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Introduction

The following Satellite 5G NR (Non-Terrestrial Networks) technical documents have been approved at the 3GPP RAN-Plenary #96 (Budapest, 6th-9th of June 2022) for the Release-17 NTN satellite connectivity using FR1 S-band (n256) and FR1 L-band (n255):
· Technical Specification TS 38.108 (NR; Satellite Node radio transmission and reception);
· Technical Specification TS 38.101-5 (NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements);
· Technical Report TR 38.863 (Non-terrestrial networks (NTN) related RF and co-existence aspects);
Moreover, please find the agreed Way Forward on NTN Solutions SAN RF Maintenance (R4-2214370)
	· Sub-topic #1-2-5: ΔfOBUE for SAN
· Option 1: Keep the current definition with ΔfOBUE for SAN in TS 38.108. Specify ΔfOBUE for SAN. 
Note 1: This option would not require changes to the current specification.
· Option 2: Do not keep the current definition with ΔfOBUE for SAN in TS 38.108. Do not specify ΔfOBUE for SAN. 
Note 1: This option would require changes to the current specification.
Note 2: Based on ITU-R SM.329, unwanted emissions consist of out-of-band emissions and spurious emissions. It’s recommended to replace operating band unwanted emission by spectrum emission mask in SAN specification.
Note 3: This change will impact at least the following clauses: 6.6.1 (Unwanted emissions - general), 6.6.4 (conducted OBUE), 6.6.5 (conducted Tx spurious emissions), 9.7.1 (OTA unwanted emissions - general), 9.7.4 (OTA OBUE), 9.7.5 (OTA Tx spurious emissions), but also interdependencies with other specifications and other clauses.
· Option 3: Keep ΔfOBUE for SAN and correct it with the following values:
Table 6.6.1-1: Maximum offset of OBUE outside the downlink operating band
	SAN type
	Operating band characteristics
	ΔfOBUE (MHz)

	SAN type 1-H
	FDL,high – FDL,low < 100 MHz  
	2*BWChannel
2.5×BWChannel



Table 9.7.1-1: Maximum offset ΔfOBUE outside the downlink operating band
	SAN type
	Operating band characteristics
	ΔfOBUE (MHz)

	SAN type 1-O
	FDL,high – FDL,low  < 100 MHz
	10 2.5×BWChannel



Note 1: It is proposed to keep ΔfOBUE (and the corresponding tables) with ΔfOBUE =2.5 x BW value. This change will be minimal in TS 38.108.
Note 2: ITU-R SM.1541-6 specifies that OoB domain emissions are “Any emission outside the necessary bandwidth which occurs in the frequency range separated from the assigned frequency of the emission by less than 250% of the necessary bandwidth of the emission will generally be considered an emission in the OoB domain.”
Note 3: ΔfOBUE definition shall be updated if required.
· Option 4 (combination of Option 3 with the values from Option 2): Keep ΔfOBUE for SAN and correct it with the following values:
Table 6.6.1-1: Maximum offset of OBUE outside the downlink operating band
	SAN type
	Operating band characteristics
	ΔfOBUE (MHz)

	SAN type 1-H
	FDL,high – FDL,low < 100 MHz  
	2*BWChannel
2×BWChannel



Table 9.7.1-1: Maximum offset ΔfOBUE outside the downlink operating band
	SAN type
	Operating band characteristics
	ΔfOBUE (MHz)

	SAN type 1-O
	FDL,high – FDL,low  < 100 MHz
	10 2×BWChannel



Note 1: It is proposed to keep ΔfOBUE (and the corresponding tables) with ΔfOBUE =2 x BW value. This change will be minimal in TS 38.108.
Note 2: ΔfOBUE definition shall be updated if required.



And the following agreed proposal from the same WF:
	· Sub-topic #1-2-6 (New): Follow ITU-R definition of OoB (Out-of-Band) domain emissions
· Proposal: Any emission outside the necessary bandwidth which occurs in the frequency range separated from the assigned frequency of the emission by less than 250% of the necessary bandwidth of the emission will generally be considered an emission in the OoB domain.
Note 1: In RAN4#103-e it has been already agreed to follow ITU recommendation SM.1541-6 (Unwanted emissions in the out-of-band domain) to define SAN OBUE requirements (please see R4-2210633), but it seems that the interpretations are different.



This contribution proposes to discuss Out-of-Band (OoB) Mask for SAN TS 38.108 and related OBUE requirements resulted from ITU-R SM.1541-6.
[bookmark: _Toc493127338]Discussion
2.1 Definitions
Recommendation ITU-R SM.1541-6 provides the following definition:
	Generic OoB mask
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.



With the following example from the same recommendation ITU-R SM.1541-6:
[image: ]
2.2 Out-of-band spectrum mask

From above definition, the out of band spectrum mask is defined by:
		(1)
Where  is the output power density expressed in dBm/4kHz.
Equation (1) can be also expressed in the following form:
		     (2)
2.3 RF Parameters
We take the example of a NGSO satellite at 600 km altitude in S-band.
· Output power = 47dBm
· Necessary bandwidth = 30 MHz
· Spectral density = 47-10 log (30000/4) = 8,25 dBm/4kHz
· =3 dB for LEO class.

According to ITU-R SM.1541-6 recommendation, the out-of-band emissions are defined over an offset of 200% of the necessary bandwidth, that means, e.g. over 60 MHz in S-band from the edge of the assigned band. 
Of course, the reasoning does not change for S-band, L-band or different type of satellite.
NOTE1: the ITU-R SM.1541-6 recommendation does not preclude the use of other band (S-band, L-band) or different type of satellite (LEO, GEO).
NOTE2: the mask is defined at the input of the transmit antenna (antenna gain is not included).

According to ITU-R SM.1541-6 recommendation, another possible definition is to use an offset of 250% of the necessary bandwidth from the centre of the frequency band, that means, e.g. over 75 MHz in S-band from the centre of the assigned band.
NOTE1: the ITU-R SM.1541-6 recommendation does not preclude the use of other band (S-band, L-band) or different type of satellite (LEO, GEO).
NOTE2: the mask is defined at the input of the transmit antenna (antenna gain is not included).

In addition of out-of-band emissions, unwanted emissions in the spurious domain are specified at -13dBm/4kHz.
Figures below show the out-of-band mask and the spurious requirement: Figure 1 is following relation (1), and Figure 2 is following relation (2).
To recall, the definition of SAN OBUE (see TS 38.108) is 
[image: ](3)
and therefore SAN OBUE is defined as the maximum between spurious limit and PSD attenuation (with PSDchannel [dBm/4kHz]= Prated,c,sys – 10log10(BWChannel) – 24). For the example considered above (with a LEO satellite in S-band), the intersection between the two arguments occurs at approximatively 27 MHz offset from the edge (at 90%). Beyond 27 MHz offset (beyond 90%), the value for spurious emissions (-13dBm/4kHz) applies in the Out-of-band domain as it is less stringent than the out-of-band emission value (see blue curve). After the ΔfOBUE limit (the spurious boundary), the OBUE limitation continue with spurious limitations, but for the reasons explained above (and as seen in the figures below), the value is the same.
[image: ]
Figure 1. Out of Band mask vs. percentage of bandwidth
[image: ]
Figure 2. Out of Band mask vs. frequency offset
Conclusions
Proposal 1: (New Option 5 derived from Option 4) Keep ΔfOBUE for SAN and correct it with the following values:
Table 6.6.1-1: Maximum offset of OBUE outside the downlink operating band
	SAN type
	Operating band characteristics
	ΔfOBUE (MHz)

	SAN type 1-H
	FDL,high – FDL,low < 100 MHz  
	2*BWChannel
2×BWAssignedBand



Table 9.7.1-1: Maximum offset ΔfOBUE outside the downlink operating band
	SAN type
	Operating band characteristics
	ΔfOBUE (MHz)

	SAN type 1-O
	FDL,high – FDL,low  < 100 MHz
	10 
2×BWAssignedBand



Proposal 2: Don’t change the ΔfOBUE current definition from TS 38.108, simply add an explanation.
ΔfOBUE	Maximum offset of the operating band unwanted emissions mask from the downlink operating band edge (i.e. below the lowest frequency of each supported downlink operating band; above the highest frequency of each supported downlink operating band).

Proposal 3: Add BWChannel definition, remove SANChannel abbreviation (since not used), add new definition for BWAssignedBand, and remove definition of BWContiguous (since not used).
SANChannel	SAN channel bandwidth.
BWChannel	SAN channel bandwidth.
BWAssignedBand	SAN total RF bandwidth for a given operating band.
BWContiguous	Contiguous transmission bandwidth, i.e. SAN channel bandwidth for single carrier.


Proposal 4: Correct the following definitions from Clause 6.6.4.1 (General aspects OBUE):
PSDchannelBand represents the Power Spectral Density of the channel for a given channel bandwidth assigned band
BWChannel [MHz] is the considered NR channel bandwidth or SAN total RF bandwidth for a given operating band.
BWAssignedBand [MHz] is the considered SAN total RF bandwidth for a given operating band.

Proposal 5: Correct the following table from Clause 6.6.4.2 (OBUE - Minimum requirements for SAN type 1-H):
Table 6.6.4.2-1: SAN LEO and GEO Classes OBUE basic limits
	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 BWAssignedBand
	0.002 MHz  f_offset < 2× BWChannel BWAssignedBand + 0.002 MHz
	
	4 kHz

	NOTE 1: PSDchannelBand = Prated,c,sys – 10log10(BWChannelBWAssignedBand) – 24, unit dBm/4kHz.
NOTE 2: SE limit is spurious emission limit specified in spurious emission clause 6.6.5.
NOTE 3: PSD attenuation as in ITU-R SM.1541-6 [9], Annex 5 OoB domain emission limits for space services.
NOTE 4: =0 dB for GEO class and =3 dB for LEO class.
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