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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 OBUE SAN in the approved Way Forward on SAN SEM and spurious emission (R4-2207456), with the following options:
· 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



· Option 3: Other solutions are not precluded.

Discussion
As a general information, the general principle is to follow ITU-R recommendation SM.1541-6 (Unwanted emissions in the out-of-band domain) at least for the frequency offset range within first two break points, with the measurement bandwidth of 4kHz.
To define the OBUE limits, the noise floor has to be defined taking into account the in-band EVM required value of 17.5% for QPSK, corresponding to a Modulation Error Ratio (MER) or equivalent Signal-to-Noise Ratio (SNR):
-20×log10(EVM[%]/100)=15.14 dB.
The OBUE and EVM are applicable to Satellite Access Node (SAN) transmitter. Moreover, EVM includes the Thermal noise of the feederlink (in reception), other kind of potential interference, the Inter-Modulation (IM) noise of the power amplifiers, inter-symbol interference, phase noise, in-band spurious emission generated by SAN. 
The thermal noise has low impact in the out-of-band domain. The out-of-band main contribution therefore comes mainly from the Inter-Modulation (IM) noise, and therefore the other sources are neglected. Please also note that EIRP values correspond to the point of operation providing the required EVM.
The simulation considers 30 MHz of bandwidth (see maximum available bandwidth for MSS S-band n256 and MSS L-band n255) since it is the worst case for OBUE.
Table 1. System Parameters used for Evaluation of OBUE SAN
	Parameter
	Unit
	GEO
	LEO@600
	Comments

	EIRP density
	(dBW/MHz)
	59
	34
	As in TR 38.863

	Bandwidth
	(MHz)
	30
	30
	Worst case (see explanation below and Figures 1 and 2)

	Antenna gain
	(dBi)
	51,0
	30,0
	As in TR 38.863

	Carrier frequency f0
	(MHz)
	2185
	2185
	MSS S-Band n256

	SNR (equivalent to Modulation Error Ratio)
	(dB)
	15,14
	15,14
	Corresponding to EVM =17,5%
using -20×log10(EVM[%]/100) equation

	Measurement band
	(kHz)
	4,0
	4,0
	As per ITU-R recommendation SM.1541-6

	Output power density
	(dBm/4kHz)
	14,02
	10,02
	EIRP density – antenna gain + 10×log10(4kHz/1MHz) + 30

	Margin
	dB
	2
	2
	For the computation of In-band and Out-of-band noise density

	In-band noise density - equivalent to 1st point derivation at 2170 MHz
	(dBm/4kHz)
	-1,12+2 ≈1
	-5,12+2 ≈-3
	Output power density – SNR + Margin

	Out-of-band noise density (at ΔF = ± 5 MHz) - equivalent to 2nd point derivation at 2165 MHz
	(dBm/4kHz)
	-5,0+2 ≈-3
	-9,0+2 ≈-7
	Based on simulations using non-linear satellite power amplifier characteristics + Margin



The OBUE basic limits are given with 2 dB margin with respect to above computation, and therefore the out-of-band limit becomes -3dBm/4kHz for GEO and -7dBm/4kHz for LEO@600km.
Out-of-band noise is mainly produced by intermodulation noise generated by the power amplifiers and weakly filtered by the output filter in the region close to the bandwidth. The intermodulation noise is simulated considering the power amplifier non-linear responses (in Amplitude and Phase) and filling the bandwidth with a Gaussian signal to emulate OFDM multi-carrier operation.
The Figure 1 below represents the simulated output spectrum and the proposed limits for the case of LEO 600km satellite.
[image: ]
Figure 1. Output Spectrum for different BandWidths using OFDM signal with transponder optimised for QPSK modulation
In Figure 1 and further in Figure 2, we represent the spectrum of a 30MHz signal, in blue, and the spectrum of a 5MHz signal, in orange. Please note that the specified EIRP density, expressed in dBW/MHz, applies to all channel bandwidths. Therefore, the worst case will be the widest channel (since in TR 38.863 we consider the same spectral density in dBW/MHz independently of the BandWidth). The red lines from Figure 1 and Figure 2 represent the proposed limits given in Table 2 for LEO (and Table 1 for GEO) represented below. 
Moreover, simulations provided in Figure 2 for with transponder optimised for 64QAM modulation clearly show that the OBUE limit from Figure 1 configuration (with lower order modulation) is also applicable for Figure 2 configuration (with higher order modulation), because of the transponder optimisation. The two configurations with 1) QPSK (Figure 1) and 2) 64QAM (Figure 2) are covering all the range of MCS as defined in TS 38.108 and therefore 16QAM configuration is not presented.
[image: ]
Figure 2. Output Spectrum for different BandWidths using OFDM signal with transponder optimised for 64QAM modulation
Moreover, with respect to LEO 600 km class, 20×log10(A/600) is used to scale the OBUE values for different LEO altitudes. The scaling factor ensures that the on-ground received flux density from SAN will be the same independently of the SAN altitude.
ACLR is defined as the ratio of power in the useful BW and noise power on adjacent BW integrated over the channel BW. On the other hand, OBUE are discrete spurious emissions measured in 4 kHz. 
The OBUE mask permits to consider spurious emissions higher than the local average noise density. 
General observation: The OBUE mask requirement (and the mathematical operation of integration of the OBUE mask) does not reflect the ACLR performance, and should not consider ACLR requirement in the definition or computation of OBUE. For this reason, it is important to emphasize that respecting the OBUE mask will not guarantee/imply the ACLR requirements. ACLR is an independent requirement and shall be considered separate from OBUE.
The SAN OBUE requirements for GEO and LEO classes are defined as described in Table 1 and Table 2 below.

Table 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 
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)
	-3 dBm
 
	4kHz

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



Table 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 
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)
	

(Note 1)
	4kHz

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

	Note 1: A is the distance from the SAN to the Earth at SAN nadir direction. For example, A=600 for LEO@600km and A=1200 for LEO@1200km.



Conclusion
Proposal 1: Agree with the following OBUE SAN requirements (updated from Option 2 (see R4-2207456) based on EVM requirements):
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 
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)
	-3 dBm
 
	4kHz

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



Proposal 2: Agree with the following OBUE SAN requirements (updated from Option 2 (see R4-2207456) based on EVM requirements):
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 
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)
	

(Note 1)
	4kHz

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

	Note 1: A is the distance from the SAN to the Earth at SAN nadir direction. For example, A=600 for LEO@600km and A=1200 for LEO@1200km.
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