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1. Introduction
In RAN4#106 and 106-bis meeting, WFs [1, 3] on NTN enhancements SAN RF requirement were agreed. Some remaining issues in WF need further discussion in next meeting.
This contribution provides our views on remaining issues for SAN RF requirements for above 10GHz bands.
2. Discussion
OTA reference sensitivity level
As per the WF [1], the remaining open issues concerning OTA Reference sensitivity level for SAN type 2-O are shown as below:
	Issue 2-3-2: SAN OTA Rx Requirements
· Agreement:
	OTA Rx requirement
	Applicability notes

	OTA Reference sensitivity level
	While the overall requirement framework can be reused from the BS type 2-O in TS 38.104, the range of EIS values applicable to the NTN SAN deployment in FR2 requires further study.







It is agreed to reuse same approach for BS type 2-O from TN. EISREFSENS levels are derived from a single declared basis level EISREFSENS_50M, which is based on a reference measurement channel with 50 MHz SAN channel bandwidth. Referring to TR 38.817-2, EISREFSENS_50M can be calculated by the following,
EISREFSENS_50M = -174dBm+10*log10(BW) +IM+SNR+NF –G_Rx                                                                  (Equation 1)
Where,
            BW = 66*12*60*1000.
            IM =2.
            SNR=-1.1dB.
           NF and G for Ka-band NTN are discussed in the following.
So, using above parameters, equation 1 can be expressed as the following equation 2.
EISREFSENS_50M = -96.33dBm +NF –G_Rx                                                                                                          (Equation 2)
Referrng to our contribution[4],  we think that 7dB NF NF for GEO, LEO 600 and LE1200 for Ka-band is more reasonable.
Proposal 1:  Adopt NF in Table 2-1 for calculating Ka-band OTA REFSENS range.
Table 2-1: NTN NF for Ka-band 
	Satellite
	GEO
	LEO 600
	LEO 1200

	NF (dB) (30GHz)
	[7]
	[7]
	[7]



Referring to Set-1 satellite parameters for system level simulator calibration in Table 6.1.1.1-1 of TS38.821 as below:
Table 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m
	0.33 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi



Referring to Set-1 satellite parameters for system level simulator calibration in Table 6.1.1.1-2 of TS38.821 as below:
Table 6.1.1.1-2: Set-2 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	1.33 m
	0.13 m
	0.13 m

	G/T
	
	20 dB K-1
	5 dB K-1
	5 dB K-1

	Satellite Rx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	NOTE 1:	This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2:	This beam size refers to the Nadir pointing of the satellite 
NOTE 3:	All these satellite parameters are applied per beam.
NOTE 4:	The EIRP density values are considered identical for all frequency re-use factor options.



The typical Satellite Rx max Gains range for GEO, LEO-1200, and LEO-600 are 50.5-58.5dBi, 30.5-38.5dBi, and 30.5-38.5dBi, respectively. Considering 10dB extension for above them, so the possible Satellite Rx max Gains range for GEO, LEO-1200, and LEO-600 are 40.5-68.5dBi, 20.5-48.5dBi, and 20.5-48.5dBi, respectively. Considering 3dB off peak margin, the G_Rx assumption for calculating Ka-band OTA REFSENS range for GEO, LEO-1200, and LEO-600 are 37.5-65.5dBi, 17.5-45.5dBi, and 17.5-45.5dBi, respectively as shown in Table 2-2.
Proposal 2: Adopt G_Rx assumption in Table 2-2 for calculating Ka-band OTA REFSENS range.
Table 2-2: G_Rx assumption for calculating Ka-band OTA REFSENS range
	Satellite
	GEO
	LEO 600
	LEO 1200

	G_Rx (dBi)
	[37.5-65.5]
	[17.5-45.5]
	[17.5-45.5]



Using NF proposed in Table 2-1 and G_Rx proposed in Table 2-2 and equation 2, the OTA reference sensitivity level for Ka-band for EISREFSENS_50M declaratiion can be claculated as following:
OTA reference sensitivity level for Ka-band for EISREFSENS_50M declaration is:
[bookmark: _Hlk508468660]-	1 dB step within the range [-126 to -155] dBm dB for GEO
-	1 dB step within the range [-106 to -135] dBm for LEO 600
-	1 dB step within the range [-106 to -135] dBm dB for LEO 1200
Proposal 3: OTA reference sensitivity level for Ka-band for EISREFSENS_50M declaration is:
-	1 dB step within the range [-126 to -155] dBm dB for GEO
-	1 dB step within the range [-106 to -135] dBm for LEO 600
-	1 dB step within the range [-106 to -135] dBm dB for LEO 1200

OTA out-of-band blocking
As per the WF [3], the remaining open issues concerning OTA out-of-band blocking for SAN type 2-O are shown as below:
	Out-of-band blocking
Way Forward
· FFS how to specify OOB and ΔfOOB. 




In RAN4#106 meeting [2], the NR operating bands in Ka-band are agreed as below:
	NTN operating band
	UL
Earth-to-Space
	DL
Space-to-Earth

	n5121
	27.5 - 30.0 GHz
	17.3 - 20.2 GHz

	n5112
	28.35 - 30.0 GHz
	17.3 - 20.2 GHz

	n5103
	27.5 - 28.35 GHz
	17.3 - 20.2 GHz


For above n512, 511, and n510 band, their FUL_high – FUL_low is less than 4000MHz, and their UL frequency range is in FR2-1 for BS type 2-O in TS 38.104, so as shown in Table 2-3, the ΔfOOB =1500MHz for FR2-1 in TS 38.104 can be reused for SAN type 2-O in Ka-band. 
Proposal 4: Adopt ΔfOOB offset in Table 2-3 for satellite operating bands in Ka-band.
Table 2-3: ΔfOOB offset for satellite operating bands in Ka-band
	SAN type
	Operating band characteristics (MHz)
	ΔfOOB (MHz)

	SAN type 2-O
	FUL_high – FUL_low ≤ 4000
	1500




In TS 38.108, the -44 dBm was specified as interfering signal mean power (dBm)  for FR1 conducted out-of-band blocking, and 0.0029 V/m was specified as interfering signal RMS field-strength (V/m) for FR1 OTA out-of-band blocking. Referring to TR38.863, the aggressors are SpaceOps (Space Operations) TC (TeleCommand) stations on ground with band between 2025 and 2110.  The -44 dBm and 0.0029 V/m are derived from the worst case that SpaceOps TC station is at satellite Nadir (ground). For a LEO satellite at 600 km (LEO@600km), the free space losses between LEO@600km and SpaceOps TC station are 154 dB, and the Satellite Rx max Gain of LEO@600km is assumed as 30dBi, In TR 38.863, the maximum EIRPs of SpaceOps TC stations are 80dBW, we think that it is typo and should be 80dBm. So interfering signal mean power (dBm) received by LEO@600km is calculated as 80dBm-154dB+30dBi = -44dBm, the interfering signal RMS field-strength (V/m) is calculated as following.

For Ka-band of NTN, if SpaceOps TC stations within Ka-band are aggressors to Ka-band SAN, the maximum EIRP of Ka-band SpaceOps TC stations can be assumed as [60dBm], which refers to 4dBW/MHz with 200MHz CBW for LEO@600km in Ka-band to meet same distance transmission for Ka-band SpaceOps TC stations. So the interfering signal RMS field-strength (V/m) for Ka-band is calculated as following.

Referring to OTA out-of-band blocking for FR2-1 in TS 38.104, the 0.0029 V/m can be reused for 30 to 12750 MHz since the FR1 Ka-band SpaceOps TC stations is also existing as aggressor to Ka-band SAN. And the 0.00029 V/m can be used for 12750 to FUL,low – 1500, and FUL,high + 1500 to 2nd harmonic of the upper frequency edge of the operating band. So the OTA out-of-band blocking performance requirement for Ka-band is shown in Table 2-4.
Proposal 5: Adopt OTA out-of-band blocking performance requirement in Table 2-4 for Ka-band.
Table 2-4: OTA out-of-band blocking performance requirement for Ka-band
	Frequency range of interfering signal
(MHz)
	Wanted signal mean power
(dBm)
	Interferer RMS field-strength
(V/m)
	Type of .interfering signal

	30 to 12750
	EISREFSENS + 6 dB
	0.0029
	CW

	12750 to FUL,low – 1500
	EISREFSENS + 6 dB
	[0.00029]
	CW

	FUL,high + 1500 to 2nd harmonic of the upper frequency edge of the operating band
	EISREFSENS + 6 dB
	[0.00029]
	CW




3. Conclusion
This contribution provides our general consideration on SAN RF requirement for above 10GHz bands. The following observations and proposals are concluded as follows:
Proposal 1:  Adopt NF in Table 2-1 for calculating Ka-band OTA REFSENS range.
Table 2-1: NTN NF for Ka-band  
	Satellite
	GEO
	LEO 600
	LEO 1200

	NF (dB) (30GHz)
	[7]
	[7]
	[7]



Proposal 2: Adopt G_Rx assumption in Table 2-2 for calculating Ka-band OTA REFSENS range.
Table 2-2: G_Rx assumption for calculating Ka-band OTA REFSENS range
	Satellite
	GEO
	LEO 600
	LEO 1200

	G_Rx (dBi)
	[37.5-65.5]
	[17.5-45.5]
	[17.5-45.5]



Proposal 3: OTA reference sensitivity level for Ka-band for EISREFSENS_50M declaration is:
-	1 dB step within the range [-126 to -155] dBm dB for GEO
-	1 dB step within the range [-106 to -135] dBm for LEO 600
-	1 dB step within the range [-106 to -135] dBm dB for LEO 1200
Proposal 4: Adopt ΔfOOB offset in Table 2-3 for satellite operating bands in Ka-band.
Table 2-3: ΔfOOB offset for satellite operating bands in Ka-band
	SAN type
	Operating band characteristics (MHz)
	ΔfOOB (MHz)

	SAN type 2-O
	FUL_high – FUL_low ≤ 4000
	1500



Proposal 5: Adopt OTA out-of-band blocking performance requirement in Table 2-4 for Ka-band.
Table 2-4: OTA out-of-band blocking performance requirement for Ka-band
	Frequency range of interfering signal
(MHz)
	Wanted signal mean power
(dBm)
	Interferer RMS field-strength
(V/m)
	Type of .interfering signal

	30 to 12750
	EISREFSENS + 6 dB
	0.0029
	CW

	12750 to FUL,low – 1500
	EISREFSENS + 6 dB
	[0.00029]
	CW

	FUL,high + 1500 to 2nd harmonic of the upper frequency edge of the operating band
	EISREFSENS + 6 dB
	[0.00029]
	CW
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