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Introduction
[bookmark: _Hlk91172414]The NTN WI ([1]) has been approved in RAN#88e meeting to specify requirements for the support of NTN. It has been revised in last RAN#94-e meeting [2].
In last RAN4#102-e meeting, many SAN RF requirements have been agreed and captured in TS 38.108. Nevertheless, some open issues are remaining, those are further discussed in this contribution
Discussion 
Background
In last RAN4#102-e meeting, the “WF on SAN SEM and spurious emission” ([3]) was agreed. This WF has captured the different options discussed in that meeting, without reaching any agreement on the limits to be added to TS 38.108.
Spurious emission
Background
In last RAN4 meeting, despite this topic was discussed before and agreement was reached for several meetings, some companies challenged this agreement arguing it was not aligned with ITU Radio Regulations Annex 3, nor SM.329. 
After further checking, it was indeed confirmed the measurement bandwidth was not correct and 4 kHz should be considered instead for all frequency ranges. Nevertheless, it was not possible to agree on the exact limit and the applicable frequency range for those limits.
We made the following proposal:
	Spurious frequency range
	Basic limit GEO class (dBm)
	Basic limit LEO class (dBm)
	Measurement bandwidth

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



While Thales made the following one:
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.




Spurious limits
According to SM.329 and ERC 74-01 (which refers to Radio Regulation Annex 3), the spurious limit (table 2) for space stations should be: 43 + 10 Log P or 60 dBc, whichever is less stringent.
In absolute level, this would be equivalent to: 
	-13 dBm 	if P ≤ 50 W
	10 Log P – 30	if P ≥ 50 W
The SAN output power levels, could be:
· From 44 (5 MHz channel BW) up to 51 dBm (20 MHz channel BW) for GEO SAN.
· From 40 (5 MHz channel BW) up to 47 dBm (20 MHz channel BW) for LEO600 SAN.
· From 46 (5 MHz channel BW) up to 53 dBm (20 MHz channel BW) for LEO1200 SAN.

Observation1: SAN output power level could exceed 50 W depending on SAN class and considered channel bandwidth.

Based on this observation, it would not be possible to specify SAN spurious based on a unique absolute value. We would propose to specify the SAN spurious limit according the following:
-13 dBm 	if Prated,t,TABC ≤ 50 W
	10 Log P – 30	if Prated,t,TABC ≥ 50 W

Applicable frequency range and reference bandwidth
Applicable frequency range
First, it should be noted that the second proposal above is confusing and seems not correct: the range 1508-1569 MHz is claimed to be covered by the satellite band n255 and its OBUE but this range is still in spurious domain for band n256. Similarly, frequency range 2160-2210 MHz is in spurious domain for band n255.
Then, based on the above observations, it seems there is some misunderstanding on how spurious requirement is specified in 3GPP RAN4. As clarified in our pCR for Tx spurious in last RAN4 meeting ([5]): the transmitter spurious emission limits shall apply from 9 kHz to 12.75 GHz, 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.
This is also illustrated in Figure 1.
[image: ]
[bookmark: _Ref99651094]Figure 1: Spurious and OBUE domains
This means that, even if the spurious requirement mentions a spurious frequency range from 9 kHz up to 12.75 MHz, for a specific band, the limit is not applicable inside a frequency range that goes from the (lower band edge minus ΔfOBUE ) up to the (higher band edge plus ΔfOBUE).
Regarding the frequency range in which the spurious emission should be applicable, ERC 74-01 and SM.329 both recommend that the spurious domain emission limits for radio equipment are considered here to be applicable for the range 9 kHz to 300 GHz. However, Table 1 (in both ERC 74-01 and SM.329) gives further recommendation for the frequency ranges of measurement, depending on the fundamenetal frequency range. For  bands n255 and n256, based on this table, the spurious emission should then be specified from 30 MHz up to the 5th harmonic, i.e. up to 11 GHz. 
To avoid possibly updating this 11GHz upper limit when introducing new NTN bands in the future, and to align with TS 38.104, we propose to specify the spurious limit up to 12.75 GHz.
Reference bandwidth
As stated in ERC 74-01 and SM.329, for the reference bandwidth of all space services spurious domain emissions should be 4 kHz.
Proposal 
Proposal1: The SAN spurious requirement should be specified according to the following Table 1:
	Spurious frequency range
	Prated,c,sys(W)
	Basic limit (dBm)
	Measurement bandwidth

	30 MHz – 12.75 GHz
	≤ 50 W
		-13 		
	4 kHz

	
	> 50 W
	10 Log(Prated,c,sys(W)) – 30	
	


[bookmark: _Ref99651133]Table 1: SAN spurious requirement
OBUE
Background
In last RAN4#102-e meeting, the WF ([3]) captured the following 2 options, not precluding any other proposal.
· Option 1 (ZTE): 
Table x.x-1. SAN GEO Class OBUE limit values
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
dBm

	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.002 MHz  f_offset < 5.002 MHz
	

	4kHz

	5 MHz  f <
min(10 MHz, fmax)
	5.002 MHz  f_offset <
min(10.002 MHz, f_offsetmax)
	1 dBm

	4kHz

	10 MHz  f  fmax
	10.002 MHz  f_offset < f_offsetmax
	-9dBm
	4kHz



Table x.x-2. SAN LEO Class OBUE basic limits
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
dBm
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.002 MHz  f_offset < 5.002 MHz
	

	4kHz

	5 MHz  f <
min(10 MHz, fmax)
	5.002 MHz  f_offset <
min(10.002 MHz, f_offsetmax)
	-13
	4kHz

	10 MHz  f  fmax
	10.002 MHz  f_offset < f_offsetmax
	-13
	4kHz



· Option 2 (THALES):
The SAN OBUE requirements for GEO and LEO classes are defined as described in Table x.x.-1 and Table x.x.-2.
· Table x.x-1. SAN GEO Class OBUE limit values
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
dBm

	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.002 MHz  f_offset < 5.002 MHz
	
	4kHz

	5 MHz  f <
min(10 MHz, fmax)
	5.002 MHz  f_offset <
min(10.002 MHz, f_offsetmax)
	1 dBm

	4kHz

	10 MHz  f  fmax
	10.002 MHz  f_offset < f_offsetmax
	Not applicable for B<100 MHz
	4kHz




Table x.x-2. SAN LEO Class OBUE basic limits
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
dBm
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.002 MHz  f_offset < 5.002 MHz
	
	4kHz

	5 MHz  f <
min(10 MHz, fmax)
	5.002 MHz  f_offset <
min(10.002 MHz, f_offsetmax)
	-5 dBm

	4kHz

	10 MHz  f  fmax
	10.002 MHz  f_offset < f_offsetmax
	Not applicable for B<100 MHz
	4kHz



Proposal
From the 2 options discussed in last meeting, it seems to be common understanding that: 
· A single set of limits should be defined for 5, 10, 15 and 20 MHz channel bandwidth.
· The mask should only extend to 10 MHz outside the carrier edge. It should be noted here that this point is where the spurious domain starts for a 5 MHz carrier and where the spurious limit shall then apply. 
· From the carrier edge, the mask will be specified with 2 segments of 5 MHz each: a first one from 0 to 5 MHz and a second one from 5 to 10 MHz. 
· The mask will be defined using 4 kHz measurement bandwidth (this will be aligned with the spurious limit).
This would be also our preference to define the SAN OBUE for each SAN class.
Starting with a 5 MHz channel bandwidth signal, the following Table 2 gives the maximum output power,  ACLR and the corresponding basic limit for the adjacent channel (5 to 10 MHz).

	SAN
	Maximum output power for 5 MHz channel BW
	ACLR
	Basic limit for the 5 – 10 MHz range

	GEO class
	44.5 dBm
	14
	30.5 dBm / 4.5 MHz
or
0 dBm / 4kHz

	LEO1200 
	46.5 dBm
	24
	22.5 dBm / 4.5 MHz
or
-8 dBm / 4kHz

	LEO600 
	40.5 dBm

	24
	16.5 dBm / 4.5 MHz
or
-14 dBm / 4kHz


[bookmark: _Ref99651211]Table 2: SAN max output power, ACLR and OBUE basic limit
Similar to LTE or NR, the emissions measured in 4 kHz will have variations over the adjacent channels for different reasons such as varying RB allocations [4]. The emissions will also have a “slope” from the band edge down to the point where they reach a “floor” of emissions of wideband character. The emission limit should therefore have a slope and be relaxed compared to the ACLR limit in the first adjacent channel. Following a similar rationale used for LTE/NR OBUE mask, the proposal is to have a linear slope, starting ~7 dB above the ACLR level, i.e. at 7 dBm / 4 kHz for GEO,  -1 dBm / 4 kHz for LEO1200 and -7 dBm / 4 kHz for LEO600.
Finally, as mentioned before, the last step (above 10MHz) should be aligned with the spurious emissions limits.
For the 10, 15 and 20 MHz channel bandwidths, the whole mask range of 0-10MHz will fall in the first adjacent channel. Assuming the SAN power level is linearly increasing with the considered channel bandwidth, the 0 (GEO) / -8 (LEO1200) / -14dBm (LEO600) dBm limit will provide a similar relaxation than for 5 MHz channel bandwidth, since emissions are over a wider bandwidth. 
If RAN4 would like to keep one unique class for LEO, including LEO600 and LEO1200, then RAN4 should select the most stringent limits from both LEO types, i.e. LEO600. 
Nevertheless, as satelite companies were concerned that the OBUE requirement would be too stringent for LEO1200 type of satellite, we would propose introducing an offset value (ΔLEOType) which would depend on the type of LEO satellite, LEO600 (ΔLEOType = 0dBm) or LEO1200 (ΔLEOType = 6dBm):

Proposal2: The SAN GEO and LEO OBUE masks should be specified according to the following Table 3 and Table 4:
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits

	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.002 MHz  f_offset < 5.002 MHz
	
	4kHz

	5 MHz  f <
min(10 MHz, fmax)
	5.002 MHz  f_offset <
min(10.002 MHz, f_offsetmax)
	0 dBm

	4kHz

	10 MHz  f  fmax
	10.002 MHz  f_offset < f_offsetmax
	Aligned with SAN spurious limit
	4kHz


[bookmark: _Ref99651277]Table 3: SAN GEO Class OBUE basic limits

	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.002 MHz  f_offset < 5.002 MHz
	
	4kHz

	5 MHz  f <
min(10 MHz, fmax)
	5.002 MHz  f_offset <
min(10.002 MHz, f_offsetmax)
	-14 dBm 

	4kHz

	10 MHz  f  fmax
	10.002 MHz  f_offset < f_offsetmax
	Aligned with SAN spurious limit
	4kHz

	NOTE: 	ΔLEOType = 0dBm for LEO 600 km satellite and 6dBm for LEO 1200 km satellite


[bookmark: _Ref99651280]Table 4: SAN LEO/LEO600 OBUE basic limits
Absolute ACLR
In last RAN4#102-e meeting, it was suggested via a TP to TR to not specify any absolute ACLR requirement. As this was never been discussed before and no clear proposal was ever made on this topic, this was not accepted and RAN4 still need to conclude on this topic as well.
The absolute ACLR limit would only be applicable for SAN supporting a lower output power, i.e. for 5 MHz channel bandwidth deployment. Based on this observation, the absolute ACLR limit should then be equal to -13 dBm/4 kHz.  
Nevertheless, it would also be acceptable to not specify any absolute ACLR requirement: the SAN output power level for the channel supported channel bandwidth(s) should always be as high as possible to guarantee satellite coverage.
Proposal3: The absolute ACLR requirement for SAN might not be needed but if RAN4 decides to specify SAN absolute ACLR, it should be equal to -13 dBm / 4 kHz.

Conclusion
In this contribution, we discussed the remaining open issues for TS 38.108 specifications. We made the following observations and proposals:
Observation1: SAN output power level could exceed 50 W depending on SAN class and considered channel bandwidth.
Proposal1: The SAN spurious requirement should be specified according to the following table:
	Spurious frequency range
	Prated,c,sys(W)
	Basic limit (dBm)
	Measurement bandwidth

	30 MHz – 12.75 GHz
	≤ 50 W
		-13 		
	4 kHz

	
	> 50 W
	10 Log(Prated,c,sys(W)) – 30	
	



Proposal2: The SAN GEO and LEO OBUE masks should be specified according to the following tables:
SAN GEO Class - OBUE basic limits
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits

	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.002 MHz  f_offset < 5.002 MHz
	
	4kHz

	5 MHz  f <
min(10 MHz, fmax)
	5.002 MHz  f_offset <
min(10.002 MHz, f_offsetmax)
	0 dBm

	4kHz

	10 MHz  f  fmax
	10.002 MHz  f_offset < f_offsetmax
	Aligned with SAN spurious limit
	4kHz



SAN LEO Class - OBUE basic limits
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.002 MHz  f_offset < 5.002 MHz
	
	4kHz

	5 MHz  f <
min(10 MHz, fmax)
	5.002 MHz  f_offset <
min(10.002 MHz, f_offsetmax)
	-14 dBm 

	4kHz

	10 MHz  f  fmax
	10.002 MHz  f_offset < f_offsetmax
	Aligned with SAN spurious limit
	4kHz

	NOTE: 	ΔLEOType = 0dBm for LEO 600 km satellite and 6dBm for LEO 1200 km satellite



Proposal3: The absolute ACLR requirement for SAN might not be needed but, if RAN4 decides to specify SAN absolute ACLR, it should be equal to -13 dBm / 4 kHz.
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