presently only a general level of -13 dBm is accounted for

· Criteria to classify the requirement
Agreements were made in two technical areas [6]:

· Based on present spectrum situation in FR2, requirements in FR2 should cover non-contiguous operation, while multiband is for further study.
· Total transmission BW is defined to covers contiguous multicarrier transmissions
NOTE: There may be variations in regional applicability.

In order to complete the requirement, the following four study points were agreed [6] and are further deliberated below:
· Type of emission mask and frequency range (Carrier centric (SEM) vs. band centric (UEM))

· Classification of masks and relation to PTx

· Mask levels

· Definition of Total transmission BW for non-contiguous multicarrier
2.1 Type of emission mask and frequency range
While the emission mask is band-centric for FR1, the present emission mask for FR2 is carrier-centric (SEM). This decision was made based on the information available at an early stage when the feedback to ITU-R was produced. It is still a workable assumption with the present spurious emissions levels, since the emission levels are very similar between the spurious domain and the OOB domain. For this reason, it does not matter very much where the boundary between those limits is placed.

There is however an ongoing discussion in the regulatory community around what mmWave emission limits that apply for Category B spurious emissions, i.e. the limits applied in Europe and many other countries. Presently, there is an indication that the limits in the spurious domain may become stricter than the -13 dBm/MHz we presently have in TS 38.104. If such stricter limits are implemented, they may become stricter than what is defined by the emissions mask, implying that the boundary to the spurious domain will have higher importance. If there is a significant drop in the limit, such a stricter limit would then apply also inside the operating band, making it extremely difficult to use filter techniques to reach the limit.
For this reason, the best way forward would be to change the emissions mask to a band-centric Operating Band Unwanted Emissions (OBUE) mask. The change is necessary for Category B but is best done in a generic way as a unified limit. As long as limits remain on Category A level (-13 dBm/MHz), it will not have any practical impact. If there would be a need for stricter Category B limits, the requirement can be split into Category A/B at a later stage.

PROPOSAL 1: Change the present carrier-centric SEM in FR2 to a band-centric OBUE mask.
For FR1 bands, the OBUE mask extends out to an offset ΔfOBUE of 10 and 40 MHz outside the operating band. This depends on the possibility to implement a band filter and the same principle needs to be applied in FR2. It is shown in [7] that a typical front-end filter needs a 1.5 GHz transition region, including margins for manufacturing. This is proposed as the ΔfOBUE for the present FR2 bands.
PROPOSAL 2: The OBUE mask for FR2 is defined with ΔfOBUE = 1.5 GHz.

NOTE: While 1.5 GHz may sound like a large number, it should be noted that emission both outside and inside the boundary will be in line with spurious emission regulation (ITU-R SM.329) and presently the limits will even be identical.

2.2 Classification of masks

There were two options defined in the way-forward for how to classify the masks:
· Option 1: Consider to use BS classification instead of PTx for classification, while further considering relationship between mask and PTx

· Option 2: Classify based on PTx (as now), while considering realistic PTx levels and a definition of PTx, based on declaration or measurements

As argued before, the fundamental parameter defining emission levels is the transmitted power (PTx) and the implementation and the related levels scale with power and array size. There is no fundamental difference in implementation of antenna elements between different array sizes. BS classification however depends on the deployment scenario (minimum BS-UE distance) and may only have a secondary relation to BS power, which is even not yet agreed. It is therefore proposed to keep the emission masks classified by power level.

In order to have a non-ambiguous mask that can be tested independently of output power, the value of PTx should be based on declaration.
PROPOSAL 3: The OBUE mask for FR2 should be classified by power level (PTx), where PTx is defined based on declaration (as Prated,t,TRP).
2.3 OBUE mask levels
In the WF [6], it was agreed that emission mask levels should be based on
· Impact from choice of mask and classification (as outlined above)

· Consider levels used by ITU-R in compatibility studies

· Consider other channel BW than 200 MHz

The change of levels compared to the present SEM-based masks should be as small as possible, in particular since the specification is published. The second bullet is of high importance, since it is an externally communicated level. The level used by ITU-R in compatibility studies can be found in [8] as 
· PTx = 25 dBm for 24.2 - 33.4 GHz
· PTx = 26 dBm for 37 - 52.6 GHz

One point in the WF regarding classification was to pick a realistic maximum PTx as break point for the different masks. The present break point is at PTx = 35 dBm, but it was pointed out in [9] that a more realistic level considering array size would be at PTx = 29 dBm. 
A mask with a break point at 29 dBm instead of 35 dBm would have to have a 6 dB and 4 dB higher level below the breakpoint than presently in TS 38.104 (Tables 9.7.4.3.2-2 and 9.7.4.3.2-3), respectively. The masks below the breaking point would become the as shown in Tables 1 and 2:

	Table 1: SEM applicable for an assumed PTx < 29 dBm in the frequency range 24.24 – 33.4 GHz 

Frequency offset from “edge of transmission” Δf
	Llimit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	[Max(PTx – 34 dB, -12 dBm)]
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	[Max(PTx – 42 dB, -20 dBm)]
	1 MHz


Table 2: SEM applicable for an assumed PTx < 29 dBm in the frequency range 37 – 52.6 GHz

	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	[Max(PTx – 34 dB, -12 dBm)]
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	[Max(PTx – 42 dB, -20 dBm)]
	1 MHz


Let us analyze how such a change in level would work in relation to the level used by the ITU-R [8]:

TABLE 3 in [8] for and PTx < 34.5 dBm in the frequency range 24.25‑33.4 GHz:

For PTx = 25 dBm, the ITU_R mask level in 
20 MHz ( (f < 400 MHz is Max(PTx – 47.5 dB, –20 dBm) = -20 dBm.

From Table 1, we get a new mask level Max(PTx – 42 dB, -20 dBm) = -17 dBm 

TABLE 5 in [8] for and PTx < 32.5 dBm in the frequency range 37‑52.6 GHz:

For PTx = 26 dBm, the ITU_R mask level in 
20 MHz ( (f < 400 MHz is Max(PTx – 45.5 dB, -20 dBm) = -19.5 dBm.

From Table 2, we get a new mask level Max(PTx – 42 dB, -20 dBm) = -16 dBm 

This indicates that the assumed masks in Table 1 and Table 2 are 3 dB and 3.5 dB too relaxed compared to the levels used by the ITU-R. This can be fixed by shifting the PTx breakpoints by 3 and 3.5 dB respectively, resulting in the masks in Table 3 and Table 4, with breakpoints of 32 dBm and 32.5 dBm respectively. For higher PTx, the same mask as before would apply.
Since the new OBUE mask should extend out to ΔfOBUE = 1.5 GHz outside the band, we need to define a limit from the “formal” OOB boundary out to the end of the OBUE mask. With levels presently based on Category A, the obvious choice is to set those limit in line with spurious emission recommendations at -13 dBm/MHz and it can start at 200% of the total transmission BW. The end of the OBUE mask is defined at Δfmax, which is the offset to the frequency ΔfOBUE outside the downlink operating in the same way as for the FR1 mask.
NOTE: 
In case a different Category B limit is implemented in the future, also the limit inside the band may need to be adjusted. The level used in FR1 is -15 dBm/MHz, which is in line with the exceptions allowed for Category B limits.
	Table 3: SEM applicable for an assumed PTx < 32 dBm in the frequency range 24.25 – 33.4 GHz 

Frequency offset from “edge of transmission” Δf
	Llimit
	Measurement bandwidth

	0 ( (f < 0.1 ∙ Total Tx BW
	Max(PTx – 37 dB, -12 dBm)
	1 MHz

	0.1 ∙ Total Tx BW ( (f < 2 ∙ Total Tx BW
	Max(PTx – 45 dB, -20 dBm)
	1 MHz

	2 ∙ Total Tx BW ( (f < Δfmax
	-13 dBm
	1 MHz


Table 4: SEM applicable for an assumed PTx < 32.5 dBm in the frequency range 37 – 52.6 GHz

	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 0.1 ∙ Total Tx BW
	Max(PTx – 37.5 dB, -12 dBm)
	1 MHz

	0.1 ∙ Total Tx BW ( (f < 2 ∙ Total Tx BW
	Max(PTx – 45.5 dB, -20 dBm)
	1 MHz

	2 ∙ Total Tx BW ( (f < Δfmax
	-13 dBm
	1 MHz


PROPOSAL 4: The OBUE mask levels as outlined in Table 3 and 4 are applied for FR2. For higher PTx, the same mask as before would apply.
NOTE that the changed mask levels should also accommodate the concerns raised channel BW lower than 200 MHz.
2.4 Definition of Total transmission BW
The concept of using the “Total transmission BW” as the necessary bandwidth defining the border between spurious and OOB domain already exists in European regulation. The definition used in Recommendation ERC 74-01 [10] is as follows:

“For base and mobile stations in the mobile service with multicarrier transmitters, the transmitter bandwidth is used instead of the necessary bandwidth for determining the boundary between the out-of-band and spurious domains. In the context of multicarrier base and mobile stations in the mobile service, the transmitter bandwidth is defined as the width of the frequency band covering the envelope of the transmitted carriers, which is just sufficient to ensure the transmission of information at the rate and with the quality required under specified conditions for all transmitted carriers.”
A choice of definition that would apply in a band for contiguous as well as non-contiguous multicarrier transmission and also be in line with the definition above is to use Base Station RF Bandwidth, as defined for LTE and MSR BS:
Base Station RF Bandwidth: RF bandwidth in which a base station transmits and/or receives single or multiple carrier(s) within a supported operating band.
PROPOSAL 5: For the OBUE mask levels in Table 3 and 4, the Total Transmission BW is replaced by Base Station RF Bandwidth, using the same definition as for LTE and MSR BS.
3 Proposal
It is proposed that the emission mask for FR2 is changed according to the following proposals:
PROPOSAL 1: Change the present carrier-centric SEM in FR2 to a band-centric OBUE mask.

PROPOSAL 2: The OBUE mask for FR2 is defined with ΔfOBUE = 1.5 GHz.

PROPOSAL 3: The OBUE mask for FR2 should be classified by power level (PTx), where PTx is defined based on declaration (as Prated,t,TRP).
PROPOSAL 4: The OBUE mask levels as outlined in Table 3 and 4 are applied for FR2. For higher PTx, the same mask as before would apply.
PROPOSAL 5: For the OBUE mask levels in Table 3 and 4, the Total Transmission BW is replaced by Base Station RF Bandwidth, using the same definition as for LTE and MSR BS.
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