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Introduction
Based on the approved WF [1] in last meeting, all the issues related to OBUE and spurious emission requirements are open, even if companies proposed some options. 
In this paper, we’d like to clarify the terms about “OBUE”, “Out-of-band domain” and “spurious domain”.
Based on the WF [1], we have the following agreements.
Agreement GTW discussion [102-e][310]:
Measurement bandwidth: 4kHz
General principle: Follow ITU recommendation 1541 (SM.1541) at least for the frequency offset range within first two break points 
Define two set requirements: one for LEO SAN class and one for GEO SAN class
We’d like to further discuss the NTN SAN OoB domain mask and spurious emission requirements.
Clarification on the terms about “OBUE”, “Out-of-band domain” and “spurious domain”
Base on the ITU‑R SM.329 [2], the terms about the “OBUE”, “Out-of-band domain” and “spurious domain” are defined as below.
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In current BS spec TS 38.104, OBUE (operating band unwanted emission) consist of “out-of-band emission” and “spurious emission” within operating band referring to R4-164260. Outside of that range, spurious emissions are defined. Since the spurious emission requirements within and out of the operating band are different for BS, the operating band filter is assumed for the actual BS implementation.
However, based on the current ITU regulation, it’s observed that the spurious emission should be same (-13dBm/4kHz or (10log(P) – 30) dBm/4kHz), no matter the frequency range is located in or out of operating band. That means there is no clear boundary between the spurious emission within the operating band and out of operating band for SAN. Thus, from spurious emission regulation perspective, there is no need to assume the operation band filter for SAN. That means we can consider the spectrum emission mask + spurious emission framework for SAN.
Observation 1: For SAN, the spurious emission should be same, no matter the frequency range is located in or out of operating band. Thus, from spurious emission regulation perspective, there is no need to assume the operation band filter for SAN.
Since OBUE lost its original meaning for SAN, that means we can consider the Out-of-band mask + spurious emission framework for SAN.
Proposal 1: It is proposed to use for SAN requirements the ITU-R recommendations with the Out-of-band mask & spurious emission framework from ITU-R SM.1541-6 and ITU-R SM.329.
Discussion on boundary between spurious and OOB domain
The boundary between the out-of-band and spurious domain is based on the “250% rule” in ITU‑R SM.329 [2]. 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.” For a normal necessary bandwidth, the boundary between the out-of-band and spurious domains can be found in recommends 2.3 of Recommendation ITU R SM.1541 [3]. The start and end of OoB domain are shown below.
Table 1 Start and end of OoB domain
	Type of emission
	Offset () from the centre of the necessary bandwidth for the start of the
OoB domain
	Frequency separation between the centre frequency and the spurious boundary 

	Normal
	0.5 BN
	2.5 BN



Observation 2: Based on the ITU regulation, the boundary between the out-of-band and spurious domain is the frequency point at 250% of the necessary bandwidth from the carrier centre (2*CBW from the channel edge)
The boundary between the out-of-band and spurious domain is for FR1 NR 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 RF bandwidth larger than 5MHz, e.g. 10, 15 or 20 MHz RF bandwidth. Since the linearity performance for SAN Tx chain is not as good as FR1 NR base station (24dB ACLR for SAN is less than FR1 BS), a stricter requirement for RF bandwidth larger than 5MHz may lead to fail the test.
Observation 3: If the boundary between the out-of-band and spurious domain for SAN follow NR FR1 base station rule based on a 5 MHz channel bandwidth, placing it at 12.5 MHz from the carrier centre (10 MHz from the channel edge), a stricter requirement can be observed for SAN RF bandwidth larger than 5MHz, e.g. 10, 15 or 20 MHz RF bandwidth.
Referring to OoB masks for FSS and MSS in Annex 5 of Recommendation ITU R SM.1541 [3], the boundary (2*CBW from the channel edge) between the out-of-band and spurious domain is shown below.
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Besides, we had an agreement as below in last meeting. Thus, the original boundary at 10MHz from channel edge in TS 38.104 is not applicable to SAN.
Agreement GTW discussion [102-e][310]:
Measurement bandwidth: 4kHz
General principle: Follow ITU recommendation 1541 (SM.1541) at least for the frequency offset range within first two break points
Proposal 2: The boundary between the out-of-band mask and spurious domain for SAN should be specified as 2*BWChannel from the channel edge based on ITU regulation.
Discussion on spurious emission requirements
In recommends 4.2 of Recommendation ITU R SM.329 [2], the category A spurious domain emissions for space service are specified as below.
Table 2 Spurious domain emission limits – Category A
	Service category in accordance
with RR Article 1,
or equipment type(1), (2)
	Attenuation (dB) below the power (W) supplied
to the antenna transmission line

	All services except those services quoted below
	43 + 10 log P, or 70 dBc, whichever is less stringent

	Space services (mobile earth stations)(3), (4)
	43 + 10 log P, or 60 dBc, whichever is less stringent

	Space services (fixed earth stations)(3), (4)
	43 + 10 log P, or 60 dBc, whichever is less stringent

	Space services (space stations)(3), (5), (6)
	43 + 10 log P, or 60 dBc, whichever is less stringent



How can we understand the spurious domain emission limits (43 + 10 log P, or 60 dBc, whichever is less stringent) for space service? The following transmission can be considered as below.
Spurious domain emission limits (dBm/4kHz) = –13 dBm/4kHz	if P  50 W
Spurious domain emission limits (dBm/4kHz) = 10 log P – 30		if P  50 W
P : mean power (W) at the antenna transmission line
Observation 4: The spurious domain emission limits are different between output power less than 50W (47dBm) and larger than 50W (47dBm) based on the ITU regulation.
Since the mean output power for SAN have a large range for different orbits and different types of satellite, the SAN with larger output power have to stand the stricter spurious requirements if we just specify spurious emission limits based on the worst case -13dBm/4kHz. For example, the SAN with typical output power 200W (53dBm) only need to meet -7dBm/4kHz based on the ITU regulation. If we specify -13dBm/4kHz spurious emission limits, the SAN with typical output power 200W (53dBm) have to meet 6dB stricter spurious requirements comparing to the ITU regulation
When we specify the spurious emission requirements for SAN, there are two important technical characteristics which need to be considered. Firstly, the mean output power for SAN can be 6dB higher than base station. Secondly, the linearity performance for SAN is not as good as base station due to 24dB ACLR which is less stringent than base station. Thus, when we specify the OoB mask and spurious emission requirements for SAN, we can’t simply follow the requirements or principles of the base station.
Observation 5: Due to the difference of mean output power and Tx chain linearity performance between SAN and BS, the implementation are different between SAN and BS. Thus, we can’t simply follow the requirements or principles of base station when we specify the OoB mask and spurious emission requirements for SAN.
Proposal 3: Considering the ITU regulation, the following spurious emissions limits are proposed for SAN.
	Spurious frequency range
	Basic limit GEO/LEO class (dBm)
	Measurement bandwidth

	30 MHz –5th harmonic of the upper frequency edge of the DL operating band (NOTE 3, 4, 5, 6)
	When Prated,c,sys ≤ 47dBm :
-13
When Prated,c,sys > 47dBm :
Prated,c,sys-60 
 (NOTE 1)
	4 kHz
(NOTE 2)

	NOTE 1:	Prated,c,sys (dBm) is declared by the manufacturer.
NOTE 2: Measurement bandwidths as in ITU-R SM.329 [x], s4.1.
NOTE 3: Lower and Upper frequency as in ITU-R SM.329 [x], s2.5, Table 1. Values as in ITU-R SM.329 [x], Table 10.
NOTE 4: Lower frequency limit is replaced by 800 MHz, according to ITU-R SM.329-12, when using waveguide section, spurious domain emission measurements below 0.7 times the waveguide cut-off frequency are not required. 
[NOTE 5: This spurious frequency range applies only to SAN type 1-H.]
[NOTE 6: Applies only for band n255 and n256.]


Discussion on OoB mask requirements
Based on the agreement in last meeting, RAN4 should follow ITU-R SM.1541-6 [3] to specify the OoB mask requirements. The OoB domain emission as attached Annex 5 should be attenuated below the maximum psd by the following and the attenuation can’t be greater than the spurious emission limit.
The OoB domain emissions of a station operating in the bands allocated to the FSS and MSS should be attenuated below the maximum psd, in a reference bandwidth of 4 kHz (for systems operating above 15 GHz a reference bandwidth of 1 MHz may be used in place of 4 kHz) within the necessary bandwidth, by the following:

		

where F is the frequency offset from the edge of the total assigned band, expressed as a percentage of necessary bandwidth. It is noted that the OoB emission domain starts at the edges of the total assigned band.
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We can get the “F” = Frequency offset / channel bandwidth * 100 as above. Thus, we can specify the OoB mask requirements as below based on the ITU regulation when we use f_offset and BWchannel to replace “F”.
Table 3 SAN OoB mask limit
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
dBm

	Measurement bandwidth

	0 MHz  f < 2* BWChannel
	0.002 MHz  f_offset < 2* BWChannel + 0.002 MHz
	
	4kHz

	NOTE 1: PSDchannel = Prated,c – 10log10(BWChannel) – 24, unit dBm/4kHz.
NOTE 2: SE limit is spurious emission limit specified in spurious emission clause.
NOTE 3: PSD attenuation as in ITU-R SM.1541-6, Annex 5 OoB domain emission limits for space services.



Proposal 4: Considering the ITU regulation ITU-R SM.1541-6, the following OoB mask limits are proposed for SAN.
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
dBm

	Measurement bandwidth

	0 MHz  f < 2* BWChannel
	0.002 MHz  f_offset < 2* BWChannel + 0.002 MHz
	
	4kHz

	NOTE 1: PSDchannel = Prated,c – 10log10(BWChannel) – 24, unit dBm/4kHz.
NOTE 2: SE limit is spurious emission limit specified in spurious emission clause.
NOTE 3: PSD attenuation as in ITU-R SM.1541-6 [3], Annex 5 OoB domain emission limits for space services.



3 Summary
Based on the discussion, all the observations and proposals are listed below:
Observation 1: For SAN, the spurious emission should be same, no matter the frequency range is located in or out of operating band. Thus, from spurious emission regulation perspective, there is no need to assume the operation band filter for SAN.
Proposal 1: It is proposed to use for SAN requirements the ITU-R recommendations with the Out-of-band mask & spurious emission framework from ITU-R SM.1541-6 and ITU-R SM.329.
Observation 2: Based on the ITU regulation, the boundary between the out-of-band and spurious domain is the frequency point at 250% of the necessary bandwidth from the carrier centre (2*CBW from the channel edge)
Observation 3: If the boundary between the out-of-band and spurious domain for SAN follow NR FR1 base station rule based on a 5 MHz channel bandwidth, placing it at 12.5 MHz from the carrier centre (10 MHz from the channel edge), a stricter requirement can be observed for SAN RF bandwidth larger than 5MHz, e.g. 10, 15 or 20 MHz RF bandwidth.
Proposal 2: The boundary between the out-of-band mask and spurious domain for SAN should be specified as 2*BWChannel from the channel edge based on ITU regulation.
Observation 4: The spurious domain emission limits are different between output power less than 50W (47dBm) and larger than 50W (47dBm) based on the ITU regulation.
Observation 5: Due to the difference of mean output power and Tx chain linearity performance between SAN and BS, the implementation are different between SAN and BS. Thus, we can’t simply follow the requirements or principles of base station when we specify the OoB mask and spurious emission requirements for SAN.
Proposal 3: Considering the ITU regulation, the following spurious emissions limits are proposed for SAN.
	Spurious frequency range
	Basic limit GEO/LEO class (dBm)
	Measurement bandwidth

	30 MHz –5th harmonic of the upper frequency edge of the DL operating band (NOTE 3, 4, 5, 6)
	When Prated,c,sys ≤ 47dBm :
-13
When Prated,c,sys > 47dBm :
Prated,c,sys-60 
 (NOTE 1)
	4 kHz
(NOTE 2)

	NOTE 1:	Prated,c,sys (dBm) is declared by the manufacturer.
NOTE 2: Measurement bandwidths as in ITU-R SM.329 [x], s4.1.
NOTE 3: Lower and Upper frequency as in ITU-R SM.329 [x], s2.5, Table 1. Values as in ITU-R SM.329 [x], Table 10.
NOTE 4: Lower frequency limit is replaced by 800 MHz, according to ITU-R SM.329-12, when using waveguide section, spurious domain emission measurements below 0.7 times the waveguide cut-off frequency are not required. 
[NOTE 5: This spurious frequency range applies only to SAN type 1-H.]
[NOTE 6: Applies only for band n255 and n256.]




Proposal 4: Considering the ITU regulation ITU-R SM.1541-6, the following OoB mask limits are proposed for SAN.
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
dBm

	Measurement bandwidth

	0 MHz  f < 2* BWChannel
	0.002 MHz  f_offset < 2* BWChannel + 0.002 MHz
	
	4kHz

	NOTE 1: PSDchannel = Prated,c – 10log10(BWChannel) – 24, unit dBm/4kHz.
NOTE 2: SE limit is spurious emission limit specified in spurious emission clause.
NOTE 3: PSD attenuation as in ITU-R SM.1541-6 [3], Annex 5 OoB domain emission limits for space services.
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<< The OoB domain emission in ITU-R SM.1541-6>>
Annex 5

OoB domain emission limits for space services (earth and space stations)
1	Introduction
In certain cases, it has been deemed that the OoB masks (of sections 2 through 4) should not apply.
For the case of a single satellite operating with more than one transponder in the same service area, and when considering the limits for OoB emissions described below, OoB emissions from one transponder may fall on a frequency at which a second companion transponder is transmitting. In these situations, the level of OoB emissions from the first transponder is well exceeded by fundamental emissions of the second transponder. Therefore, the limits below should not be applied to those OoB emissions of a satellite which fall within the necessary bandwidth of another transponder, on the same satellite, into the same service area.
FIGURE 13
Example of applicability of OoB limits to a satellite transponder
(this Figure is not drawn to scale)
[image: ]
Transponders A and B are operating on the same satellite in the same service area. Transponder B is not required to meet OoB domain emission limits in frequency range 2 but is required to meet them in frequency ranges 1, 3 and 4. In frequency range 3, OoB domain emission limits do not apply if it is a guardband.
2	OoB masks for fixed-satellite service (FSS) earth and space stations
The OoB domain emissions of a station operating in the bands allocated to the FSS should be attenuated below the maximum psd, in a reference bandwidth of 4 kHz (for systems operating above 15 GHz a reference bandwidth of 1 MHz may be used in place of 4 kHz) within the necessary bandwidth, by the following:


		

where F is the frequency offset from the edge of the total assigned band, expressed as a percentage of necessary bandwidth. It is noted that the OoB emission domain starts at the edges of the total assigned band.
FIGURE 14
Example 1: OoB mask assuming the spurious limit is equivalent to 25 dBsd
[image: ]

FIGURE 15
Example 2: OoB mask assuming the spurious limit is equivalent to 40 dBsd
[image: ]
Care should be taken in cases where OoB masks have been proposed to apply to both earth stations and space stations. This is because, for multicarrier applications, the necessary bandwidth, upon which the masks are based, is defined to be that of the final amplifier of the transmitter. Earth stations often have amplifiers with much wider bandwidth than those of space stations.
3	OoB masks for mobile-satellite service (MSS) earth and space stations
The masks contained in Recommendation ITU‑R M.1480 can be used for mobile earth stations of geostationary-satellite orbit (GSO) MSS systems implementing the GMPCS memorandum of understanding in parts of the frequency band 1-3 GHz.
The masks contained in Recommendation ITU‑R M.1343, representing non-GSO mobile earth stations in the band 1-3 GHz can form one input for the mobile earth station data.
For earth stations not covered in the above‑mentioned Recommendations and for all space stations, the following generic OoB mask, considered as an upper bound for MSS systems, is to be used:
Attenuation of OoB emissions in the reference bandwidth of 4 kHz for MSS systems below 15 GHz (otherwise in reference bandwidth of 1 MHz for MSS systems above 15 GHz) is:

		
where F is the frequency offset from the edge of the total assigned band, expressed as a percentage of necessary bandwidth, which will range from 0% to the spurious boundary (which is usually 200%).
The above-proposed mask may not be applicable in detailed examination of adjacent band compatibility.
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1.2 Out-of-band emission (RR Article 1, No. 1.144).

Emission on a frequency or frequencies immediately outside the necessary bandwidth which results
from the modulation process, but excluding spurious emissions..

13 Unwanted emissions (RR Article 1, No. 1.146)

Consist of spurious emissions and out-of-band emissions.«

"13bis Out-of band domain?.

(of an emission): The frequency range, immediately outside the necessary bandwidth but excluding
the spurious domain, in which out-of-band emissions generally predominate..

NOTE 1 - Out-of-band emissions, defined based on their source, occur in the out-of-band domain and, to a
lesser extent, in the spurious domain. Spurious emissions likewise may occur in the out-of-band domain as
well as in the spurious domain.

1.3ter Spurious domain2.

(of an emission): The frequency range beyond the out-of-band domain in which spurious emissions
generally predominate..
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