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Introduction
[bookmark: _Toc493127338]
The objective of this document is to establish working assumption for the scenarios and use cases to be considered by NTN RAN4 work for the definition of the generic and core requirements for NTN-NR.
RP-202120 was discussed at plenary meeting RAN#89-e, and the 3th proposal is:
“Proposal 3: The proponents of a RAN4 led “satellite” band specific WI are expected to reference all the relevant sources (including but are not limited to ITU-R Radio Regulations, relevant national regulations, pre-existing Harmonized Standards developed for example in ETSI, coexistence studies approved by regulatory bodies and/or 3GPP specifications) and contribute to the definition of the requirements that should be met. Moreover they shall clarify the use case scenarios and architectures (e.g. orbit, altitude, type of UE, duplex mode, channel bandwidth, SCS...) provided that the use case scenarios and architectures are within the scope of WID “NR-NTN-solutions” in order to define the requirements.”
In order to further clarify use cases to be taken into account for KPI and RAN4 core requirements definition, we therefore want to clarify SCS parameters and frequency bandwidths to be considered, together with some other essential parameters. Moreover, use cases and satellite deployments scenarios to be considered by RAN4 need to be further clarified.

Use case scenarios and architectures

The objective of this section is to recall deployment scenarios and NTN essential system characteristics such as e.g. orbit, altitude, type of UE, duplex mode, channel bandwidth, SCS...) and show the relationship with TR 38.821.

Possible parameters and use cases to be considered by for NR based Satellite networks 
In NTN scenarios, and with respect to the MSS S-band proposed during RAN4#97-e as an exemplary frequency band in FR1, the NR frequency channel bandwidth can be 5, 10, 15, 20, MHz for Frequency Range FR1, as shown in Table 1.
Furthermore, a channel bandwidth is associated with various RF Requirements (e.g. out-of-band emission) which may reduce the system frequency bandwidth, with guard band ratio from 20% to 2% in FR1.

[bookmark: _Ref47368770]Table 1 All potentially supported FR1 NR NTN carrier bandwidths and transmission bandwidth configurations for max 30 MHz bandwidth
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz

	15
	25 RBs
	52 RBs
	79 RBs
	106 RBs
	133 RBs
	160 RBs

	
	4.50 MHz
	9.36 MHz
	14.22 MHz
	19.08 MHz
	23.94 MHz
	28.8 MHz

	
	242,5 kHz Minimum Guard Band 
	312,5 kHz Minimum Guard Band  
	382,5 kHz Minimum Guard Band
	452,5 kHz Minimum Guard Band  
	522,5 kHz Minimum Guard Band 
	592,5 kHz Minimum Guard Band 

	30
	11 RBs
	24 RBs
	38 RBs
	51 RBs
	65 RBs
	78 RBs

	
	3.96 MHz
	8.64 MHz
	13.68 MHz
	18.36 MHz
	23.40 MHz
	28.08 MHz

	
	505 kHz Minimum Guard Band  
	665 kHz Minimum Guard Band 
	645 kHz Minimum Guard Band 
	805 kHz Minimum Guard Band 
	785 KHz Minimum Guard Band 
	945 kHz Minimum Guard Band

	60
	N/A
	11 RBs
	18 RBs
	24 RBs
	31 RBs
	38 RBs

	
	N/A
	7.92 MHz
	12.96 MHz
	17.28 MHz
	22.32 MHz
	27.36 MHz

	
	N/A
	1010 kHz Minimum Guard Band 
	990 kHz Minimum Guard Band
	1330 kHz Minimum Guard Band 
	1310 kHz Minimum Guard Band 
	1290 kHz Minimum Guard Band 




Proposal 1: Consider SCS 15 & 30 kHz for FR1 exemplary band for RAN4 work.

Considering the supported NR NTN carrier bandwidths, and depending on the available system frequency bandwidth, RAN4 needs to identify selected scenarios for Fractional Frequency Reuse (FRF) Schemes. 
From RAN1 work it seems that solutions with frequency reuse > 1 will be assumed in Rel-17.
Proposal 2: Consider frequency reuse schemes with frequency reuse > 1 for RAN4 work.

Moreover, currently frequency band n65 considers several restrictions in terms of BandWidth configurations (with respect to potential BW configuration per FR1), as presented in Table 2.

Table 2 Supported FR1 NR NTN carrier bandwidths and transmission bandwidth configuration for frequency band n65
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	15
	25 RBs
	52 RBs
	79 RBs
	106 RBs

	
	4.50 MHz
	9.36 MHz
	14.22 MHz
	19.08 MHz

	
	242,5 kHz Minimum Guard Band 
	312,5 kHz Minimum Guard Band  
	382,5 kHz Minimum Guard Band
	452,5 kHz Minimum Guard Band  

	30
	-
	24 RBs
	38 RBs
	51 RBs

	
	-
	8.64 MHz
	13.68 MHz
	18.36 MHz

	
	-  
	665 kHz Minimum Guard Band 
	645 kHz Minimum Guard Band 
	805 kHz Minimum Guard Band 

	60
	-
	11 RBs
	18 RBs
	24 RBs

	
	-
	7.92 MHz
	12.96 MHz
	17.28 MHz

	
	-
	1010 kHz Minimum Guard Band 
	990 kHz Minimum Guard Band
	1330 kHz Minimum Guard Band 



Proposal 3: Consider exemplary frequency bandwidths of 5, 10, 15, 20 MHz for FR1 RAN4 work.

Considering the supported NR NTN carrier bandwidths, and depending on the available system frequency bandwidth, RAN4 needs to identify coexistence scenarios.
Proposal 4: RAN4 needs to identify coexistence scenarios in adjacent bands.

Moreover, the reference scenarios from TR 38.821 can be down-selected to those from Table 3 below. 
Table 3 Reference satellite scenarios for Rel-17 work item “NR_NTN_solutions”
	Scenarios
	C1.1
	C2.1
	A1

	Orbit
	LEO @ 600 km altitude
	LEO @ 600 km altitude
	GEO @ 35,786 km altitude

	Frequency band
	FR1
	FR1
	FR1

	Beams generation
	Earth fixed beams (Note 1)
	Earth moving beams
	Earth fixed beams




Proposal 5: For exemplary band S, RAN4 should consider scenarios C1.1, C2.1 (LEO Earth Fixed Beams and Earth Moving Beams) and A1 (GEO).
Table x Reference satellite scenarios for Rel-17 work item “NR_NTN_solutions”
	Scenarios
	C1.1
	C2.1
	A1

	Orbit
	LEO @ 600 km altitude
	LEO @ 600 km altitude
	GEO @ 35,786 km altitude

	Frequency band
	FR1
	FR1
	FR1

	Beams generation
	Earth fixed beams 
	Earth moving beams
	Earth fixed beams



Table 4: Reference scenario parameters
	Scenarios
	GEO based non-terrestrial access network (Scenario A)
	LEO based non-terrestrial access network (Scenario C)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given Earth point 
	circular orbiting around the Earth

	Altitude
	35,786 km
	600 km


	Spectrum (service link)
	FR1 (e.g. S band)
FR2 (TBD) 

	Max channel bandwidth capability (service link)
	30 MHz for FR1
400 MHz for FR2 (TBD)

	Payload
	Scenario A: Transparent (including radio frequency function only)
	Scenario C: Transparent (including radio frequency function only)

	Inter-Satellite link
	No
	No

	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see Note 1
Scenario C2: No (the beams move with the satellite)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
	Scenario C: (transparent payload: service and feeder links)
25.77 ms (600km)


	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms for  600km

	Max Doppler shift (Earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)


	Max Doppler shift variation (Earth fixed user equipment)
	0.000045 ppm/s 
	0.27 ppm/s (600km)


	Maximum Delay variation as seen by the UE (Note 7)
	Negligible
	Up to +/- 48 µs/sec (600 km)


	Service link
	3GPP defined New Radio

	Note 1:	Each satellite has the capability to steer beams towards fixed points on Earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite, from the point of view of the ground cell.
Note 2:	Max delay variation within a beam (Earth fixed user equipment) is calculated based on minimum elevation angle for both gateway and user equipment.
Note 3:	Max differential delay within a beam is calculated based on maximum beam foot print diameter at nadir.
Note 4:	Speed of light used for delay calculation is 299792458 m/s.
Note 5:   The maximum beam foot print size for GEO is based on current state of the art GEO high throughput systems, assuming beam edge at low elevation.
Note 6:   The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It does not preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.
Note 7:	The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario.




The NTN study results apply to GEO scenarios as well as all NGSO scenarios with circular orbit at altitude greater than or equal to 600 km.

User Equipment
The User Equipment considered for the key reference scenario parameters can be found in Table 5 of this document.
Table 5 Reference satellite scenarios: User equipment types
	User equipment characteristics
	Handheld
	VSAT (Note 1)

	Antenna type
	Omnidirectional antenna
	Directive antenna (up to 60 cm equivalent aperture diameter)

	Motion on the Earth
	500 km/h (e.g. on board a high speed train)
	Up to 1200 km/h (e.g. aircraft mounted)

	Antenna polarisation
	Linear: +/-45°X-pol
	Circular

	Max transmit power
	up to 200 mW (UE power class 3)

	up to 20 W

	Note 1: VSAT terminal characteristics could be implemented with phased array antenna. It may be used for ESIM (Earth Station in Motion) to be mounted on Moving platforms (e.g., aircrafts, vessels) or building



Proposal 6: RAN4 should consider the following UE key reference scenario parameters:
Table y Reference satellite scenarios: User equipment types
	User equipment characteristics
	Handheld
	VSAT (Note 1)

	Antenna type
	Omnidirectional antenna
	Directive antenna (up to 60 cm equivalent aperture diameter)

	Motion on the Earth
	500 km/h (e.g. on board a high speed train)
	Up to 1200 km/h (e.g. aircraft mounted)

	Antenna polarisation
	Linear: +/-45°X-pol
	Circular

	Max transmit power
	up to 200 mW (UE power class 3)

	up to 20 W

	Note 1: VSAT terminal characteristics could be implemented with phased array antenna. It may be used for ESIM (Earth Station in Motion) to be mounted on Moving platforms (e.g., aircrafts, vessels) or building



UEs with GNSS capabilities are assumed in RAN1, and hence UEs may have the capability to determine their own position. Thanks to these capabilities, UEs may (or may not) pre-compensate timing and frequency offset.
However, both UE with and without the capability for pre-compensation of timing and frequency offset should be supported. The reasons are that processing capabilities (such as NR UE processing) and/or service availability (such as 5GC available services) may differ or may be decoupled.
Proposal 7: UE with GNSS capabilities are assumed for RAN4 work.
Proposal 8: UE with/without capability for timing and/or frequency pre-compensation should be supported in NTN WI and further considered by RAN4.
Proposal 9: RAN4 should follow RAN1 outcomes for the synchronization solutions to be considered.
Satellite Parameters
In TR 38.821, see clause 6 for satellite parameters.
The following tables representing two sets of satellite parameters are considered as the baseline for system level simulator calibration in TR 38.821, and can be further considered by RAN4 work:
Table 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-600

	Satellite altitude
	35786 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	250 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m

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

	Satellite Rx max Gain
	
	51 dBi
	30 dBi

	Note 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811.
Note 2: This beam size refers to the Nadir pointing of the satellite 



Table 6.1.1.1-2: Set-2 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-600

	Satellite altitude
	35786 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	12 m
	1 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg

	Satellite beam diameter (Note 2)
	
	450 km
	90 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band
(i.e. 2 GHz)
	12 m
	1 m

	G/T
	
	14 dB K-1
	-4.9 dB K-1

	Satellite Rx max Gain
	
	45.5 dBi
	24 dBi

	Note 1:	This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811.
Note 2:	This beam size refers to the Nadir pointing of the satellite 



Proposal 10: RAN4 should use TR 38.821 assumptions for satellite parameters.

Conclusions
Proposal 1: Consider SCS 15 & 30 kHz for FR1 exemplary band for RAN4 work.
Proposal 2: Consider frequency reuse schemes with frequency reuse > 1 for RAN4 work.
Proposal 3: Consider exemplary frequency bandwidths of 5, 10, 15, 20 MHz for FR1 RAN4 work.
Proposal 4: RAN4 needs to identify coexistence scenarios in adjacent bands.
Proposal 5: For exemplary band S, RAN4 should consider scenarios C1.1, C2.1 (LEO Earth Fixed Beams and Earth Moving Beams) and A1 (GEO).
Table x Reference satellite scenarios for Rel-17 work item “NR_NTN_solutions”
	Scenarios
	C1.1
	C2.1
	A1

	Orbit
	LEO @ 600 km altitude
	LEO @ 600 km altitude
	GEO @ 35,786 km altitude

	Frequency band
	FR1
	FR1
	FR1

	Beams generation
	Earth fixed beams 
	Earth moving beams
	Earth fixed beams



Proposal 6: RAN4 should consider the following UE key reference scenario parameters:
Table y Reference satellite scenarios: User equipment types
	User equipment characteristics
	Handheld
	VSAT (Note 1)

	Antenna type
	Omnidirectional antenna
	Directive antenna (up to 60 cm equivalent aperture diameter)

	Motion on the Earth
	500 km/h (e.g. on board a high speed train)
	Up to 1200 km/h (e.g. aircraft mounted)

	Antenna polarisation
	Linear: +/-45°X-pol
	Circular

	Max transmit power
	up to 200 mW (UE power class 3)

	up to 20 W

	Note 1: VSAT terminal characteristics could be implemented with phased array antenna. It may be used for ESIM (Earth Station in Motion) to be mounted on Moving platforms (e.g., aircrafts, vessels) or building



Proposal 7: UE with GNSS capabilities are assumed for RAN4 work. 
Proposal 8: UE with/without capability for timing and/or frequency pre-compensation should be supported in NTN WI and further considered by RAN4.
Proposal 9: RAN4 should follow RAN1 outcomes for the synchronization solutions to be considered.
Proposal 10: RAN4 should use TR 38.821 assumptions for satellite parameters.
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