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Introduction
In RAN#92e meeting, the work item [RP-221819] on NR NTN (Non-Terrestrial Networks) enhancements was approved as one of Rel-18 RAN1/2/3 package. In this contribution, we want to share some further views on the SAN RF requirements for NTN in Ka-band.
The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.
· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
[bookmark: OLE_LINK13][bookmark: OLE_LINK10][bookmark: OLE_LINK14][bookmark: OLE_LINK20]Discussion  
2.1. NTN SAN type and SAN class
In last RAN4 meeting, there were some further discussions on NTN SAN type and whether we need to define the conductive requirement for Ka-band. First of all, we want to clarify the motivation of defining OTA requirement only for TN FR2 BS in past. If there are any accessible connectors between antenna array and transceiver units, then the high insertion loss of connectors will result in the reduce output power and its corresponding coverage performance. Especially considering the limited output power of FR2 BS, then it was agreed to define the BS type 2-O only in FR2 TN network. After the initial check for antenna gain and EIRP density for LEO-1200km and LEO-600km SAN as following, it seem that EIRP level of LEO-1200km and LEO-600km is similar as FR2 WA BS with 30dB TRP and antenna array gain 28dBi assuming 8x16 antenna array. In other words, the impact on LEO SAN output power due to the insertion loss should be similar as that on TN FR2 WA BS, the impacts on its coverage needs further evaluations since NTN UE could be equipped with much large antenna array than handheld UE in FR2 TN network.
For LEO SAN:
· LEO-600km SAN EIRP =10*log10(4*10^3)+10*log10(100)=56dBm
· LEO-1200km SAN EIRP =10*log10(10*10^3)+10*log10(100)=60dBm

For GEO SAN: 
· GEO SAN EIRP =10*log10(40*10^3)+10*log10(100)=66dBm

· Agreement: Introduce Type 2-O radiated requirements and FFS for conductive requirements for Ka band/above 10GHz.
Proposal 1: if the conductive requirements to be defined for Ka-band NTN SAN, the impact of insertion loss and link budget should be further clarified.
Table 2.1-1: Set-1 satellite parameters for system level simulation
	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 DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz ? or 50dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg
	1.7647 deg

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	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

	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.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.



Note: Satellite Tx max Gain is aligned with antenna aperture, however the EIRP (40dBW/MHz)is not aligned with antenna aperture, more clarification are needed.

2.2. NTN SAN RF requirements
Table 2.2-1. Summary of related RF requirement
	Tx requirements
	Applicability notes

	[bookmark: _Toc24574]SAN output power 
	up to the declaration and no need to define any requirements

	[bookmark: _Toc22538]Output power dynamics
	

	RE power control dynamic range

	N/A

	Total power dynamic range
	This could bed defined similar as FR2 NR BS.

	Transmit ON/OFF power
	N/A since the Ka-band is FDD band.

	Transmitted signal quality
		

	Frequency error

	to reuse the same requirement defined in TS 38.108

	Modulation quality

	to reuse the same requirement defined in TS 38.104. For DL 256QAM and 64QAM, this need more discussion similar as Rel-17 NR over NTN (e.g. link budget or achieved DL SINR).

	Time alignment error
	this is not applicable for NTN SAN since its channel characteristic is difficult to support the MIMO which is similar as Rel-17 NR over NTN.

	Unwanted emissions
	

	Occupied bandwidth

	to reuse the same requirement defined in TS38.108 which is following ITU-R Recommendation SM.328.

	Adjacent Channel Leakage Power Ratio
	this depends on the outcome of coexistence study.

	Operating band unwanted emissions

	this depends on the outcome of coexistence study if needed and ITU recommendation SM.1541-6 .
[image: ]
Further study for FSS if the corresponding FSS spectrum could be included.
[image: ]

	Transmitter spurious emissions

	to reuse the same spurious emission requirement defined in TS 38.108, however the upper frequency limit for DL need to be updated as 2nd harmonic instead of 5th harmonic to follow the principle defined in ITU-R SM.329
[image: ]

	Transmitter intermodulation
	Not applicable since it’s supposed to have no surrounding interfering gNB next to gNB

	Rx requirement
	

	Reference sensitivity level
	Declaration basis according to the noise figure of SAN, antenna array configuration, the target SNR, FRC.
The existing FRC for TN BS in FR2 could be reused if system parameter in other agenda is agreeable.
It should be noted that antenna array between transmitter and receiver could be different which are different from the legacy TN BS.

	Dynamic range 
	more evaluation results for IoT level in the uplink are needed similar as Rel-17 NR over NTN..

	ACS
	This depends on the outcome of coexistence study.

	In-band blocking
	This depends on the outcome of coexistence study.

	Out of band blocking
	to start with OOBB power level as -44dBm and this should be changed to V/m in the OTA chamber.  

	Receiver spurious emission
	Not applicable for FDD band operation

	Receiver intermodulation
	Not applicable since it’s supposed to have no surrounding interfering gNB next to gNB which is similar as transmitter intermodulation requirements,

	In-channel selectivity
	more evaluation results for IoT level in the uplink are needed similar as Rel-17 NR over NTN.



Conclusions
In this contribution, we want to share some further views on NTN SAN RF requirements.and proposals are made as following:
Proposal 1: if the conductive requirements to be defined for Ka-band NTN SAN, the impact of insertion loss and link budget should be further clarified.
Proposal 2: to define SAN RF requirement for NTN in Ka-band as proposed in table 2.2-1.
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3 00B masks for mobile-satellite service (MSS) earth and space stations

‘The masks contained in Recommendation ITU-R M.1480 can be used for mobile carth stations of
geostationary-satellite orbit (GSO) MSS systems implementing the GMPCS memorandum of
understanding in parts of the frequency band 1-3 GHz.

The masks contained in Recommendation ITU-R M.1343, representing non-GSO mobile earth
stations in the band 1-3 GHz can form one input for the mobile earth station data.

For earth stations not covered in the above-mentioned Recommendations and for all space stations,
the following generic OoB mask, considered as an upper bound for MSS systems, is to be used:

Attenuation of OoB emissions in the reference bandwidth of 4 kHz for MSS systems below 15 GHz
(otherwise in reference bandwidth of 1 MHz for MSS systems above 15 GHz) is:
F
40log | —+1 dBsd
¢ (so ]
where F is the frequency offset from the edge of the total assigned band, expressed as a percentage

of necessary bandwidth, which will range from 0% to the spurious boundary (which is usually 200%).

The above-proposed mask may not be applicable in detailed examination of adjacent band
compatibility.
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2 (00B masks for fixed-satellite service (FSS) earth and space stations

The OoB domain emissions of a station operating in the bands allocated to the FSS should be
attenuated below the maximum psd, in a reference bandwidth of 4 kHz (for systems operating above
15 GHz a reference bandwidth of 1 MHz may be used in place of 4 kHz) within the necessary
bandwidth, by the following:

40[03(£+l] dBsd
50

where Fis the frequency offset from the edge of the total assigned band, expressed as a percentage
of necessary bandwidth. It is noted that the OoB emission domain starts at the edges of the total
assigned band.
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Frequency range for measurement of unwanted emissions.
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