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Introduction
Draft TS skeleton for Non-terrestrial networks (NTN) related to NR; Satellite Access Node radio transmission and reception (TS 38.108) has been approved in R4-2203087 [1] and the work split has been summarized in R4-2203080 Way Forward on NTN_solutions_Part1 [2] approved in RAN4 101-bis-e meeting. For further information, please also follow the discussions in R4-2203111 [3].

In this document, following changes have been proposed as a TP to update TS 38.108: 
· Section x.x: SAN spurious emissions

[bookmark: OLE_LINK1]In this contribution, we follow methodology provided in R4-2205468 (“Further discussion on conducted Tx requirements of satellite access node”, ZTE) and R4-2205046 (“NTN - SAN TX requirement proposals”, Ericsson), and adapted them by taking into account the following RAN4 102-e GTW decisions (23/02/2022):

Agreement GTW discussion [102-e][308]:
Introduce SAN classes in Rel-17: LEO and GEO
Further discuss the requirements associated with SAN classes in case by case manner including [IoT level/ICS, NF, ACLR/ACS, Emission]
Note: Introducing additional classes in future release not precluded. 

Agreement GTW discussion [102-e][310]:
Measurement bandwidth: 4kHz
General principle: Follow ITU recommendation 15-41 (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

GTW discussion with respect to SAN spurious emissions [102-e][310]:
Further discuss reference, basic limit and measurement BW.

As a reminder, R4-2205468 and R4-2205046 provided the following information: 

	Spurious frequency range
	Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	
	1 kHz
	Note 1

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz - 12.75 GHz
	-13dBm
	1 MHz
	Note 1, Note 2

	12.75 GHz – 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	1 MHz
	Note 1, Note 2, Note 3

	NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [2], s4.1.
NOTE 2:	Upper frequency as in ITU-R SM.329 [2], s2.5 table 1.
NOTE 3:	This spurious frequency range applies only for operating bands for which the 5th harmonic of the upper frequency edge of the DL operating band is reaching beyond 12.75 GHz.




For the reasons mentioned above, we propose new spurious emissions limit values for SAN, taking into account SAN class definition and new measurement bandwidth values.
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Spurious Emissions SAN Proposals
Based on 2 class SAN definition, 4 kHz measurement bandwidth (as in SM.1541-6), spurious emission definition (as in SM.239-12), SAN power of 51 dBm in 20 MHz (GEO class) and 53 dBm in 20 MHz (LEO class), we further define the SAN Spurious Emissions requirement for GEO and LEO classes as presented below.

For satellites operating in MSS S-Band n256 and MSS L-band n255, the following frequency range for measurements should be applied: 
Table 1. Frequency range for measurements
	Fundamental 
frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit
(The test should include the entire harmonic
band and not be truncated at the precise
upper frequency limit stated)

	600 MHz - 5.2 GHz
	800 MHz
	11 GHz (5th harmonic)



With the following justifications and comments:
1) The lower limit of 30 MHz is replaced as per ITU-R SM.329-12: « Systems having an integral antenna incorporating a waveguide section, or with an antenna connection in such form, and of unperturbed length equal to at least twice the cut-off wavelength, do not require spurious domain emission measurements below 0.7 times the waveguide cut-off frequency. » 
2) This lower limit (800 MHz) covers the 0.7 times the standards cut-off frequency of WR510, WR340 and WR430 waveguides to be used for L-Band and S-Band SAN type 1-H. As an example, the cut-off frequency of lowest order mode for WR510 waveguide is 1.157 GHz, and therefore 0.7x1.157 GHz = 808.9 MHz > 800 MHz proposed lower limit.
3) The upper limit of 11 GHz corresponds to the 5th harmonic of maximum frequency in S-Band (2200 MHz).
4) Tx spurious limit value shall not be applied within the transmit L-Band and S-Band.

Please also note that in SM.329-12 the 43+log(P) attenuation is applicable only if transmitter power < 50W, and attenuation of 60 dBc is applicable for transmitter power > 50W. Therefore, the limit of -13 dBm applies only in the case of transmitter power lower than 50 W, otherwise the spurious limit has to be computed accordingly for transmitter power higher than 50 W.

Using SM.329-12 for P > 50W (4th row from Table 10), one can obtain:
1) -9 dBm (i.e. 21-30 [dBm] = -9 dBm) spurious emission power over 4 kHz measurement bandwidth for the GEO class, and 
2) -7 dBm (i.e. 23-30 [dBm] = -7 dBm) spurious emission power over 4 kHz measurement bandwidth for the LEO class.

This computation indicates two spurious emission limits with respect to the GEO and LEO classes.

For all these reasons, one can obtain the following SAN Spurious Emissions limits for GEO and LEO classes as presented in the following table.

Table 2. Basic spurious emission limit for GEO and LEO SAN classes

	Spurious frequency range
	Basic limit GEO class (dBm)
	Basic limit LEO class (dBm)
	Measurement bandwidth
	Notes

	800 MHz - 1508 MHz
	-9
	-7
	4 kHz
	Notes 1,2,3

	1508 MHz - 1513 MHz

	1
Covered by OBUE requirement
	-5
Covered by OBUE requirement
	4 kHz

	
Note 1

	1513 MHz -1518 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	1518 MHz - 1559 MHz
	NA: L-Band transmit Bandwidth
	4 kHz
	Note 1

	1559 MHz - 1564 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	
1564 MHz - 1569 MHz

	1
Covered by OBUE requirement
	-5
Covered by OBUE requirement
	4 kHz

	
Note 1

	1569 MHz - 2160 MHz
	-9
	-7
	4 kHz
	Notes 1,3

	2160 MHz - 2165 MHz

	1
Covered by OBUE requirement
	 -5
Covered by OBUE requirement
	4 kHz

	
Note 1

	2165 MHz - 2170 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	2170 MHz - 2200 MHz
	NA: S-Band transmit Bandwidth 
	4 kHz
	Note 1

	2200 MHz - 2205 MHz
	Covered by OBUE requirement 
	4 kHz
	Note 1

	2205 MHz- 2210 MHz
 
	1
Covered by OBUE requirement
	-5
Covered by OBUE requirement
	4 kHz

	
Note 1

	2210 MHz- 11000 MHz
	-9
	-7
	4 kHz
	Notes 1,2

	NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [x], s4.1.
NOTE 2:	Lower and Upper frequency as in ITU-R SM.329 [x], s2.5 table 1.
NOTE 3:  As per ITU-R SM.329 [x], Spurious requirement is -60 dBc with respect to useful operating power P: 51-60= -9 dBm for GEO class and 53-60= -7 dBm for LEO class.


















With the simplified version of Table 2 represented in Table 3:

Table 3. Basic spurious emission limit for GEO and LEO SAN classes
	Spurious frequency range
	Basic limit GEO class (dBm)
	Basic limit LEO class (dBm)
	Measurement bandwidth
	Notes

	800 MHz - 1508 MHz
	-9
	-7
	4 kHz
	Notes 1,2,3

	1508 MHz - 1518 MHz
	Covered by OBUE requirement
	    4 kHz
	Note 1

	1518 MHz - 1559 MHz
	NA: L-Band transmit Bandwidth
	4 kHz
	Note 1

	1559 MHz - 1569 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	1569 MHz - 2160 MHz
	-9
	-7
	4 kHz
	Notes 1,3

	2160 MHz - 2170 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	2170 MHz - 2200 MHz
	 NA: S-Band transmit Bandwidth 
	4 kHz
	Note 1

	2200 MHz - 2210 MHz
	Covered by OBUE requirement 
	4 kHz
	Note 1

	2210 MHz- 11000 MHz
	-9
	-7
	4 kHz
	Notes 1, 2

	NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [x], s4.1.
NOTE 2:	Lower and Upper frequency as in ITU-R SM.329 [x], s2.5 table 1.
NOTE 3:  As per ITU-R SM.329 [x], Spurious requirement is -60 dBc with respect to useful operating power P: 51-60= -9 dBm for GEO class and 53-60= -7 dBm for LEO class.

























Text proposals for TS 38.108
------------------------------------------------<Start of TP>----------------------------------------------
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For satellites operating in MSS S-Band n256 and MSS L-band n255, the frequency range for measurements shall be applied as in Table x.x-1. 
Table x.x-1. Frequency range for measurements
	Fundamental 
frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit
(The test should include the entire harmonic
band and not be truncated at the precise
upper frequency limit stated)

	600 MHz - 5.2 GHz
	800 MHz
	11 GHz (5th harmonic)



SAN spurious emissions limits for GEO and LEO classes with respect to MSS S-Band n256 and MSS L-band n255 are defined as described in Table x.x-2.

Table x.x-2. Basic spurious emission limit for GEO and LEO SAN classes
	Spurious frequency range
	Basic limit GEO class (dBm)
	Basic limit LEO class (dBm)
	Measurement bandwidth
	Notes

	800 MHz - 1508 MHz
	-9
	-7
	4 kHz
	Notes 1,2,3

	1508 MHz - 1518 MHz
	Covered by OBUE requirement
	    4 kHz
	Note 1

	1518 MHz - 1559 MHz
	NA: L-Band transmit Bandwidth
	4 kHz
	Note 1

	1559 MHz - 1569 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	1569 MHz - 2160 MHz
	-9
	-7
	4 kHz
	Notes 1,3

	2160 MHz - 2170 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	2170 MHz - 2200 MHz
	 NA: S-Band transmit Bandwidth 
	4 kHz
	Note 1

	2200 MHz - 2210 MHz
	Covered by OBUE requirement 
	4 kHz
	Note 1

	2210 MHz- 11000 MHz
	-9
	-7
	4 kHz
	Notes 1, 2

	NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [x], s4.1.
NOTE 2:	Lower and Upper frequency as in ITU-R SM.329 [x], s2.5 table 1.
NOTE 3:  As per ITU-R SM.329 [x], Spurious requirement is -60 dBc with respect to useful operating power P: 51-60= -9 dBm for GEO class and 53-60= -7 dBm for LEO class.




------------------------------------------------<End of TP>-----------------------------------------------

Text proposals for TR 38.863
------------------------------------------------<Start of TP>----------------------------------------------

x.x		Spurious emissions for SAN
Based on 2 class SAN definition, 4 kHz measurement bandwidth (as in SM.1541-6), spurious emission definition (as in SM.239-12), SAN power of 51 dBm in 20 MHz (GEO class) and 53 dBm in 20 MHz (LEO class), we further define the SAN Spurious Emissions requirement for GEO and LEO classes as presented below.

For satellites operating in MSS S-Band n256 and MSS L-band n255, the frequency range for measurements shall be applied as in Table x.x-1. 
Table x.x-1. Frequency range for measurements
	Fundamental 
frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit
(The test should include the entire harmonic
band and not be truncated at the precise
upper frequency limit stated)

	600 MHz - 5.2 GHz
	800 MHz
	11 GHz (5th harmonic)



With the following justifications and comments:
1) The lower limit of 30 MHz is replaced as per ITU-R SM.329-12: « Systems having an integral antenna incorporating a waveguide section, or with an antenna connection in such form, and of unperturbed length equal to at least twice the cut-off wavelength, do not require spurious domain emission measurements below 0.7 times the waveguide cut-off frequency. » 
2) This lower limit (800 MHz) covers the 0.7 times the standards cut-off frequency of WR510, WR340 and WR430 waveguides to be used for L-Band and S-Band SAN type 1-H. As an example, the cut-off frequency of lowest order mode for WR510 waveguide is 1.157 GHz, and therefore 0.7x1.157 GHz = 808.9 MHz > 800 MHz proposed lower limit.
3) The upper limit of 11 GHz corresponds to the 5th harmonic of maximum frequency in S-Band (2200 MHz).
4) Tx spurious limit value shall not be applied within the transmit L-Band and S-Band.

Please also note that in SM.329-12 the 43+log(P) attenuation is applicable only if transmitter power < 50W, and attenuation of 60 dBc is applicable for transmitter power > 50W. Therefore, the limit of -13 dBm applies only in the case of transmitter power lower than 50 W, otherwise the spurious limit has to be computed accordingly for transmitter power higher than 50 W.

Using SM.329-12 for P > 50W (4th row from Table 10), one can obtain:
1) -9 dBm (i.e. 21-30 [dBm] = -9 dBm) spurious emission power over 4 kHz measurement bandwidth for the GEO class, and 
2) -7 dBm (i.e. 23-30 [dBm] = -7 dBm) spurious emission power over 4 kHz measurement bandwidth for the LEO class.

This computation indicates two spurious emission limits with respect to the GEO and LEO classes.

For all these reasons, one can obtain the following SAN Spurious Emissions limits for GEO and LEO classes as represented in Table x.x-2.

Table x.x-2. Basic spurious emission limit for GEO and LEO SAN classes
	Spurious frequency range
	Basic limit GEO class (dBm)
	Basic limit LEO class (dBm)
	Measurement bandwidth
	Notes

	800 MHz - 1508 MHz
	-9
	-7
	4 kHz
	Notes 1,2,3

	1508 MHz - 1513 MHz

	1
Covered by OBUE requirement
	-5
Covered by OBUE requirement
	4 kHz

	
Note 1

	1513 MHz -1518 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	1518 MHz - 1559 MHz
	NA: L-Band transmit Bandwidth
	4 kHz
	Note 1

	1559 MHz - 1564 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	
1564 MHz - 1569 MHz

	1
Covered by OBUE requirement
	-5
Covered by OBUE requirement
	4 kHz

	
Note 1

	1569 MHz - 2160 MHz
	-9
	-7
	4 kHz
	Notes 1,3

	2160 MHz - 2165 MHz

	1
Covered by OBUE requirement
	 -5
Covered by OBUE requirement
	4 kHz

	
Note 1

	2165 MHz - 2170 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	2170 MHz - 2200 MHz
	NA: S-Band transmit Bandwidth 
	4 kHz
	Note 1

	2200 MHz - 2205 MHz
	Covered by OBUE requirement 
	4 kHz
	Note 1

	2205 MHz- 2210 MHz
 
	1
Covered by OBUE requirement
	-5
Covered by OBUE requirement
	4 kHz

	
Note 1

	2210 MHz- 11000 MHz
	-9
	-7
	4 kHz
	Notes 1,2

	NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [x], s4.1.
NOTE 2:	Lower and Upper frequency as in ITU-R SM.329 [x], s2.5 table 1.
NOTE 3:  As per ITU-R SM.329 [x], Spurious requirement is -60 dBc with respect to useful operating power P: 51-60= -9 dBm for GEO class and 53-60= -7 dBm for LEO class.



Table x.x-3. Basic spurious emission limit for GEO and LEO SAN classes – simplified view
	Spurious frequency range
	Basic limit GEO class (dBm)
	Basic limit LEO class (dBm)
	Measurement bandwidth
	Notes

	800 MHz - 1508 MHz
	-9
	-7
	4 kHz
	Notes 1,2,3

	1508 MHz - 1518 MHz
	Covered by OBUE requirement
	    4 kHz
	Note 1

	1518 MHz - 1559 MHz
	NA: L-Band transmit Bandwidth
	4 kHz
	Note 1

	1559 MHz - 1569 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	1569 MHz - 2160 MHz
	-9
	-7
	4 kHz
	Notes 1,3

	2160 MHz - 2170 MHz
	Covered by OBUE requirement
	4 kHz
	Note 1

	2170 MHz - 2200 MHz
	 NA: S-Band transmit Bandwidth 
	4 kHz
	Note 1

	2200 MHz - 2210 MHz
	Covered by OBUE requirement 
	4 kHz
	Note 1

	2210 MHz- 11000 MHz
	-9
	-7
	4 kHz
	Notes 1, 2

	NOTE 1:	Measurement bandwidths as in ITU-R SM.329 [x], s4.1.
NOTE 2:	Lower and Upper frequency as in ITU-R SM.329 [x], s2.5 table 1.
NOTE 3:  As per ITU-R SM.329 [x], Spurious requirement is -60 dBc with respect to useful operating power P: 51-60= -9 dBm for GEO class and 53-60= -7 dBm for LEO class.
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