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1 Introduction
In last RAN4#109 meeting, the drafting of NTN-FR2 UE specifications made little progress, many issues remained open. One of those issues is related to the NTN VSAT spurious requirements and their specification. 
This contribution is discussing this aspect, focusing on band n512 and proposing a way forward to progress on spurious requirements drafting.
2 Discussion
CEPT and ETSI
Background
CEPT has published ERC 74-01 ([1]) which is a CEPT Recommendation on unwanted emissions in the spurious domain. This document is an important reference to the ETSI Harmonized Standards which are supposed to be compliant with this Recommendation.
In the scope of the NTN enhancement WI and the specification of NTN band n512, ETSI has published several Harmonized Standards which should be used as input for 3GPP:
· EN 303 978 ([2]): covering requirements for ESOMP in the 27.5 - 30.0 GHz.
· EN 301 360 ([3]): covering requirements for terminals in the 29.5 – 30.0 GHz (GSO satellite).
· EN 301 459 ([4]): covering requirements for terminals in the 27.5 – 29.5 GHz (GSO satellite).
General
Most of the spurious limits are specified in dBpW in both CEPT and ETSI documents. We propose to convert those limits in dBm (=dBpW – 90) as this is a unit which is more used in RAN4. 
Off-axis spurious
The off-axis spurious are requirements applicable for all off-axis angles greater than 7°. 
The requirements are depending on the VSAT radio states, if the VSAT is transmitting or not.
2.2.2.1	ERC 74-01
To our understanding, ERC 74-01 ([1]) only specifies requirements for this off-axis case (table 10, note 3). 
Also, in transmission state, there are exceptions (table 10, note 4ter) depending on where in the band the VSAT is transmitting.
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In teh following subsections, for each EN, we are comparing the Off-axis spurious requirements with ERC 74-01 ([1]) which is supposed to be the input from CEPT Administrations for all ENs. 

2.2.2.2	EN 303 978 (mobile VSAT)
EN 303 978 ([2]) specifies the following off-axis spurious requirements:
[image: ]
[image: ]
[image: ]
Comparing to ERC 74-01 ([1]), we noticed the following:
· The frequency range 1.0-2.0 GHz has been added comparing to ERC 74-01. As the limit for that range is more stringent than the one for 1.0-3.4 GHz in ERC 74-01, this is not an issue.
· The measurement bandwidth for the ”normal” requirements (not the exceptions) is 1 MHz in this EN, while it’s 100 kHz in ERC 74-01. The EIRP limits have been scaled accordingly. With this larger measurement bandwidth, those requirements are slightly relaxed comparing ERC 74-01.
· In transmission state, the exceptions (85 dBpW) have been generalized to the all band, not considering the specific frequency range where each exception is applicable (ERC 74-01, table 10, note 4ter). The requirements have then been relaxed, allowing exceptions for the all band while it should have been done for part of the band only. 
· In transmission state, the limit of 85 dBpW has been specified for the frequency range 29.5-30.0 GHz while, according the ERC 74-01, table 10, note 4ter, there is no limit set for that frequency range. 
2.2.2.3	EN 301 360 (fixed VSAT operating in 29.5 – 30.0 GHz, GSO satellite)
EN 301 360 ([3]) specifies the following off-axis spurious requirements:
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Comparing to ERC 74-01 ([1]), we noticed the following:
· The frequency range 1.0-2.0 GHz has been added comparing to ERC 74-01. As the limit for that range is more stringent than the one for 1.0-3.4 GHz in ERC 74-01, this is not an issue.
· The spurious requirements are specified up to 40.0 GHz only while, according to ERC-74-01 table 1, they should be specified up to the 2nd harmonic, i.e. 60 GHz for the Ka-band.
2.2.2.4	EN 301 459 (fixed VSAT operating in 27.5 – 29.5 GHz, GSO satellite)
EN 301 459 ([4]) specifies the following off-axis spurious requirements:
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Comparing to ERC 74-01 ([1]), we noticed the following:
· The frequency range 1.0-2.0 GHz has been added comparing to ERC 74-01. As the limit for that range is more stringent than the one for 1.0-3.4 GHz in ERC 74-01, this is not an issue.
· The spurious requirements are specified up to 40.0 GHz only while, according to ERC-74-01 table 1, they should be specified up to the 2nd harmonic, i.e. 60 GHz for the Ka-band.
Conclusion
Based on the previous observations, trying to comply with ERC 74-01 (with priority) and ETSI Harmonized Standards, we would propose the following:
[bookmark: _Hlk159164827]Proposal1: Specify NTN VSAT Off-axis requirements for band n512 according to the following:
· Convert dBpW values in dBm (=dBpW – 90)
· Consider the same Off-axis spurious requirements for both fixed and mobile VSAT.
· Keep the frequency range 1.0-2.0 GHz (ETSI Harmonized Standards).
· Consider 100 kHz measurement bandwidth for the ”normal” limits (ERC 74-01, EN 301 360 and EN 301 459)
· Consider the 85 dBpW exceptions for the relevant frequency range (as specified in ERC 74-01, EN 301 360 and EN 301 459).

Based on this proposal, the following On-axis spurious requirement should then be specified, see ([5]).
Table: Radiated field strength limits at 10m 
	Frequency range
	EIRP Limit
	Measurement bandwidth

	30 MHz - 230 MHz
	30 dBμV/m
	120 kHz

	230 MHz - 1000 MHz
	37 dBμV/m
	120 kHz



Table: Off-axis spurious limits in “Emissions disabled” state
	Frequency range
	EIRP Limit
	Measurement bandwidth

	1.0 GHz – 2.0 GHz
	42 dBpW
	100 kHz

	2.0 GHz – 10.7 GHz
	48 dBpW
	100 kHz

	10.7 GHz – 21.2 GHz
	54 dBpW
	100 kHz

	21.2 GHz – 60.0 GHz
	60 dBpW
	100 kHz



Table: Off-axis spurious limits in “Carrier-on” and “Carrier-off” states
	Frequency range
	EIRP Limit
	Measurement bandwidth

	1.00 GHz – 3.40 GHz
	49 dBpW
	100 kHz

	3.40 GHz – 10.70 GHz
	55 dBpW
	100 kHz

	10.70 GHz – 21.20 GHz
	61 dBpW
	100 kHz

	21.20 GHz – 27.35 GHz
	67 dBpW
	100 kHz

	27.35 GHz – 27.50 GHz
	85 dBpW (note 1)
	1 MHz

	
	67 dBpW (note 2)
	100 kHz

	27.50 GHz – 29.35 GHz
	85 dBpW (note 1)
	1 MHz

	
	67 dBpW (note 2)
	100 kHz

	29.35 GHz – 29.50 GHz
	85 dBpW
	1 MHz

	30.00 GHz – 30.15 GHz
	85 dBpW
	1 MHz

	30.15 GHz – 60.00 GHz
	67 dBpW
	100 kHz

	Note 1: For fixed VSAT transmitting in the frequency range 29.5 – 30.0 GHz
Note 2: For fixed VSAT transmitting in the frequency range 27.5 – 29.5 GHz




If RAN4 would like to simplify the limits table in ”Carrier-on” and ”Carrier-off” states, following alternative could also be considered:
Table: Off-axis spurious limits in “Carrier-on” and “Carrier-off” states
	Frequency range
	EIRP Limit
	Measurement bandwidth

	1.00 GHz – 3.40 GHz
	49 dBpW
	100 kHz

	3.40 GHz – 10.70 GHz
	55 dBpW
	100 kHz

	10.70 GHz – 21.20 GHz
	61 dBpW
	100 kHz

	21.20 GHz – 29.35 GHz
	67 dBpW
	100 kHz

	29.35 GHz – 29.50 GHz
	85 dBpW
	1 MHz

	30.00 GHz – 30.15 GHz
	85 dBpW
	1 MHz

	30.15 GHz – 60.00 GHz
	67 dBpW
	100 kHz



Observation1: Based on the above proposal1, the off-axis spurious requirement in “Carrier-on” and “Carrier-off” states might be further simplified not considering the exceptions for certain frequency range. 

On-axis spurious
According to the ETSI Harmonized Standards, the on-axis spurious requirement is only specified for the frequency range of the considered band. For example, looking at EN 303 978, note 2 of sub-clause 4.2.2.2.1 (”carrier-on” state): [image: ]
And in sub-clause 4.2.2.2.2 (”Carrier-off” and ”Emissions disabled” states):
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In the 3GPP context, the EN On-axis spurious requirement should be considered as a SEM requirement and a spurious requirement.
Observation2: The On-axis spurious requirements are specified in a similar way in EN 301 978, EN 301 360 and EN 301 459.
Proposal2: Specify the NTN VSAT On-axis spurious requirements for band n512 for both mobile VSAT and fixed VSAT based on EN 303 0978.



2. Conclusion
In this contribution, we discussed the NTN VSAT spurious requirement and analyzed existing Regulations and published Harmonized standards. We made the following proposals:
Proposal1: Specify NTN VSAT Off-axis requirements for band n512 according to the following:
· Convert dBpW values in dBm (=dBpW – 90)
· Consider the same Off-axis spurious requirements for both fixed and mobile VSAT.
· Keep the frequency range 1.0-2.0 GHz (ETSI Harmonized Standards).
· Consider 100 kHz measurement bandwidth for the ”normal” limits (ERC 74-01, EN 301 360 and EN 301 459)
· Consider the 85 dBpW exceptions for the relevant frequency range (as specified in ERC 74-01, EN 301 360 and EN 301 459).

Observation1: Based on the above proposal1, the off-axis spurious requirement in “Carrier-on” and “Carrier-off” states might be further simplified not considering the exceptions for certain frequency range. 
Observation2: The On-axis spurious requirements are specified in a similar way in EN 301 978, EN 301 360 and EN 301 459.
Proposal2: Specify the NTN VSAT On-axis spurious requirements for band n512 for both mobile VSAT and fixed VSAT based on EN 303 0978.

Our companion draft CR ([5]) is based on these proposals 
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Note 3: As a special case, the limits for VSAT, SNG or transporiable fixed Earth Stations are expressed in terms of e.i.rp. for off-
‘axis angles greater than 7-.
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Note 4ter: As an exception to note 4, an e.i.p. imit of S5ABPWIT MHE applies in the frequency bands 2835 GHz 10 20.50 GHz and
30.00 GHz to 30.15 GHz for Satelite Terminal (ST)isansmitting within the frequency band 29.5-30 Gz, and i the fiequencyl
bands 27.35 GHz to 20.50 GHz and 30.00 GHz to 30.15 Gz for ST transmiting within the frequency band 27.5-28.5 GHz. Ths
Timit may be exceeded in a frequency band which shal not exceed 50 Mz, centred on the camer frequency, provided #at the
on-axis eirp. density measured in 100 kHz at the frequency of the considered spurious is 50 dB below the maximum on-axis
e.irp. density of the signal measured in 100 kHz. This limit may not apply in frequency bands exclusively designated to FSS in
regions where those bands have been adopted. For STs operafing in these bands, no e irp. lmit is set in the frequency band
29.50 GHz to 30.00 GHz.
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Table 2: Limits of radiated field strength at a test distance of 10 m in a 120 kHz bandwidth

Frequency range Quasi-peak limits
30 MHz to 230 MHz 30 dBuV/m
230 MHz to 1 000 MHz 37 dBuV/m
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Table 3: Limits of spurious EIRP - "Emissions disabled” radio state

Frequency band EIRP limit Measurement bandwidth
1,0 GHz to 2,0 GHz 52 dBpW 1 MHz
2,0 GHzto 10,7 GHz 58 dBpW 1 MHz
10,7 GHz to 21,2 GHz 64 dBpW 1 MHz
21,2 GHz to 60,0 GHz 70 dBpW 1 MHz
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Table 4: Limits of spurious EIRP - "Carrier-on™ and "Carrier-off” radio states

Frequency band EIRP limit Measurement bandwidth

1,0 GHzt0 2,0 GHz 53 dBpW 1 MHz
2,0 GHz to 3.4 GHz 59 dBpW 1 MHz
3.4 GHz to 10,7 GHz 65 dBpW 1 MHz
10.7 GHz to 21,2 GHz 71 dBpW 1 MHz
21,2 GHz to 27,35 GHz 77 dBpW 1 MHz
27,35 GHz t0 27,50 GHz 85 dBpW 1 MHz
27,50 GHz to 30,00 GHz 85 dBpW 1 MHz
30,00 GHz to 31,00 GHz 85 dBpW 1 MHz
31,00 GHz t0 31,15 GHz 85 dBpW 1 MHz
31,15 GHz to 60,0 GHz 77 dBpW 1 MHz
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Table 2: Limits of radiated field strength at a test distance of 10 m in a 120 kHz bandwidth

Frequency range Quasi-peak limits
30 MHz to 230 MHz 30 dBpV/m
230 MHz to 1 000 MHz 37 dBpV/m
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Table 2: Limits of spurious radiation - "Emissions disabled" radio state

Frequency band e.i.r.p. limit
1.0 GHz to 2,0 GHz 42 dBpW
2,0 GHzt0 10,7 GHz 48 dBpW
10,7 GHz to 21,2 GHz 54 dBpW
21,2 GHz to 40 GHz 60 dBpW
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Table 3: Limits of spurious radiation - "Carrier-on" and "Carrier-off" radio states

Frequency band e.i.r.p. limit (dBpW) Measurement
bandwidth

1.0 GHz to 2,0 GHz 43 100 kHz
2,0GHzto 34 GHz 49 100 kHz
3.4 GHz to 10,7 GHz 55 100 kHz
10,7 GHz to 21,2 GHz 61 100 kHz

21,2 GHz to 27,35 GHz 67 100 kHz
27,35 GHz to 27,50 GHz 85 (see note 1) 1 MHz
27,50 GHz to 29,50 GHz 85 (see notes 1 and 2) 1 MHz
30,00 GHz to 30,15 GHz 85 (see note 1) 1 MHz

30,15 GHz t0 40,00 GHz 67 100 kHz

NOTE 1:

This limit may be exceeded in a frequency band which shall not exceed 50 MHz,

centred on the carrier frequency, provided that the on-axis e.i.r.p. density measured in
100 kHz at the frequency of the considered spurious is 50 dB below the maximum
on-axis e.i.r.p. density of the signal measured in 100 kHz.

NOTE 2: This limit may not apply in frequency bands exclusively designated to FSS in regions
where those bands have been adopted.
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Table 2a: Limits of radiated field strength at a test distance
of 10 m in a 120 kHz bandwidth

Frequency range Quasi-peak limits
30 MHz to 230 MHz 30 dBpV/m
230 MHz to 1 000 MHz 37 dBpV/m
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Table 2b: Limits of spurious radiation - "Emissions disabled" radio state

Frequency band . . limit
1,0 GHzto 2,0 GHz 42 dBpW
2,0 GHzto 10,7 GHz 48 dBpW
10,7 GHz to 21,2 GHz 54 dBpW
21,2 GHz to 40 GHz 60 dBpW
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Table 3: Limits of spurious radiation - "Carrier-on" and "Carrier-off" radio states

Frequency band EIRP limit Measurement bandwidth
1,0 GHz t0 2,0 GHz 43 dBpW 100 kHz
2,0 GHz to 3.4 GHz 49 dBpW 100 kHz
3.4 GHz to 10,7 GHz 55 dBpW 100 kHz
10.7 GHz to 21,2 GHz 61 dBpW 100 kHz
21,2 GHz to 29,35 GHz 67 dBpW 100 kHz
29,35 GHz to 29,5 GHz 85 dBpW (see note) 1 MHz
30,00 GHz to 30,15 GHz 85 dBpW (see note) 1 MHz
30,15 GHz to 40 GHz 67 dBpW 100 kHz

NOTE:

This limit may be exceeded in a frequency band which shall not exceed 50 MHz, centred on the

carrier frequency, provided that the on-axis e.i.

p. density measured in 100 kHz at the frequency of

the considered spurious is 50 dB below the maximum on-axis e.i.r.p. density of the signal measured

in 100 kHz.
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NOTE 1: The on-axis spurious radiations, outside the 27.5 GHz to 30.0 GHz band. are limited by clause 4.2.1.2.
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In the 27.5 GHz to 30.0 GHz band the EIRP spectral density of the spurious radiation outside the nominated bandwidth
shall not exceed -11 dBW in any 1 MHz band.
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The above limit may be exceeded in a bandwidth of 5 times the occupied bandwidth centred on the carrier centre
frequency. in which case the EIRP spectral density of the spurious radiation outside the nominated bandwidth. shall not
exceed 28 - K dBW in any 1 MHz band. At the network level. the higher limit shall not be exceeded for more than

0.01 % of the time.




