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Introduction
In RAN4#104e meeting, a WF [1] for NTN SAN RF maintenance was approved with the following open issue for further discussion. After the discussion in RAN4#104bis meeting, we still have no conclusion on this issue.
· 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.

It seems that companies may misunderstand the definition of ΔfOBUE. In this paper, we’d like to discuss and clarify this issue. Additionally, we’d like to provide the solution for companies which deploy two 15MHz carriers in band n256.
Clarification on the terms about “Unwanted emission”, “Out-of-band emission” and “spurious emission”
As we discussed in our contribution [2], the terms about the “Unwanted emission”, “Out-of-band emission” and “spurious emission” are defined as below based on the ITU-R SM.329 [3]. Unwanted emission consist of spurious emissions and out-of-band emissions.
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\1723964A-09AF-4197-A01D-21A7486BD656.png]
However, the operating band unwanted emission (OBUE) specified in current BS spec TS 38.104 is different from the definition of out-of-band emissions. 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 [4]. Outside of that range, spurious emissions out of the operating band 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. And ΔfOBUE is assumed as the transitional zone of transmitter filter. The accurate definitions of ΔfOBUE and Operating band unwanted emissions are quoted as below based on TS 38.104.
“The maximum offset of the operating band unwanted emissions mask from the operating band edge is ΔfOBUE. The Operating band unwanted emissions define all unwanted emissions in each supported downlink operating band plus the frequency ranges ΔfOBUE above and ΔfOBUE below each band.”
The following figure depicted the definition of operating band unwanted emission and spurious emission in BS spec TS 38.104 as below.
[image: ]
Figure 1 the illustration of operating band unwanted emission and spurious emission in BS spec TS 38.104
Based on this definition and illustration, the frequency range of ΔfOBUE is very limited, i.e. the maximum offset from the operating band edge (10MHz specified in TS 38.104). It’s noted that operating band edge is different from channel edge. Thus, the following definition (2*BWChannel) in current spec TS 38.108 is incorrect with misunderstanding. 
The values of are defined in table 6.6.1-1 for the SAN operating bands.
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 


Observation 1: the values of ΔfOBUE specified in clause 6.6.1 and 9.7.1 from TS 38.108 are different and incorrect.
In RAN4#103 meeting, we have the following agreement.
[Agreement]:
Issue 1-1: ΔfOBUE
-	Option 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.
-	Option 2 agreed
It’s very clear that the boundary between the out-of-band mask and spurious domain for SAN should be specified as 2*BWChannel from the channel edge. Thus, it is appropriated to use the term “out-of-band emission” for the unwanted emission in out-of-band domain instead of operating band unwanted emission (OBUE), because OBUE (operating band unwanted emission) consist of “out-of-band emission” and “spurious emission” within operating band. It’s better to use a new term to replace “operating band unwanted emission (OBUE)” for SAN, e.g. “out-of-band emission”.
Proposal 1: it’s proposed to use a new term to replace “operating band unwanted emission (OBUE)” for SAN, e.g. “out-of-band emission”.
For example, the following parts can be modified as below.
[bookmark: _Hlk497217795]The out-of-band emissions domain requirement for the SAN transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and operating band unwanted out-of-band emissions (OBUEOOBE).
Discussion on ΔfOBUE
In TS 38.104, ΔfOBUE was defined referring to the following specification.

Clause 6.6.1
The maximum offset of the operating band unwanted emissions mask from the operating band edge is ΔfOBUE. The Operating band unwanted emissions define all unwanted emissions in each supported downlink operating band plus the frequency ranges ΔfOBUE above and ΔfOBUE below each band. Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement.
The values of ΔfOBUE are defined in table 6.6.1-1 for the NR operating bands.
Table 6.6.1-1: Maximum offset of OBUE outside the downlink operating band
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 1-H
	FDL,high – FDL,low < 100 MHz  
	10 

	
	100 MHz  FDL,high – FDL,low  900 MHz
	40 

	
	
	

	BS type 1-C
	FDL,high – FDL,low  200 MHz
	10 

	
	200 MHz < FDL,high – FDL,low  900 MHz
	40 



Clause 6.6.4.1
Basic limits are specified in the tables below, where:
[bookmark: _Hlk497218315][bookmark: _Hlk497218330]-	f is the separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.
[bookmark: _Hlk497218343][bookmark: _Hlk497218356]-	f_offset is the separation between the channel edge frequency and the centre of the measuring filter.
[bookmark: _Hlk497218367][bookmark: _Hlk497218384]-	f_offsetmax is the offset to the frequency ΔfOBUE outside the downlink operating band, where ΔfOBUE is defined in table 6.6.1-1.
[bookmark: _Hlk497218410]-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.

Clause 6.6.4.2
Table 6.6.4.2.2.1-1: Wide Area BS operating band unwanted emission limits 
(NR bands below 1 GHz) for Category B
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.05 MHz  f_offset < 5.05 MHz
	[image: ]
	100 kHz 

	5 MHz  f <
min(10 MHz, fmax)
	5.05 MHz  f_offset <
min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz  f  fmax
	10.05 MHz  f_offset < f_offsetmax 
	-16 dBm (Note 3)
	100 kHz 

	NOTE 1:	For a BS supporting non-contiguous spectrum operation within any operating band, the emission limits within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the sub-block gap, where the emission limits within sub-block gaps shall be ‑16 dBm/100 kHz.
NOTE 2:	For a multi-band connector with Inter RF Bandwidth gap < 2*ΔfOBUE the emission limits within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap, where the contribution from the far-end sub-block or RF Bandwidth shall be scaled according to the measurement bandwidth of the near-end sub-block or RF Bandwidth.
NOTE 3:	The requirement is not applicable when fmax < 10 MHz.



Firstly, the values of ΔfOBUE are defined as 10 or 40MHz. Then, we can get f_offsetmax based on the definition and the values of ΔfOBUE. In the end, f_offsetmax is used in operating band unwanted emission limits, e.g. Table 6.6.4.2.2.1-1.
Observation 2: ΔfOBUE is used in operating band unwanted emission limits based on the TS 38.104. ΔfOBUE is assumed as the transitional zone of transmitter filter.
However, if we go through the SAN spec TS 38.108, we can find the logic is different from BS spec TS 38.104. The specification for SAN is shown below.
Clause 6.6.1
The maximum offset of the operating band unwanted emissions mask from the operating band edge is ΔfOBUE. The Operating band unwanted emissions define all unwanted emissions in each supported downlink operating band plus the frequency ranges ΔfOBUE above and ΔfOBUE below each band. Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement.
The values of ΔfOBUE are defined in table 6.6.1-1 for the SAN operating bands.
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 


Clause 6.6.4.1
Basic limits are specified in the tables below, where:
-	f is the separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.
-	f_offset is the separation between the channel edge frequency and the centre of the measuring filter.
-	PSDchannel represents the Power Spectral Density of the channel for a given channel bandwidth
-	BWChannel is the considered NR channel bandwidth or SAN total RF bandwidth for a given operating band.
-	 is the SAN class parameter in dB identified to characterize different SAN classes.
Clause 6.6.4.2
The SAN Operating Band Unwanted Emissions (OBUE) requirements for GEO and LEO classes are therefore defined as described in Table 6.6.4.2‑1 below.
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
	0.002 MHz  f_offset < 2× BWChannel + 0.002 MHz
	
	4 kHz

	NOTE 1: PSDchannel = Prated,c, sys – 10log10(BWChannel) – 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.



Observation 3: Even if we specify ΔfOBUE in TS 38.108, but it isn’t used in SAN LEO and GEO Classes OBUE basic limits. In addition, we didn’t specify f_offsetmax.
Based on the observation above, ΔfOBUE in TS 38.108 is useless and we have specified the maximum f_offset as 2× BWChannel in the basic limits directly based on the ITU definition.
Proposal 2: To remove ΔfOBUE in TS 38.108 and improve/modify the corresponding wordings since we have specified the maximum f_offset as 2× BWChannel in the basic limits directly based on the ITU definition.
Discussion on single carrier VS multi-carrier scenario
Companies provided an outstanding example [5] of a NGSO satellite at 600km altitude in S-band as below.
· Output power = 47dBm
· Necessary bandwidth = 30 MHz
· Spectral density = 47-10 log (30000/4) = 8,25 dBm/4kHz
· =3 dB for LEO class.

Since the necessary RF bandwidth is 30MHz with two carriers (each one own 15MHz), the proponent proposed the following modifications.
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.



Even though the modifications are applicable to the case that 30MHz RF bandwidth with two carriers is deployed and the requirements about out-of-band emissions are aligned with ITU-R 1541, other cases are not aligned with ITU-R 1541, e.g. 15MHz single carrier case.
Based on the definition of ITU-R 1541, current SAN specifications should be applicable to the following cases
Table 1 typical cases for single carrier and multi-carrier scenarios
	
	spurious emission
	out of band emission
	wanted signal / necessary bandwidth
	out of band emission
	spurious emission

	15MHz+15MHz multi-carrier case
	< 2110MHz
	2110~2170MHz
	2170~2200MHz
	2200~2260MHz
	> 2260MHz

	15MHz single carrier case
	< 2150MHz
	2150~2180MHz
	2180~2195MHz
	2195~2225MHz
	> 2225MHz

	5MHz single carrier case
	< 2160MHz
	2160~2170MHz
	2170~2175MHz
	2175~2185MHz
	> 2185MHz



Proposal 3: Current SAN requirements should be updated based on the principle that the out of band emission specified in ITU-R 1541 should be applicable to both multi-carrier and single carrier cases.
Summary
Proposal 1: it’s proposed to use a new term to replace “operating band unwanted emission (OBUE)” for SAN, e.g. “out-of-band emission”.
For example, the following parts can be modified as below.
The out-of-band emissions domain requirement for the SAN transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and operating band unwanted out-of-band emissions (OBUEOOBE).
Observation 1: the values of ΔfOBUE specified in clause 6.6.1 and 9.7.1 from TS 38.108 are different and incorrect.
Observation 2: ΔfOBUE is used in operating band unwanted emission limits based on the TS 38.104. ΔfOBUE is assumed as the transitional zone of transmitter filter.
Observation 3: Even if we specify ΔfOBUE in TS 38.108, but it isn’t used in SAN LEO and GEO Classes OBUE basic limits. In addition, we didn’t specify f_offsetmax.
Proposal 2: To remove ΔfOBUE in TS 38.108 and improve/modify the corresponding wordings since we have specified the maximum f_offset as 2× BWChannel in the basic limits directly based on the ITU definition.
Proposal 3: Current SAN requirements should be updated based on the principle that the out of band emission specified in ITU-R 1541 should be applicable to both multi-carrier and single carrier cases.
References
[1] R4-2214370, Way Forward on NTN Solutions SAN RF Maintenance, Moderator (THALES)
[2] R4-2209361, Discussion on SAN OoB domain mask and spurious emission requirements, Huawei, HiSilicon, Thales
[3] ITU-R SM.329 Unwanted emissions in the spurious domain
[4] R4-164260, NR BS unwanted emissions and boundary to spurious emissions, Ericsson
[5] R4-2215337, Discussion on SAN Out-of-Band Mask, THALES
3GPP
image3.wmf
dB

MHz

offset

f

dBm

÷

ø

ö

ç

è

æ

-

×

-

-

05

.

0

_

5

7

7


image1.png
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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