[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #105              									             R4-2219281
Toulouse, France, 14th November – 18th November, 2022

Agenda item:			6.2.1
Source:	THALES
Title:	Discussion on SAN OBUE and Spurious Emission Limits
Document for:	Discussion
Introduction
As a result of RAN4#104-bis-e meeting, and agreed in R4-2217311 (Way Forward on NTN Solutions SAN RF Maintenance), following options were considered as starting point for future RAN4 meetings for OBUE (and implicitly) spurious emission limits:
Sub-topic 1-1: OBUE
Issue 1-1-1: definition of OBUE
Proposal 1-1-1-1: 
· Option 1: replace “operating band unwanted emission (OBUE)” for SAN with “out-of-band emission” (OoBE).
· Option 2: do not replace “operating band unwanted emission (OBUE)” for SAN with “out-of-band emission” (OoBE). Keep “OBUE” naming in TS 38.108.
Way forward: Companies are encouraged to share and justify their view for next RAN4 meeting.

Issue 1-1-2: definition of ΔfOBUE
Proposal 1-1-2-1: 
· Option 1: 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).
· Option 2: ΔfOoBE	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).
· Option 3: Other Option

Way forward: Companies are encouraged to share and justify their view for next RAN4 meeting

Issue 1-1-3: correction of ΔfOBUE values for SAN
Proposal 1-1-3-1:
· Option 1: 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



· Option 2: Correct ΔfOBUE with ΔfOoBE 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
	ΔfOoBE (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
	ΔfOoBE (MHz)

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



· Option 3: Do not keep the current definition with ΔfOBUE for SAN in TS 38.108. Do not specify ΔfOBUE for SAN.

Way forward: Companies are encouraged to share and justify their view for next RAN4 meeting

Proposal 1-1-3-2 (NEW): For consistency issues between OTA and Conducted, correct the following Table in 38.108:
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



Way forward: Companies are encouraged to share and justify their view for next RAN4 meeting

For further information please also see R4-2217478 (Email discussion summary for [104-bis-e][304] NTN_Solutions_RF_Maintenance).
This contribution explains why RAN4 should define the spurious emission domain considering the OBUE mask applied to the total allocated SAN bandwidth. Spurious emissions should not be tested inside (total allocated) SAN bandwidth.
Recall Representations from R4-2215337
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 (i.e. Spurious Emission limit and PSD attenuation limit) 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.
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Figure 1. Out of Band mask vs. percentage of bandwidth
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Figure 2. Out of Band mask vs. frequency offset

The example was for NGSO satellite at 600 km altitude in S-band with the following parameters:
· Output power = 47dBm
· Necessary bandwidth = 30 MHz
· Spectral density = 47-10 log (30000/4) = 8,25 dBm/4kHz
· =3 dB for LEO class.

Please note that Figure 2 is very similar with Figure 3 from the ITU recommendation ITU-R SM.1541-6:
[image: ]
Figure 3. ITU-R SM.1541-6 recommendation - Out of Band mask vs. frequency offset

Both Figure 2 and Figure 3 Out-of-Band and Spurious emissions defined per satellite band, and evaluation limits are outside the SAN satellite band.
However, according to current TS 38.108 definition, both spurious and OBUE limit are applied per SAN channel and not per SAN band, which results in over-specification. In this contribution we therefore propose not to specify SAN spurious requirements inside the SAN band.

Example with few Simulation Results
As also explained in R4-2215337 (Discussion on SAN Out-of-Band Mask), the out-of-band emissions limits are defined from channel edge up to frequencies separated from the channel edge by 200% of the necessary band.
Spurious emissions are required to not exceed -60 dBc with respect to the useful power or -13 dBm/4kHz, whichever is higher. The spurious emission domain starts at the boundary of the out-of-band emissions domain.
Above requirement should be possible to meet applying this definition to the total available bandwidth in FR1 (for example, 30 MHz in S-Band). Indeed, specifying spurious signals at -60 dBc level is a rather constraining requirement. If the spurious is outside the SAN allocated bandwidth, payload filtering rejection will attenuate the spurious signals. Nevertheless, if the spurious is generated within the bandwidth, no filtering is possible. 
When applying the out-of-band emission mask to a given carrier, depending on the bandwidth occupied by the carrier the out-of-band domain may fall within the SAN bandwidth.
Consider a carrier occupying 5 MHz with total power of 47 dBm occupying 5 MHz bandwidth. In those conditions, the useful power spectral density is equal to 16.0 dBm/4kHz.
A spurious signal is present in the output spectrum within the useful SAN bandwidth. This spurious has a level of about -7 dBm as illustrated in the figure below. This represents a relative level of -54 dBc with respect to the carrier total power. Such a level does not represent any degradation to the transmit quality of the channel. Nevertheless, application of the out-of-band mask starting at the edge of a narrow band signal will give rise to a non-compliant performance.
In order to avoid this situation, this contribution proposes to define the spurious emission domain considering the OBUE mask applied to the total allocated SAN bandwidth.
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Figure 4. Example with 5 MHz DL transmission channel (2195-2200 MHz) at the upper edge of DL SAN S-band n256 (2170-2200 MHz)

SAN Spurious emissions requirements should not be applicable inside SAN band.
Proposal 1: SAN Spurious emissions requirements are applicable only outside respective SAN band. Define the Spurious emissions limits excluding the SAN band (and not only SAN channel BW).

SAN Out-of-Band emissions requirements should not be applicable inside SAN band.
Proposal 2: SAN Out-of-Band emissions requirements are applicable only outside respective SAN band. Define the SAN Out-of-Band emissions limits starting from the edges of the SAN band.

Another option is to define the spurious emission domain considering the OBUE mask applied to the total allocated SAN bandwidth.
Proposal 3: Define the spurious emission domain considering the OBUE mask applied to the total allocated SAN bandwidth.

Proposal 4: For consistency issues between OTA and Conducted, correct the following Table in TS 38.108:
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




Discussion with few Examples
The current version of TS 38.108 states the following:
· Clause 3.2 Symbols:
“ΔfOBUE	Maximum offset of the operating band unwanted emissions mask from the downlink operating band edge.”
· Clause 6.6 Unwanted emissions:
“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 Operating band unwanted emissions:
“BWChannel is the considered NR channel bandwidth or SAN total RF bandwidth for a given operating band.”
· Clause 6.6.5 Transmitter spurious emissions:
“The transmitter spurious emission limits shall apply from 30 MHz to the fifth harmonic of the upper frequency edge of the DL operating band, excluding the frequency range from ΔfOBUE below the lowest frequency of each supported downlink operating band, up to ΔfOBUE above the highest frequency of each supported downlink operating band, where the ΔfOBUE is defined in table 6.6.1-1.”

Therefore, according to the current definitions from current TS 38.108, the following situations may occur:
Examples for NTN S-band (n256)
Currently there are 2 main different definitions opposing each other:
1. Option 1 (current definition): Keep ΔfOBUE, Spurious and OBUE emission are defined per SAN channel BW. Spurious and OBUE not to be tested inside the SAN band, as per current TS 38.108 and TS 38.104;
2. Option 2 (if ΔfOBUE removed): ΔfOBUE to be removed, Spurious and OBUE emission are defined per SAN channel BW. Spurious and OBUE to be tested inside the SAN band where applicable;
3. [Option 3 (Alternative to Option 1): Keep ΔfOBUE, Spurious and OBUE emission are defined per SAN (total) BW of the respective SAN band. Spurious and OBUE not to be tested inside the SAN band, as per current TS 38.108 and TS 38.104;]

	

Configuration
Number
	n256 S-band (2170~2200 MHz) Channel Configuration Examples
	Spurious Emission Limit
	Out-of-band Emission
Limit
	Wanted signal/Necessary bandwidth
	Out-of-band Emission
Limit
	Spurious Emission Limit

	1
(current definition)
	15 MHz + 15 MHz multi-carrier case (current definition with 15 MHz channel BW)
	< 2140 MHz
	2140~2170 MHz
	2170~2200 MHz
	2200~2230 MHz
	> 2230 MHz

	1
(current definition)
	15 MHz + 15 MHz (current definition with total 30 MHz SAN BW)
	< 2110 MHz
	2110~2170 MHz
	2170~2200 MHz
	2200~2260 MHz
	> 2260 MHz

	1
(if ΔfOBUE removed)
	15 MHz + 15 MHz multi-carrier case
	< 2110 MHz
	2110~2170 MHz
	2170~2200 MHz
	2200~2260 MHz
	> 2260 MHz

	2
(current definition)
	15 MHz single carrier case
	< 2140 MHz
	2140~2170 MHz
	2180~2195 MHz
	2200~2230 MHz
	> 2230 MHz

	2
(if ΔfOBUE removed)
	15 MHz single carrier case
	< 2150 MHz
	2150~2180 MHz*
	2180~2195 MHz
	2195~2225 MHz*
	> 2225 MHz

	3
(current definition) 
	Lower Edge 5 MHz single carrier case
	< 2160 MHz
	2160~2170 MHz
	2170~2175 MHz
	2200~2210 MHz
	> 2210 MHz

	3
(if ΔfOBUE removed)
	Lower Edge 5 MHz single carrier case
	< 2160 MHz
	2160~2170 MHz
	2170~2175 MHz
	2175~2185 MHz*
	> 2185 MHz*

	4
(current definition)
	Upper Edge 5 MHz single carrier case
	< 2160 MHz
	2160~2170 MHz
	2195~2200 MHz
	2200~2210 MHz
	> 2210 MHz

	4
(if ΔfOBUE removed)
	Upper Edge 5 MHz single carrier case
	< 2185 MHz*
	2185~2195 MHz*
	2195~2200 MHz
	2200~2210 MHz
	> 2210 MHz

	5 
(current definition)
	5 MHz + 5 MHz (lower and upper edge) multi-carrier case
	< 2160 MHz
	2160~2170 MHz
	2170~2175 MHz
&
2195~2200 MHz
	2200~2210 MHz
	> 2210 MHz

	5 
(current definition)
	5 MHz + 5 MHz (current definition with 10 MHz Channel BW)
	< 2150 MHz
	2150~2170 MHz
	2170~2175 MHz
&
2195~2200 MHz
	2200~2220 MHz
	> 2220 MHz

	5 
(current definition)
	5 MHz + 5 MHz (if current definition with total 30 MHz SAN BW)
	< 2110 MHz
	2110~2170 MHz
	2170~2175 MHz
&
2195~2200 MHz
	2200~2260 MHz
	> 2260 MHz

	5
(if ΔfOBUE removed)
	5 MHz + 5 MHz (lower and upper edge) multi-carrier case
	< 2160 MHz
	2160~2170 MHz
&
2175~2185 MHz*
	2170~2175 MHz
&
2195~2200 MHz
	2200~2210 MHz
&
2185~2195 MHz*
	> 2210 MHz



Observation 1: The marked (blue) values are representing authorized OBUE or Spurious Emissions limits. OBUE or Spurious Emissions requirements are tested only outside the SAN S-band.
Observation 2: The marked (*red) values are representing un-authorized OBUE or Spurious Emissions limits. OBUE or Spurious Emissions requirements can be tested inside the SAN S-band.
Observation 3: If the entire SAN S-band is used, the definitions (keeping or removing ΔfOBUE) are similar.

Examples for NTN L-band (n255)
Currently there are 2 main different definitions opposing each other:
4. Option 1 (current definition): Keep ΔfOBUE, Spurious and OBUE emission are defined per SAN channel BW. Spurious and OBUE not to be tested inside the SAN band, as per current TS 38.108 and TS 38.104;
5. Option 2 (if ΔfOBUE removed): ΔfOBUE to be removed, Spurious and OBUE emission are defined per SAN channel BW. Spurious and OBUE to be tested inside the SAN band where applicable;
6. [Option 3 (Alternative to Option 1): Keep ΔfOBUE, Spurious and OBUE emission are defined per SAN (total) BW of the respective SAN band. Spurious and OBUE not to be tested inside the SAN band, as per current TS 38.108 and TS 38.104;]

	

Configuration
Number
	n255 L-band (DL 1525-1559 MHz) Channel Configuration Examples
	Spurious Emission Limit
	Out-of-band Emission
Limit
	Wanted signal/Necessary bandwidth
	Out-of-band Emission
Limit
	Spurious Emission Limit

	3
(current definition) 
	Lower Edge 5 MHz single carrier case
	< 1515 MHz
	1515~1525 MHz
	1525~1530 MHz
	1559~1569 MHz
	> 1569 MHz

	3
(if ΔfOBUE removed)
	Lower Edge 5 MHz single carrier case
	< 1515 MHz
	1515~1525 MHz
	1525~1530 MHz
	1530~1540 MHz*
	> 1540 MHz*

	4
(current definition)
	Upper Edge 5 MHz single carrier case
	< 1515 MHz
	1515~1525 MHz
	1554~1559 MHz
	1559~1569 MHz
	> 1569 MHz

	4
(if ΔfOBUE removed)
	Upper Edge 5 MHz single carrier case
	< 1544 MHz*
	1544~1554 MHz*
	1554~1559 MHz
	1559~1569 MHz
	> 1569 MHz

	5 
(current definition)
	5 MHz + 5 MHz (lower and upper edge) multi-carrier case
	< 1515 MHz

	1515~1525 MHz

	1525~1530 MHz 
&
1554~1559 MHz
	1559~1569 MHz

	> 1569 MHz


	5 
(current definition)
	5 MHz + 5 MHz (current definition with 10 MHz Channel BW)
	< 1505 MHz

	1505~1525 MHz

	1525~1530 MHz 
&
1554~1559 MHz
	1559~1579 MHz

	> 1579 MHz


	5 
(current definition)
	5 MHz + 5 MHz (if current definition with total 34 MHz SAN BW)
	< 1457 MHz

	1457~1525 MHz

	1525~1530 MHz 
&
1554~1559 MHz
	1559~1627 MHz

	> 1627 MHz


	5
(if ΔfOBUE removed)
	5 MHz + 5 MHz (lower and upper edge) multi-carrier case
	< 1515 MHz
&
1540~1544 MHz*
	1515~1525 MHz
&
1530~1540 MHz*
	1525~1530 MHz 
&
1554~1559 MHz
	1559~1569 MHz
&
1544~1554 MHz*
	> 1569 MHz
&
1540~1544 MHz*



Observation 4: The marked (blue) values are representing authorized OBUE or Spurious Emissions limits. OBUE or Spurious Emissions requirements are tested only outside the SAN L-band.
Observation 5: The marked (*red) values are representing un-authorized OBUE or Spurious Emissions limits. OBUE or Spurious Emissions requirements can be tested inside the SAN L-band.








Conclusion
Proposal 1: SAN Spurious emissions requirements are applicable only outside respective SAN band. Define the Spurious emissions limits excluding the SAN band (and not only SAN channel BW).
Proposal 2: SAN Out-of-Band emissions requirements are applicable only outside respective SAN band. Define the SAN Out-of-Band emissions limits starting from the edges of the SAN band.
Proposal 3: Define the spurious emission domain considering the OBUE mask applied to the total allocated SAN bandwidth.
Proposal 4: For consistency issues between OTA and Conducted, correct the following Table in TS 38.108:
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




Observation 1: The marked (blue) values are representing authorized OBUE or Spurious Emissions limits. OBUE or Spurious Emissions requirements are tested only outside the SAN S-band.
Observation 2: The marked (*red) values are representing un-authorized OBUE or Spurious Emissions limits. OBUE or Spurious Emissions requirements can be tested inside the SAN S-band.
Observation 3: If the entire SAN S-band is used, the definitions (keeping or removing ΔfOBUE) are similar.
Observation 4: The marked (blue) values are representing authorized OBUE or Spurious Emissions limits. OBUE or Spurious Emissions requirements are tested only outside the SAN L-band.
Observation 5: The marked (*red) values are representing un-authorized OBUE or Spurious Emissions limits. OBUE or Spurious Emissions requirements can be tested inside the SAN L-band.
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