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Introduction

In the past RAN4 meeting, there were some further discussions on NTN BS Tx requirement and WF [8] was approved for further discussion. In this contribution, we want to share some further considerations on the remaining issues.
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
	51.0=

=59-51+10*LOG10(20)+30 
	53.0=

40-30+10*LOG10(20)+30 
	47.0=

34-30+10*LOG10(20)+30 

	Total mean power in dBW
	21.0 
	23.0 
	17.0 


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 24dBc for GEO, LEO-600 and LEO-1200; 
emission variations should also taken into account similar as what has been adopted for LTE BS UEM. 
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.  GEO UEM limit values
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f <

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

min(10.05 MHz, f_offsetmax)
	51dBm-24dBc-10*log10(5*10)+1dB margin=11dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	10dBm
	100 kHz 


For other types of SAN class, similar as what has been adopted where power difference should be taken into account. 
Table 2. LEO-1200 OBUE requirements
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f <

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

min(10.05 MHz, f_offsetmax)
	53dBm-24dBc-10*log10(5*10)+1dB margin=13dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	12
	100 kHz 


Table 3. LEO-600 OBUE requirements
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f <

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

min(10.05 MHz, f_offsetmax)
	47dBm-24dBc-10*log10(5*10)+1dB margin=7dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	6
	100 kHz


2.2. transmitter spurious emission
In the last RAN4 meeting, it was agreed to use the following spurious emission requirement as starting point.

	Spurious frequency range
	Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	
	1 kHz
	Note 1

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz   12.75 GHz
	43 + 10 log(P) or 60 dBc, whichever is less stringent
	1 MHz
	Note 1, Note 2

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


In fact, the basic limit is not correct since this is defined as attenuation below the power supplied to the antenna transmission line as following, however spurious emission requirement defined in RAN4 should be in absolute level, therefore in the following section, based on the the agreed principle, we derived the allowed spurious emission for GEO, LEO-1200 and LEO-600 further discussions.
	Service category in accordance
with RR Article 1,
or equipment type(1), (2)
	Attenuation (dB) below the power (W) supplied
to the antenna transmission line

	All services except those services quoted below
	43  10 log P, or 60 dBc, whichever is less stringent


GEO:
With a measured total mean power of 21.0dBW for GEO:


Attenuation relative to total mean power  43  21  64 dB


The 60 dBc is less stringent than 64 dBc, so the 60 dBc value is used.

Therefore:


Spurious domain emissions must not exceed 60 dBc in a 100 kHz reference bandwidth, or converting to an absolute level


Spurious domain emissions must not exceed 21 dBW – 60 dBc  – 39dBW in a 100 kHz reference bandwidth.

LEO-1200:
With a measured total mean power of 23.0dBW for LEO-1200:


Attenuation relative to total mean power  43  23  66 dB


The 60 dBc is less stringent than 66 dBc, so the 60 dBc value is used.

Therefore:


Spurious domain emissions must not exceed 60 dBc in a 100 kHz reference bandwidth, or converting to an absolute level


Spurious domain emissions must not exceed 23 dBW – 60 dBc  – 37dBW in a 100 kHz reference bandwidth.

LEO-600:
With a measured total mean power of 17.0dBW for LEO-600:


Attenuation relative to total mean power  43  17  60 dB


so the 60 dBc value is used.

Therefore:


Spurious domain emissions must not exceed 60 dBc in a 100 kHz reference bandwidth, or converting to an absolute level


Spurious domain emissions must not exceed 17 dBW – 60 dBc  – 43dBW in a 100 kHz reference bandwidth.

Based on the above analysis, in order to avoid the multiple spurious requirements defined for each GEO, LEO-600 and LEO-1200, we proposed to define the most stringent case for LEO-600 where the spurious emission requirement is supposed to -13dBm, therefore based on the above considerations, the we make the following proposal:

Proposal 2: to define the spurious emission requirement for GEO, LEO-600 and LEO-1200 as following:
	Spurious frequency range
	Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	
	1 kHz
	Note 1

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz   12.75 GHz
	-13dBm
	1 MHz
	Note 1, Note 2

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


Conclusions
In this contribution, we want to share some further consideration for SAN OBUE and transmitter spurious emission requirement 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
	51.0

 
	53.0 
	47.0 

	Total mean power in dBW
	21.0 
	23.0 
	17.0 


Proposal 1: to define the SAN OBUE requirement for GEO, LEO-600 and LEO-1200 as following:
Table 1. GEO UEM limit values
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f <

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

min(10.05 MHz, f_offsetmax)
	51dBm-24dBc-10*log10(5*10)+1dB margin=11dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	10dBm
	100 kHz 


Table 2. LEO-1200 OBUE requirements
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f <

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

min(10.05 MHz, f_offsetmax)
	53dBm-24dBc-10*log10(5*10)+1dB margin=13dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	12
	100 kHz 


Table 3. LEO-600 OBUE requirements
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f <

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

min(10.05 MHz, f_offsetmax)
	47dBm-24dBc-10*log10(5*10)+1dB margin=7dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	6
	100 kHz


Proposal 2: to define the spurious emission requirement for GEO, LEO-600 and LEO-1200 as following:
	Spurious frequency range
	Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	
	1 kHz
	Note 1

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz   12.75 GHz
	-13dBm
	1 MHz
	Note 1, Note 2

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