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Introduction

In the last RAN4 meeting, there were extensive discussion on NTN SAN OBUE requirements and transmitter spurious emission requirements, however due to the limited time and contributions on this issue, no consensus has been reached in last RAN4 meeting. In this contribution, we want to share some further analysis on this topics.
Discussion 
Firstly, since for OBUE and spurious emission requirement, the total mean power for wanted signal is pre-requisite for other requirements, therefore based on the simulation assumption for NTN coexistence inherited from TR 38.811.
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions

	Satellite EIRP density
	2GHz
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite max TX power in dBm
	BW (MHz)
	
	5
	10
	15
	20
	5
	10
	15
	20
	5
	10
	15
	20

	
	SCS 15kHz
	
	44.53
	47.71
	49.53
	50.81
	46.53
	49.71
	51.53
	52.81
	40.53
	43.71
	45.53
	46.81

	
	SCS 30kHz
	
	43.98
	47.37
	49.36
	50.64
	45.98
	49.37
	51.36
	52.64
	39.98
	43.37
	45.36
	46.64

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Channel bandwidth
	
	5/10/15/20MHz
	5/10/15/20MHz
	5/10/15/20MHz

	3dB beamwidth or HPBW (Half-Power BandWidth) of main central beam
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	ABS (Adjacent Beam Spacing) of adjacent beams from the central beam
	
	0.3474 deg
	3.8206 deg
	3.8206 deg

	Satellite beam diameter
	
	250 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	G/T
	2 GHz
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi


Based on the above tables, the total mean power for 20MHz could be summarized as following:

Observation 1: the total mean power for GEO, LEO-1200 and LEO-600 are summarized as following:
	
	GEO
	LEO-1200
	LEO-600

	Total mean power in dBm in 5MHz
	45.0=

=59-51+10*LOG10(5)+30 
	47.0=

40-30+10*LOG10(5)+30 
	41.0=

34-30+10*LOG10(5)+30 

	Total mean power in dBW in 5MHz
	15.0 
	17.0 
	11.0

	Note: 50W=17dBW for spurious emission 


2.1. OBUE fore SAN
In the last RAN4 meeting, it was agreed to use the scaling factor according to SAN ACLR requirement 24dBc, 
Specify satellite access node OBUE based on TN BS OBUE/TN MSR BC1 OBUE and scaling according to ACLR.
Based on the legacy LTE practice for BS UEM, the following factor should be at least taken into account, other factors are not precluded. 
to minimum channel bandwidth supported by SAN node is still 5MHz similar as LTE coexisting with UMTS with 5MHz adjacent carrier assumption, therefore SAN UEM requirement should be in 5MHz frequency gap;
ACLR requirement 14dBc for GEO and 24dBc for LEO-600 and LEO-1200; 
UEM could be still applicable when carriers are placed at the band edge, in other words, the frequency offset of UEM for 1st and 2nd adjacent channel should be within Foffset; 
Based on the above considerations, the following OBUE requirement for GEO, LEO-1200 and LEO-600 could be derived:

Table 1-1. 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
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	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
	-9dBm
	4kHz

	NOTE: Assuming with lowest achievable EVM for GEO without power backoff is similar as QPSK EVM requirements to derive the starting point of first slope of UEM with 2dB implementation margin.


Table 1-2. 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
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+X
	4kHz

	5 MHz ( (f <

min(10 MHz, (fmax)
	5.002 MHz ( f_offset <

min(10.002 MHz, f_offsetmax)
	-13+X
	4kHz

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

	NOTE 1: For LEO600, X is equal to 0dB and LEO1200, X is equal to min(10*log10( Prated,c,sys)+30-41 ,6);

NOTE 2: Assuming with lowest achievable EVM for LEO without power backoff is similar as 16QAM EVM requirements to derive the starting point of first slope of UEM with 2dB implementation margin.


For LEO1200, since there is no restriction or principle how to set the power for SAN at the different altitude, therefore we think that to use declared output power as one scaling factor would be better choice similar as FR2 TN BS OBUE. 

In addition, in case of too relaxed requirement specified for LEO1200 if output power is declared to too high, then we think that upper boundary of scaling factor for LEO1200 could be kept as 6dB.
Proposal 1: to define the NTN SAN transmitter UEM for LEO600 and LEO1200 as shown in Table 1-1 for GEO and Table 1-2 for LEO.
2.2. transmitter spurious emission
For the lower limit for transmitter spurious emission, from our understanding, the current TN BS lower frequency limit could be also applied. For upper frequency limit, it should be more generic and complied with ITU-R recommendation, therefore we propose to specify the NTN transmitter spurious emission requirement as following:

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, where the ΔfOBUE is defined in table 6.6.5.2.1-1. For some operating bands, the upper limit is higher than 12.75 GHz in order to comply with the 5th harmonic limit of the downlink operating band, as specified in ITU-R recommendation SM.329 [2].
Table 6.6.5.2.1-1: General BS transmitter spurious emission limits in FR1, Category A

	Spurious frequency range
	Basic limit (Note 5)
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	
	4 kHz
	Note 1, Note 4

	150 kHz – 30 MHz
	
	4 kHz
	Note 1, Note 4

	30 MHz – 1 GHz
	
	4 kHz
	Note 1

	1 GHz– 12.75 GHz
	When Prated,c,sys ≤ 50W :

-13
When Prated,c,sys > 50W :

10*log(Prated,c,sys)-30


	4 kHz
	Note 1, Note 2

	12.75 GHz – 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	4 kHz
	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.

NOTE 4:
This spurious frequency range applies only to SAN type 1-H. 

NOTE 5:
Prated,c,sys is is declared in Watts. 


Proposal 2: to define the NTN SAN transmitter spurious emission requirement as shown in Table 6.6.5.2.1-1
2.3. ΔfOBUE and ΔfOOB for NTN SAN
Until this meeting, the ΔfOBUE and ΔfOOB was not discussed yet which is essentially used to define where the frequency domain of transmitter spurious emission is applicable and where the frequency range of OOBB requirement is applicable.

Considering the limited attenuation between in-band spurious emission and out of band spurious emission for GEO and LEO and out of blocking requirement -44dBm CW signal for LEO and GEO is also much relaxed compared with TN BS OOB CW signal -15dBm, then we think that that ΔfOBUE =10dB and ΔfOOB=20MHz as baseline for S-band and L-band since its frequency spanning range of its band is also less than 100MHz. Its technical motivation is as following, for TN BS type 1-H operating on bands with its frequency spanning range less than 100MHz, the required attenuation between in-band and out of band from both transmitter side and receiver side is much more stringent than NTN SAN requirement, therefor it seems that TN BS front-end analog filter is also suitable for NTN SAN requirements,therefore ΔfOBUE =10dB and ΔfOOB=20MHz could be used baseline for NTN SAN operating at the band n256 and n255 unless there is any other concerns. 
Proposal 3: to use ΔfOBUE =10dB and ΔfOOB=20MHz as baseline for band n256 and n255 unless there is any other filtering implementation concerns. 
Conclusions
In this contribution, we want to share some further consideration for SAN OBUE and transmitter spurious emission requirement as following: 

Proposal 1: to define the NTN SAN transmitter UEM for LEO600 and LEO1200 as shown in Table 1-1 for GEO and Table 1-2 for LEO.
Proposal 2: to define the NTN SAN transmitter spurious emission requirement as shown in Table 6.6.5.2.1-1
Proposal 3: to use ΔfOBUE =10dB and ΔfOOB=20MHz as baseline for band n256 and n255 unless there is any other filtering implementation concerns. 
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