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Introduction
During the RAN4#102-bis-e BS RF GTW discussion on 23/02/2022 it was decided to consider 2 classes (1 for LEO and 1 for GEO). The LEO class incorporates both LEO@600km and LEO@1200km. Moreover, during the BS RF GTW discussion on 28/02/2022, it was decided to further discuss the Way Forward with respect to SAN SEM (SAN OBUE and SAN spurious emissions). As a result of GTW decisions and “Email discussion summary for [102-e][310] NTN_Solutions_Part3” (see R4-2207440), the following agreements have been made for SAN Spurious Emissions in the approved Way Forward on SAN SEM and spurious emission (R4-2207456), with the following options:
· Option 1 (Ericsson): 
	Spurious frequency range
	Basic limit GEO class (dBm)
	Basic limit LEO class (dBm)
	Measurement bandwidth

	9kHz – 12.75 GHz
	[-13]
	[-13]
	4 kHz



FFS how to handle limit when satellite output power > 50W.

· Option 2 (THALES): 
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.



· Option 3: Other solutions are not precluded.

Discussion
As a general information, the general principle is to follow ITU-R recommendation SM.329-12 (Unwanted emissions in the spurious domain), with the measurement bandwidth of 4 kHz.
The SAN spurious emissions limit requirements for GEO and LEO classes are defined in Table 1:

Table 1. 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

	30 MHz – 5th harmonic
(NOTE 2, 4, 5) 



	When Prated,c,sys ≤ 47dBm :
-13
When Prated,c,sys > 47dBm :
Prated,c,sys-60
( NOTE 3)
	4 kHz
(NOTE 1)



	See NOTES 1, 2, 3, 4 ,5 

	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. Applies only for the fundamental frequency range 600 MHz - 5.2 GHz (e.g. for n255 and n256 frequency bands).
NOTE 3: 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.

	



Measurement bandwidths are as in ITU-R recommendation SM.329-12, section 4.1. Lower and upper frequencies are defined as in ITU-R SM.329-12, section 2.5, Table 1. Provided limits for the values are as in ITU-R SM.329-12, Table 10.
Moreover, the equation is no longer depending on the SAN transmission power (in SAN case obtained from the system bandwidth and transmitted power density) and has a general expression, taking into account all the potential cases.
Please also find the following justifications and comments (as also described in R4-2207389):
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. In order to avoid any confusion with respect to LEO satellite class (if defined based on LEO@600km, LEO@1200km), transmitted power and bandwidth, we therefore propose to have a more general expression as previously described in Table 1:
- When Prated,c,sys ≤ 50W : SAN spurious emission limit of -13 dBm
- When Prated,c,sys > 50W : SAN spurious emission limit of 10*log(Prated,c,sys[W])-30 dBm
Alternatively, these two conditions can be written as:
- When Prated,c,sys ≤ 47dBm : SAN spurious emission limit of -13 dBm
- When Prated,c,sys > 47dBm : SAN spurious emission limit of Prated,c,sys[dBm]-60 dBm

Conclusion
Proposal 1: Agree with the following SAN spurious emission limit requirements (updated from Option 2 (see R4-2207456)):
Table 1. 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

	30 MHz – 5th harmonic
(NOTE 2, 4, 5) 



	When Prated,c,sys ≤ 47dBm :
-13
When Prated,c,sys > 47dBm :
Prated,c,sys-60
( NOTE 3)
	4 kHz
(NOTE 1)



	See NOTES 1, 2, 3, 4 ,5 

	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. Applies only for the fundamental frequency range 600 MHz - 5.2 GHz (e.g. for n255 and n256 frequency bands).
NOTE 3: 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.

	



