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1 Introduction

This document aims to summarize the companies’ views on :
· SLS parameters and assumptions for calibration 
· SLS parameters and assumptions for performance evaluation
· LLS parameters and assumptions
· Link budget assumptions and methodology
Companies proposals and comments already in line with the conclusions of the last e-mail discussion are not reported in the document. Potential agreements are proposed in the corresponding sub-sections of each section.
The top priority for the next meeting is to reach consensus on SLS parameters and assumptions for calibration (i.e. on the first four proposals).
The proposals updated based on offline discussions are summarized in the conclusion section.


2 Discussion on System Level Simulation assumptions.
Simulations assumptions for calibration
Frequency bands and Maximum bandwidth per beam
Note : S-band Carrier Frequency = 2 GHz for UL and DL ; K-band Carrier Frequency = 20 GHz for DL and 30 GHz for DL.
	Companies
	Proposal and observation

	Samsung
	S-Band: 10 MHz / Ka band: 100 MHz

	Ericsson
	Proposal 1	TR 38.821 should avoid referring to frequency bands but could specify generic carrier frequency values (e.g. fc = 2 GHz for below 6 GHz and fc = 20 GHz for above 6 GHz) for evaluation/calibration purposes.
•	Below 6 GHz : DL: 10 MHz / UL: 10 MHz
•	Above 6 GHz : DL: 100 MHz / UL: 100 MHz

	e-mail discussion conclusions
	Potential agreement : 400 MHz system bandwidth for Ka-band and 30 MHz for S-band should be considered for both UL and DL.
Potential agreement : The system bandwidth per beam should be adapted based on the previous agreement and the frequency factor considered.


Frequency reuse factor
	Companies
	Proposal and observation

	Huawei
	Observation 1: Full frequency reuse is adopted in NR while N-color frequency reuse is usually employed for current satellite communication.
Proposal 3: A 3-color or 4-color scheme can be considered for NTN performance evaluation.
	Frequency re-use factor
	S band: 3 or 4 for linear polarization
Ka band: 4 for linear polarization and 2 for dual circular polarization




	e-mail discussion conclusions
	Potential agreement : The system bandwidth per beam should be adapted based on the frequency factor considered.


Beam layout description
Note Tdoc R1-1907687 has been submitted in revision of R1-1907087.

	Companies
	Proposal and observation

	Huawei
	Proposal 4: A 19-beam layout with possibly different configurations should be considered for system level simulation in NTN.
	Reference satellite position
	GEO: (42157,0,0)
LEO-600: (6971,0,0)
LEO-1200: (7571,0,0)

	Beam layout
	Bore-sight points placed at the center of hexagonal cells as in Figure 1(a)




	CATT
	Proposal 2: Support hexagonal beam layout and rectangle beam layout for performance evaluation.

	Intel
	Proposal 3: 	Clarify the following details for the hexagonal beam layout for NTN evaluations
· Determination of center of cells considering curvature of earth, determination of directions of beams, relation between inter site distance and half power beamwidth of the satellite antenna
Proposal 6: Support 4-color frequency reuse with 19 cells for evaluations of NTN
· Full frequency reuse with 7 cells can be optionally considered

	ZTE
	Proposal 5: Beam layout defined with the bore-sight direction based on the UV space can be considered for NTN.
	Parameters listed in Table 10 can be considered as starting point for LEO1200 in S-band

	Samsung
	Scenario A : 57 beams, Frequency re-use factor = ¼
Scenario C2/D2 : 48 beams, Frequency re-use factor =1/4
‘Constant inter-beam distance on the ground’ can be used. c.f. ITU-R S.2361

	Ericsson
	•	1 satellite right above the center of simulation area (i.e., the center of hexagonal layout)
•	The satellite generates 19 beams
•	Each beam points to the center of a hexagon in the hexagonal layout

	ESA
	Proposal 1: As far as the beam size computation is concerned, it is recommended to compute the θ_3dB value directly from the generated radiation pattern.

	Thales (from R1-1907687)
	Proposal 1	Defining the beams bore-sight directions and the satellite location is sufficient to provide a complete description of the NTN beam layout.
Proposal 2	The beam layout definition principles based on the 3dB contour and the hexagonal mapping on UV plane should be adopted as baseline.
Proposal 3	For GEO scenarios, the beam layout should be defined based on a target service area.
Proposal 4	The beam layout definition proposal for GEO scenario presented in Table 4.1-1 should be adopted.
Proposal 5	The beam layout parameters for GEO scenarios presented in Table 4.1-2 should be considered as a starting point for calibration.
Proposal 6	Distinct beam layouts characterized by different elevation angle variation in the coverage should be considered to model accurately LEO scenarios.
Proposal 7	The beam layout definition proposal for LEO scenarios presented in Table 4.2-1 should be adopted.
Proposal 8	The beam layout parameters for LEO scenarios presented in Table 4.2-2 should be considered as a starting point for calibration.

	e-mail discussion conclusions
	Potential agreement : The beam layout is fully described by the bore-sight beam directions, the antenna beam pattern and the satellite location.
Potential agreement : The satellite location should be provided in commonly-used geocentric referential (.e.g. ECEF coordinates).
Potential agreement : The bore sight directions should be provided at least in terms of azimuth-elevation spherical coordinates (from satellite reference). The directions described in equivalent models as u-v plane coordinates can be provided as well if beneficial.
Potential agreement : Three tiers of interfering beams (.i.e. 37 satellite beams based on a hexagonal layout) should be considered as a baseline for single multi-beam satellite simulations.
Potential agreement : Additional beams can be considered for multi-satellite simulations.


Satellite characteristics
Note : Considering the satellite characteristics set (denoted as Set 1) captured in the chairman’s notes has already been agreed last meeting.
	Companies
	Proposal and observation

	Huawei
	New set of satellite characteristics provided with updated antenna diameter in Ka-band. The EIRP density and G/T values have been updated as well.

	CATT
	New set of satellite characteristics provided in Ka-band. The satellite beam diameter values have been updated. However, the equivalent satellite antenna aperture values seem to remain identical to set 1 values. The reason for this should be clarified. 

	ZTE
	Proposal 2: Update the agreed satellite parameters for set-1 by values listed in Table 3.
Proposal 4: Satellite parameters in in Table 5 can be considered as the baseline for set-2 simulation with reference constellation defined in Table 6.
	Selection on partial of beams for each satellite can be conducted as required.

	Samsung
	No preference for Set 2. However, as this a second set of parameters, it should be optional.

	ESA
	Set 1 :
Proposal 2: Due to a typo, it is recommended to amend the G/T to 1.1 dB K-1 for both LEO S-band altitude.
Proposal 3: Due to a mistake, it is recommended to amend the G/T to 28 dB K-1 for the GEO Ka-band case.
Set 2 :
Proposal 4: As far as the alternative set (i.e., Set-2) is concerned, it is recommended to adopt Table 2 and Table 3 to describe the main satellite parameters for downlink and uplink transmissions, respectively.

	e-mail discussion conclusions
	Potential agreement : The need to define an additional set of satellite parameters should be further discussed.


0. Satellite polarization configuration
	Companies
	Proposal and observation

	Samsung
	Linear Polarization

	e-mail discussion conclusions
	Potential agreement : Circular polarization should be considered for satellite antennas



UEs coverage distribution
	Companies
	Proposal and observation

	e-mail discussion conclusions
	Potential agreement : X=10 UEs per beam (with uniform distribution in all the beams) should be considered as baseline. It is up to the companies to provide additional results based on other X values.


UE configurations
	Companies
	Proposal and observation

	CATT
	VSAT characteristics are provided for Ka-band:
	Equivalent satellite antenna aperture 
	Ka-band
	0.5 m VSAT

	
	
	GEO
	LEO-1200
	LEO-600

	UE EIRP density 
	
	28 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	0.5 m VSAT

	G/T
	
	10 dB K-1




	Samsung
	VSAT Ka : •VSAT: Ka band: dish antenna with radius 0.74m, linear polarization, EIRP: 42.6 dBW, noise figure: 5dB, antenna temperature 225K , G/T 18.6 dB/K

	e-mail discussion conclusions
	Potential agreement : The UE characteristics described in the following table should be considered for calibration :
	Characteristics
	VSAT
	Handheld
	Other (Note 1)

	Frequency band
	S band
	Ka band
	S-band
	Ka band

	Antenna type and configuration
	Directional
Section 6.4.1 of TR 38.811 with 60 cm equivalent aperture diameter
	Directional
Section 6.4.1 of TR 38.811 with 60 cm equivalent aperture diameter
	1 or 2 omni directional antennas (FFS)

	Directional
(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)

	Polarisation
	circular
	circular
	Linear : +/-45°X-pol 
	Linear : +/-45°X-pol

	Rx Antenna gain 
	19.7 dBi
	39.7 dBi 
	0 dBi 
	FFS

	Antenna temperature
	150 K
	150 K
	290 K
	FFS

	Noise figure
	1.2 dB
	1.2 dB
	7 dB
	9 dB

	Note 1: Moving platforms (e.g., aircrafts, vessels), building mounted devices.





UE orientation
	Companies
	Proposal and observation

	e-mail discussion conclusions
	Potential agreement : Ideal beam tracking is assumed for both VSAT and Others UE.

	Nokia
	It is better to provide the reference for definition of “Other” UE in potential agreement, or update potential agreement to “Ideal beam tracking is assumed for non-handheld UEs”.


Hand over margin
	Companies
	Proposal and observation

	Intel
	For RSRP-based cell selection, support 0 dB handover margin for calibration, value of handover margin for performance evaluations should be reported by each company

	Nokia
	Proposal 8: Use non-zero handover margin (for example 2dB) as simulation assumption to calibration handover margin function for serving beam selection.

	e-mail discussion conclusions
	Potential agreement : 0 dB hand over margin should be considered for calibration.


UE attachment
	Companies
	Proposal and observation

	Intel
	Proposal 5: Consider RSRP-based cell selection for handheld NTN terminals and location-based cell selection for VSAT

	e-mail discussion conclusions
	Potential agreement : RSRP should be considered for UE attachment.


Metrics for calibration
	Companies
	Proposal and observation

	Samsung
	Proposal 3: The number of metrics to evaluate should be minimized to reduce efforts. Coupling loss, geometry SINR, RTT and residual Doppler shift should be regarded as mandatory metrics.

	e-mail discussion conclusions
	Potential agreement : Coupling loss and geometry should be adopted as baseline metrics for calibration. It is up to the companies to provide additional metrics.


Multi-satellite simulations :
	Companies
	Proposal and observation

	Huawei
	To reduce the simulation complexity, instead of defining a complete satellite constellation for scenarios C2 and D2, it is better to define positions for up to 7 satellites (including 2 neighboring intra-orbit satellites, 4 neighboring inter-orbit satellites and the reference satellite itself). While for scenario A, it is sufficient to give positions for up to 3 satellites (including 2 neighboring intra-orbit satellites and the reference satellite itself).
Proposal 2: Multiple satellites should be considered to study the inter-satellite interference for beams at low elevation angle.

	Nokia
	Observation 1: Satellite constellation or multiple neighbour satellites should be considered in the calibration for simulation platform in NTN. 
Proposal 1: Use inclination satellite constellation and focus on partial geographical area for simulation platform calibration and following system-level evaluation.
Complete constellation descriptions are provided for each configuration scenario.
Proposal 3: For LEO satellite, the neighbor satellites, which are visible by one UE, will be included for this UE’s performance statistics, including serving beam selection and interference statistics. 
Proposal 4: For GEO satellite, the neighbor beams, which might leak interference to one UE, will be included for this UE’s performance statistics, including serving beam selection and interference statistics.

	Intel
	Proposal 2: Support satellite constellation with one satellite for calibration and performance evaluations for NTN
o	Satellite constellation with multiple satellites is FFS

	ZTE
	Proposal 1: Basic principle on the satellite reference constellation design and beam layout should be agreed, e.g., minimum elevation angle is set to 30.
Proposal 3: Reference constellation defined in Table 4 can be considered for set-1 simulation with single or multiple satellite(s).
	Selection on partial of beams for each satellite can be conducted as required.

	Samsung
	No preferred. We should not consider multi-satellite simulations for simplicity

	e-mail discussion conclusions
	Potential agreement :The need to consider multi-satellite simulations at least for calibration should be further discussed.
Potential agreement :If multi-satellite simulations are considered, the need to define reference constellations for each configuration scenario should be further discussed.



Path loss computation for calibration
	Companies
	Proposal and observation

	Nokia
	Proposal 5: Calculate atmospheric absorption loss for calibration in Ka band but neglect it in S band with 10° as the minimal elevation angle configuration.
Proposal 6: It is recommended to consider clear sky condition as baseline in calibration and neglect the path loss due to rain and cloud attenuation.
Proposal 7: The value of amplitude index S_4 should be given in the simulation assumptions if the latitude is possible within ±20° and moreover the carrier frequency is below 6GHz.


Wrap around methodology
	Companies
	Proposal and observation

	Huawei
	Proposal 1: An extended wrap-around mechanism by adding one or several layers comprising different beam bore-sight points can be adopted for intra-satellite interference modeling.

	Intel
	Proposal 4:  Consider system level evaluations without wrap around for NTN
o	Support system level evaluations with wrap around after the details of wrap around modelling are clearly defined



General agreements
Proposal : The following tables are proposed for agreement on SLS assumptions for calibration :
· Table X.1 and X.2 define the 2 sets of satellite parameters to be considered as the baseline for SLS.
· Table X.3 defines UE characteristics to be considered as the baseline for SLS.
· Table X.4 summarizes the beam layout definition principles to be considered as the baseline for SLS.
· Table X.5 summarizes the simulation assumptions to be considered for calibration.
Table X.1 : Set-1 Satellite parameters for System Level Simulations
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	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
	2 m

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

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

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

	Satellite EIRP
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

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

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

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

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	5 m
	0.5 m
	0.5 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

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



Table X.2 : Set-2 Satellite parameters for System Level Simulations
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

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

	Satellite EIRP density
	
	TBC
	TBC
	TBC

	Satellite beam diameter (Note 2)
	
	TBC
	TBC
	TBC

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

	Satellite EIRP
	
	TBC
	TBC
	TBC

	Satellite beam diameter (Note 2)
	
	TBC
	TBC
	TBC

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band
	TBC
	TBC
	TBC

	G/T
	
	TBC
	TBC
	TBC

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	TBC
	TBC
	TBC

	G/T
	
	TBC
	TBC
	TBC

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



Table X.3 : UE characteristics for System Level Simulations
	Characteristics
	VSAT
	Handheld
	Other (Note 1)

	Frequency band
	Ka band(i.e. 20 GHz UL and 30 GHz DL)
	S band (i.e. 2 GHz)
	Ka band(i.e. 20 GHz UL and 30 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of TR 38.811 with 60 cm equivalent aperture diameter
	(1, 1, 2) with omni-directional antenna element

	Directional
(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)

	Polarisation
	circular
	Linear : +/-45°X-pol
	Linear : +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	0 dBi 
	TBC

	Antenna temperature
	150 K
	290 K
	TBC

	Noise figure
	1.2 dB
	7 dB
	9 dB

	Note 1: Moving platforms (e.g., aircrafts, vessels), building mounted devices.



Table X.4 : Beam layout definition for each configuration scenario
	Scenario
	Scenario A
	Scenario C2/D2

	Beam layout definition
	Baseline : Hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame

	Number of beams
	Baseline: 37-beam layout (i.e. 36 beams surrounding the central beam and allocated on 3 distinct “tiers”)

	UV plane illustration (extracted from [16])
	[image: ]

	UV plane convention
	U axis is collinear to Z axis in ECEF reference frame.
The straight line being orthogonal to UV plane is pointing towards the Earth centre.
UV coordinates of the nadir of the reference satellite is (0,0)
	U axis is collinear to satellite velocity vector in ECEF reference frame.
The straight line being orthogonal to UV plane is pointing towards the Earth centre.
UV coordinates of the nadir of the reference satellite is (0,0)

	Adjacent beam spacing on UV plane
	Baseline: Adjacent beam spacing computation based on 3dB beam width (HPBW) of the satellite antenna pattern :
ABS = sqrt(3) x sin(HPBW/2)

	Central beam bore sight direction definition
	Baseline: Based on service target area
	Baseline: Central beam center is considered at nadir point



Table X.5 : SLS assumptions for calibration
	[bookmark: _Hlk5815179]Configuration scenario
	A, C2 and D2

	Frequency band
	S-band (i.e. 2 GHz)  / Ka- Band (i.e. 20 GHz DL, 30 GHz UL)

	Maximum Bandwidth per beam (DL + UL)
	S-band : DL 30 MHz and UL 30 MHz
Ka-band : DL 400 MHz and UL 400 MHz
The bandwidth per beam must be adapted based on the frequency factor considered.

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	See Table X.1 and Table X.2 (optional) 

	Satellite antenna pattern
	TR 38.811v15.0.0 section 6.4.1 Bessel function

	Satellite polarization configuration
	Circular

	Beam layout definition
	See Table X.4

	Frequency re-use factor
	Base-line :
· S band : Frequency re-use factor = 4 for linear polarization ;
· Ka band: Frequency re-use factor = 4 for linear polarization and 2 for dual circular polarization ;
Additional results with other frequency re-use factor assumptions can be provided

	Deployment scenarios
	Base-line : Rural
Additional deployment scenario results can be provided

	Fast fading model
	Frequency selective channel model from TR 38.811

	Propagation conditions
	Base-line : Clear Sky

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	Base-line : X=10 UEs per beam with uniform distribution in all the beams

	UE configuration
	S-band :
· Handheld (optional for scenario A)

Ka-band :
· VSAT
· Others  (optional for scenario A)

See Table X.3

	UE orientation
	VSAT and Others : Ideal Tracking serving beam;
Handheld: Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Metrics for calibration
	Base-line : Coupling loss, Geometry

	Note 1 : Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.



Proposal : Based on the companies’ feedback, some of the beam layout parameters provided in the companies contributions (e.g. Thales contribution R1-1907687, ZTE contribution R1-1906870, …) should be endorsed as starting points for calibration and captured in the following table.
Table X.6 : Beam layout parameters 
	Scenario
	Scenario A
	Scenario C2/D2

	Carrier frequency
	TBC
	TBC

	Adjacent beam spacing on UV plane
	TBC
	TBC

	Satellite location in ECEF coordinates
	(X, Y, Z) = TBC
	(X, Y, Z) = TBC if needed
The satellite location/velocity may not be needed as long as only one satellite is considered

	Satellite normalized velocity vector in ECEF coordinates
	Not needed
	(Vx,Vy,Vz) = TBC if needed
The satellite location/velocity may not be needed as long as only one satellite is considered

	Central beam center location on ground in long lat coordinates
	TBC
	Not needed 

	Central beam bore sight direction coordinates in UV plane
	TBC
	TBC

	Gateway location in long lat coordinates
	Baseline : Same as central beam center location on ground
	Not needed

	Gateway direction coordinates in UV plane
	Baseline : Same as central beam bore sight direction coordinates in UV plane
	TBC



Proposal : The wrap around mechanism should not be considered as a baseline . It can be introduced if needed for intra-satellite interference modeling based on additional bore-sight beam directions (which in this case should be provided with the beam layouts parameters).
Proposal : The value of amplitude index S_4 used in ionospheric scintillation loss model should be given in the simulation assumptions if the UE latitude is comprised within ±20° and the carrier frequency is below 6GHz.
Simulation assumptions for performance evaluations.
Fast fading model
	Companies
	Proposal and observation

	Huawei
	Frequency selective channel model from TR 38.811v15.0.0

	CATT
	Proposal 5:  Use the LOS based channel model for performance evaluation.


Receiver type
	Companies
	Proposal and observation

	Huawei
	MMSE-IRC

	CATT
	MMSE


Reference signals configuration
	Companies
	Proposal and observation

	Huawei
		DL
	PDCCH
	2 symbols*

	
	DMRS
	Type II, 2 symbols

	
	CSI-RS
	1 port for each beam

	
	SSB
	1 SSB for each beam, per 20 ms*

	
	TRS
	2 consecutive slots per 20 ms, 1 port*

	
	PTRS
	1 port PT-RS, (L,K) = (1,4)*

	UL
	PUCCH
	2 RBs, 14 OFDM symbols*

	
	DMRS
	Type II, 2 symbols

	
	SRS
	2 symbols per 5 slots,8 RBs per symbol*

	
	PTRS
	1 port PT-RS, (L,K) = (1,4)*

	Note: Parameter value with mark * is reused from ITU self-evaluation. Reference in R1-1808073.




	CATT
	1 port CSI-RS, period=20ms


Scheduler
	Companies
	Proposal and observation

	Huawei
	PF

	CATT
	PF


Traffic model
	Companies
	Proposal and observation

	Huawei
	FTP 3 for handheld, packet size 0.5Mbytes, arrival ratio TBD;
TBD for VSAT;

	CATT
	FTP model 1


Channel estimation
	Companies
	Proposal and observation

	Huawei
	Realistic


MIMO mode
	Companies
	Proposal and observation

	Huawei
	IT-1R


CSI feedback
	Companies
	Proposal and observation

	Huawei
	Periodic


Metrics for performance evaluations.
	Companies
	Proposal and observation

	Huawei
	Baseline: UE throughput (5%, 50%, 95%)	
Optional : Packet delay

	CATT
	Baseline: UE throughput (5%, 50%, 95%)	

	Intel
	Proposal 1: At least user experienced data rate defined in TR38.913 should be considered as KPI for performance assessment of NR NTN deployments

	Nokia
	Proposal 18: UE throughput (5%, 50%, 95%) and beam throughput (5%, 50%, 95%) can be used as performance metric for throughput evaluation in NTN. 
Proposal 19: Solutions for interference mitigation can be used for throughput evaluation in NTN.


General agreements
Proposal : The following skeleton tables are proposed for agreement on SLS parameters for performance evaluation. Companies are encouraged to provide values to fill the tables for the next meeting.
Table X.7 : SLS parameters for performance evaluation
	Configuration scenario
	A, C2 and D2

	Frequency band
	Same as in Table X.5

	Maximum Bandwidth per beam (DL + UL)
	Same as in Table X.5

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	Same as in Table X.5

	Satellite antenna pattern
	Same as in Table X.5

	Satellite polarization configuration
	Same as in Table X.5

	Beam layout
	FFS

	Number of beams
	FFS

	Frequency re-use factor
	FFS

	Deployment scenarios
	Same as in Table X.5

	Fast fading model
	FFS

	Propagation conditions
	Same as in Table X.5

	UEs outdoor/indoor distribution
	Same as in Table X.5

	UEs coverage distribution
	Same as in Table X.5

	UE configuration
	Same as in Table X.5

	UE orientation
	Same as in Table X.5

	Handover Margin
	FFS

	UE attachment
	FFS

	Receiver type
	FFS

	Reference signals configuration
	See Table X.8

	Scheduler
	FFS

	Traffic model
	FFS

	Channel estimation
	FFS

	MIMO mode
	FFS

	CSI feedback
	FFS

	Metrics for performance
	Baseline: UE throughput (5%, 50%, 95%)

	Note 1 : Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.



Table X.8 : Reference signals configuration for performance evaluation
	DL
	PDCCH
	FFS

	
	DMRS
	FFS

	
	CSI-RS
	FFS

	
	SSB
	FFS

	
	TRS
	FFS

	
	PTRS
	FFS

	UL
	PUCCH
	FFS

	
	DMRS
	FFS

	
	SRS
	FFS

	
	PTRS
	FFS




3 Discussion on Link Level Simulation assumptions

Downlink synchronization
Assumptions
	Companies
	Proposal and observation

	Huawei
	Proposal 6: A maximum frequency offset value that reflects the typical NTN deployment scenarios should be determined for both regenerative and transparent cases.
Some simulation assumptions have been provided in Table 1 (R1-1905992)

	Intel
	Proposal 7: Consider pre/post compensation of Doppler shift at the transmitter/receiver of the gNB
· Values of max Doppler shift residual error due to satellite and UE mobility provided in R1-1905206

	ZTE
	Proposal 7: Simulation assumption listed in Table 9 (R1-1906870) can be considered as the baseline for DL synchronization evaluation.

	Ericsson
	Assumption 2: The simulation focuses on the service link only. The feeder link impairments are ignored.
Assumption 3: The signal received by the satellite is assumed to undergo post-compensation to correct for UL frequency shift. This correction, for example, can be performed with respect to the beam center. The signal transmitted by the satellite is assumed to undergo pre-compensation to correct for DL frequency shift. This correction, for example, can be performed with respect to the beam center.
Proposal 12	RAN1 to discuss antenna configuration assumptions.
Proposal 13	RAN1 to agree on the link level evaluation assumptions listed in Table 2 (R1-1907395).

	ESA
	Proposal 5: As far as the satellite payload impairments are concerned, it is recommended to adopt Table 4 and Table 5 (R1-1907481) for downlink and uplink transmissions, respectively.

	Nokia
	The simulation assumptions for UE capability about reference frequency with following 3 probabilities should be considered.
1. UE does not have a reference and synchronizes its frequency to observed DL SSB signal
2. UE has reference and reference is equal to DL reference
3. UE has reference but is different from DL reference
This aspect may be also important in context of PRACH transmission and UE Doppler frequency estimation. For example, a UE without reference may be required to have GPS in order to estimate the Doppler frequency offset. On the other hand, a UE with its own reference may estimate the Doppler from DL synchronization signals like the PSS/SSS and thus may not need GPS.



	Companies
	Proposal and observation

	Nokia
	The definition of max Doppler rate needs to be provided. 

	
	


Metrics
	Companies
	Proposal and observation

	Huawei
	PSS detection rate for one shot
FAR detection rate
Residual frequency offset

	ZTE
	Joint PSS and SSS detection false alarm rate, residual timing/frequency offset


General agreements
Proposal : The following skeleton table is proposed for agreement to capture the impairments introduced on the RF signal due to the satellite payload and movement. Companies are encouraged to provide values to fill the table for the next meeting.
Table X.9 : Impairments due to satellite payload and satellite movement 
	
	FR1 – Below 6 GHz
	FR2 – Above 6 GHz

	Satellite HPA model
	FFS
	FFS

	Phase noise model
	FFS
	FFS

	Local oscillator drift
	FFS
	FFS

	Max Doppler shift (Note 1)
	Scenario A : see TR 38.811
Scenario C2/D2 : see TR 38.811
	Scenario A : see TR 38.811
Scenario C2/D2 : see TR 38.811

	Max Doppler shift if pre/post compensation mechanism is assumed at satellite payload side
	Scenario A : FFS
Scenario C2/D2 : FFS
	Scenario A : FFS
Scenario C2/D2 : FFS

	Max Doppler rate
	Scenario A : FFS
Scenario C2/D2 : FFS
	Scenario A : FFS
Scenario C2/D2 : FFS

	Note 1 : Min. Elevation angle for both sat-gateway and user equipment = 10 degree.



Proposal : The following skeleton table is proposed for agreement on LLS parameters for DL synchronization performance evaluation. Companies are encouraged to provide values to fill the table for the next meeting.
Table X.10 : LLS parameters for DL synchronization evaluation 
	
	FR1 - Below 6GHz
	FR2 - Above 6GHz

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	FFS

	Delay scaling
	FFS
	 FFS

	Channel Angle Spread Scaling
	FFS
	 FFS

	Channel Mean Angle Scaling
	FFS
	 FFS

	Elevation Angle Scaling
	FFS
	 FFS

	Subcarrier Spacing(s)
	FFS 
	 FFS

	SNR range
	FFS
	 FFS

	Search window
	FFS

	Antenna Configuration at the TRP (satellite)
	1Tx
	1Tx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element

	VSAT with 60 cm equivalent aperture diameter

(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)


	UE speed
	FFS
	FFS

	Frequency Offset
	UE: uniform distribution [+/- FFS ppm]
BS: uniform distribution [+/- FFS ppm]
Satellite : uniform distribution [+/- FFS ppm] (see Table X.7)
Doppler in channel due to satellite movement: max. [+/- FFS] ppm (see Table X.7)
Doppler in channel due to UE movement: max. [+/- FFS] ppm

	Number of interfering beams 

	0 as start point
FFS interference from other beams, based on the frequency reuse pattern or constellation

	Phase noise model
	Table X.9
	Table X.9

	Satellite HPA model
	Table X.9
	Table X.9

	Metrics
	FFS



PRACH
Assumptions
	Companies
	Proposal and observation

	Huawei
	Some simulation assumptions have been provided in Table 2 (R1-1905992)

	Nokia
	Proposal 13: Discussion on performance requirements for PRACH based on proposed assumptions and methodology.
Proposal 14: Use link-level simulation assumptions in Table 4-6 (R1-1906085) for PRACH performance evaluation in NTN.
Proposal 17: Use angle scaling procedure including subpaths in Section 4.4 (R1-1906085) for performance evaluation of PRACH. 
Consider following 3 probabilities for UE capability about reference frequency as simulation assumptions.
4. UE does not have a reference and synchronizes its frequency to observed DL SSB signal
5. UE has reference and reference is equal to DL reference
6. UE has reference but is different from DL reference
For example, a UE without reference may be required to have GPS in order to estimate the Doppler frequency offset. On the other hand, a UE with its own reference may estimate the Doppler from DL synchronization signals like the PSS/SSS and thus may not need GPS.

	ZTE
	Proposal 8: Simulation assumption listed in Table 10 (R1-1906870) can be considered as the baseline for PRACH evaluation.

	Samsung
	Proposal 1: Use the following table table (R1-1906951) as a starting point for link-level simulation evaluation for synchronization performance.

	Ericsson
	Assumption 1: UE knows its position relative to the satellite with sufficient accuracy to perform coarse timing advance before uplink initial access.
Assumption 2: The simulation focuses on the service link only. The feeder link impairments are ignored.

	ESA
	Proposal 5: As far as the satellite payload impairments are concerned, it is recommended to adopt Table 4 and Table 5 (R1-1907481) for downlink and uplink transmissions, respectively.



	Companies
	Proposal and observation

	Nokia
	Assuming a residual Doppler frequency offset after DL synchronisation is a good starting point. We should also consider the assumptions from the DL synchronisation evaluation assumptions. It will be good to consider DL synchronisation in the PRACH discussion (complete initial access), because PRACH performance may depend on Doppler pre/post compensation capabilities at satellite and/or UE. This additional effort is reasonable and can lead to more “trustful” results/conclusions on PRACH performances.



Metrics
	Companies
	Proposal and observation

	Huawei
	PRACH detection rate
FAR detection rate

	Nokia
	Proposal 15: Performance metrics for PRACH evaluation should include 1) the minimum required SNR to achieve 1% missed detection, and 2) observed missed detection probability as function of SNR with the SNR range to cover missed detection from at least 10-4 to around 1 at least. 
Proposal 16: False alarm probability as function of SNR and CDF of timing estimation error at minimum required SNR for 0.1 % missed detection rate can be used as optional performance metrics for PRACH evaluation.

	ZTE
	Miss detection rate



General agreement
Proposal : The following skeleton tables are proposed for agreement on LLS parameters for PRACH performance evaluation. Companies are encouraged to provide values to fill the tables for the next meeting.
Table X.11 : LLS parameters for PRACH performance evaluation
	Configurations
	FR-1
	FR-2

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	FFS

	Delay scaling
	FFS
	FFS

	Channel Angle Spread Scaling
	FFS
	FFS

	Channel Mean Angle Scaling
	FFS
	FFS

	Elevation Angle Scaling
	FFS
	FFS

	Antenna Configuration at the TRP (satellite)
	1Rx
	1Rx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element

	VSAT with 60 cm equivalent aperture diameter

(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)

	Frequency Offset
	UE: value FFS, based on the residual frequency offset of DL synchronization
BS : uniform distribution +/- 0.05 ppm

	UE speed
	FFS
	FFS

	Initial timing Offset (Note 1)
	FFS

	Phase noise model 
	Table X.9
	Table X.9

	PRACH design
	FFS
	FFS

	Metric
	FFS

	Note1 : Ideal common delay compensation is assumed.



Data transmission / Throughput
Assumptions
	Companies
	Proposal and observation

	Huawei
	Some simulation assumptions have been provided in Table 3

	Fraunhofer IIS
	Proposal 1: Link-level simulations considering satellite HPA non-linearity should model the ICI between multiple allocations in the same downlink beam, even under AWGN channel or ideal channel knowledge assumptions.
Proposal 2: Input value range of the HPA AM/AM and AM/PM characteristics specified for NR NTN downlink simulations shall cover the high dynamic range of the OFDM waveforms: recommended range is from -30 dB to 10 dB.
Proposal 3: Appropriate HPA non-linearity modeling should be included in the link- and system-level simulation assumptions for NR NTN downlink.

	Ericsson
	Proposal 12	RAN1 to discuss antenna configuration assumptions.
Proposal 13	RAN1 to agree on the link level evaluation assumptions listed in Table 2.

	ESA
	Proposal 5: As far as the satellite payload impairments are concerned, it is recommended to adopt Table 4 and Table 5 for downlink and uplink transmissions, respectively.



Metrics
	Companies
	Proposal and observation

	Huawei
	BLER or throughput


General agreement
Proposal : The following skeleton tables are proposed for agreement on LLS parameters for data transmission performance evaluation. Companies are encouraged to provide values to fill the tables for the next meeting.
Table X.12 : LLS parameters for data transmission performance evaluation
	Parameters
	FR 1
	FR 2

	Carrier frequency
	2GHz 
	 DL 20GHz 

	Duplex Mode
	FDD

	Subcarrier spacing
	15kHz, 30kHz
	 60kHz, 120kHz

	CSI feedback  
	FFS

	Modulation order, Coding rate
	FFS

	Channel coding scheme
	NR channel coding 


	Link adaptation 
	FFS

	HARQ
	FFS

	Channel estimation
	Realistic estimation

	Frequency offset model 
	Frequency offset in case of non-initial acquisition
TRP: uniform distribution +/- FFS ppm
UE: uniform distribution +/- FFS ppm

	UE speed
	FFS

	Channel model
	FFS

	Delay scaling
	FFS
	FFS

	Channel Angle Spread Scaling
	FFS
	FFS

	Channel Mean Angle Scaling
	FFS
	FFS

	Elevation Angle Scaling
	FFS
	FFS

	TRP antenna configuration
	1Tx
	1Tx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element

	VSAT with 60 cm equivalent aperture diameter

(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)


	Phase noise Model
	Table X.9
	Table X.9

	Satellite HPA Model
	Table X.9
	Table X.9

	Metrics
	FFS




4 Discussion on Link budgets assumptions
Additional contributions on link budgets
Additionally to the document submitted in agenda item 7.2.5.1, the following document submitted in agenda item 7.2.5.5 [13] [14] [15] address also link budget analysis : 
R1-1906876
R1-1906090
R1-1905997
Assumptions
	Companies
	Proposal and observation

	Nokia
	Proposal 9: The values of elevation angles for link budget analysis can be 90, 30 and 10°.
Proposal 10: The values of BLER targets for link budget analysis can be 10%, 0.1% and 0.001%.
Proposal 11: Use AWGN model as baseline and select additional one link-level channel model in TR 38.811 for link budget analysis.
Proposal 12: The simulation assumptions in Table 3-1, Table 3-2 and Table 3-3 can be considered for link budget analysis in NTN with achievable throughputs as output.

	MediaTek
	Proposal 1: Link parameters, Satellite parameters, and terminal parameters illustrated in example below are considered for evaluation of NR-NTN.


General agreements :
Proposal : Link budget methodology and analysis should be captured in TR 38.821
Proposal : Endorse section X.Y.1 from Nokia TP in R1-1906090 to capture link budget methodology in the TR.
Proposal : Endorse skeleton tables from section X.Y.2 from Nokia TP in R1-1906090 to capture the simulation assumptions for link budget analysis. Parameters values can be further discussed by the companies.
Table X.Y.2-1 Simulation assumptions for link budget analysis
	Parameters
	Notes

	Carrier frequency
	2GHz for DL and UL (S band), 20 GHz for DL and 30GHz for UL (Ka band)

	Bandwidth
	30MHz (S band), 400MHz (Ka band)

	Satellite altitude
	600km, 1200km, 35786km

	SCS
	30kHz (S band), 120kHz (Ka band)

	Elevation angle
	10, 30, 90

	Atmospheric loss
	0.1 dB (S band), 1 dB (Ka band)

	Shadowing margin
	0 dB for VSAT as terminal and 3 dB for others

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Average C/I within a satellite beam
	16 dB

	Frequency reuse factor (Note 1)
	4

	Terminal type
	· Ka band: VSAT, (M, N, P) = (4, 8, 2)
· S band: (M, N, P) = (1,1,1), (M, N, P) = (1,1,2), and (M, N, P) = (1, 2, 2)

	Terminal speed
	0 km/h

	Free space path loss
	Equation (6.6-2) in TR 38.811

	Fast fading channel model
	AWGN, NTN-CDL-D in TR 38.811

	Target BLER
	10%, 0.1%, 0.001%

	Note 1: Frequency reuse factor of 1 is not precluded from simulation studies.



Table X.Y.2-2 Terminal parameters
	Terminal Type
	VSAT
	(M, N, P) = (1,1,1)
	(M, N, P) = (1,1,2)
	(M, N, P) = (1, 2, 2)
	(M, N, P) = (8, 4, 2)

	Terminal receive antenna element gain (dBi)
	39.7
	0
	0
	0
	5

	Terminal noise figure (dB)
	1.2
	7
	7
	7
	10

	Terminal ambient temperature (K)
	290
	290
	290
	290
	290

	Terminal antenna temperature (K)
	150
	290
	290
	290
	290

	Terminal maximal EIRP (dBW)
	45.75
	-10
	-3.99
	-0.98
	13.05

	Terminal EIRP (dBW)
	44
	-10
	-3.99
	-0.98
	13.05

	Terminal output back off (dB)
	1.75
	0
	0
	0
	0

	Terminal transmit power (dBW)
	3
	-7
	-7
	-7
	-7

	Terminal transmit antenna element gain (dBi)
	43.2
	0
	0
	0
	5

	Terminal cable loss (dB)
	0.45
	0
	0
	0
	0



Table X.Y.2-3 Satellite parameters
	
	Configuration 1
	Configuration 2

	
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600

	S band
	Satellite EIRP density (dBW/MHz)
	59
	40
	34
	
	
	

	
	Satellite G/T (dB/K)
	19
	1.2
	1.2
	
	
	

	Ka band
	Satellite EIRP density (dBW/MHz)
	40
	10
	4
	
	
	

	
	Satellite G/T (dB/K)
	22
	13
	13
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	Ka band
	S band

	UE type
	VSAT
	(M, N, P) = (8, 4, 2)
	(M, N, P) = (1,1,1)
	(M, N, P) = (1,1,2)
	(M, N, P) = (1,2,2)

	Elevation angle ()
	90
	30
	10
	90
	30
	10
	90
	30
	10
	90
	30
	10
	90
	30
	10

	Satellite configuration 1
	DL
	CNIR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	AWGN
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 10%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.1%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.001%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	UL
	CNIR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	AWGN
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 10%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.1%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.001%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Satellite configuration 2
	UL
	CNIR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	AWGN
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 10%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.1%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.001%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	UL
	CNIR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	AWGN
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 10%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.1%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.001%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Conclusion

Proposal #1: Both multi-satellite and single satellite simulations should be considered for calibration and performance evaluation.
Proposal #2: The following tables are proposed for agreement on SLS assumptions for calibration :
· Table X.1 and X.2 define the 2 sets of satellite parameters to be considered as the baseline for SLS.
· Table X.3 defines UE characteristics to be considered as the baseline for SLS.
· Table X.4 summarizes the beam layout definition principles to be considered as the baseline for single satellite SLS.
· Table X.5 summarizes the simulation assumptions to be considered for calibration.
Table X.1 : Set-1 Satellite parameters for System Level Simulations
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	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
	2 m

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

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

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

	Satellite EIRP
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

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

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

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

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	5 m
	0.5 m
	0.5 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

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



Table X.2 : Set-2 Satellite parameters for System Level Simulations
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	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
	1 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite beam diameter (Note 2)
	
	450 km
	190 km
	90 km

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

	Satellite EIRP
	
	32 dBW/MHz
	2 dBW/MHz
	-4 dBW/MHz

	Satellite beam diameter (Note 2)
	
	280 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band
	12 m
	1 m
	1 m

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

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	2 m
	0.2 m
	0.2 m

	G/T
	
	20 dB K-1
	5 dB K-1
	5 dB K-1

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



Table X.3 : UE characteristics for System Level Simulations
	Characteristics
	VSAT
	Handheld
	Other (Note 1)

	Frequency band
	Ka band(i.e. 20 GHz UL and 30 GHz DL)
	S band (i.e. 2 GHz)
	Ka band(i.e. 20 GHz UL and 30 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of TR 38.811 with 60 cm equivalent aperture diameter
	(1, 1, 2) with omni-directional antenna element

	Directional
(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (3dB-BW=65 deg)

	Polarisation
	circular
	Linear : +/-45°X-pol
	Linear : +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	0 dBi per element
	8dBi per element

	Antenna temperature
	150 K
	290 K
	290 K

	Noise figure
	1.2 dB
	7 dB
	9 dB

	Note 1: Moving platforms (e.g., aircrafts, vessels), building mounted devices.



Table X.4 : Beam layout definition for single satellite simulation
	Scenario
	Scenario A, C2 and D2

	Beam layout definition
	Baseline : Hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame

	Number of beams
	For single satellite simulation : Baseline: 19-beam layout considering wrap-around mechanism (i.e. 18 beams surrounding the central beam and allocated on 2 distinct “tiers”)

	UV plane illustration (extracted from [16])
	[image: ]

	UV plane convention
	U axis is defined as the perpendicular line to the satellite-earth line on the orbital plane as illustrated here after : 
[image: ]
The straight line being orthogonal to UV plane is pointing towards the Earth centre.
UV coordinates of the nadir of the reference satellite is (0,0)

	Adjacent beam spacing on UV plane
	Baseline: Adjacent beam spacing computation based on 3dB beam width of the satellite antenna pattern :
ABS = sqrt(3) x sin(3dB-BW [rad])
Note : 3dB-BW is the positive numerical solution for which the antenna gain pattern is equal to 0.5 based on the formula defined in section 6.4.1 of TR 38.811

	Central beam bore sight direction definition
	Baseline : 
· Case 1 : Central beam center is considered at nadir point
· Case 2 : Central beam boresight direction computed based on elevation angle target



Table X.5 : SLS assumptions for calibration
	Configuration scenario
	A, C2 and D2

	Frequency band
	S-band (i.e. 2 GHz)  / Ka- Band (i.e. 20 GHz DL, 30 GHz UL)

	Maximum Bandwidth per beam (DL + UL)
	S-band : DL 30 MHz and UL 30 MHz
Ka-band : DL 400 MHz and UL 400 MHz
The bandwidth per beam must be adapted based on the frequency factor considered.

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	See Table X.1 and Table X.2 (optional) 
Note : Same satellite characteristics should be considered for both single and multi-satellite simulations

	Satellite antenna pattern
	TR 38.811v15.0.0 section 6.4.1 Bessel function

	Satellite polarization configuration
	Circular

	Beam layout definition
	For singles satellite simulation : See Table X.4
For multi satellites simulation : FFS

	Frequency re-use factor
	Base-line :
· S band : Frequency re-use factor = 4 for linear polarization ;
· Ka band: Frequency re-use factor = 4 for linear polarization and 2 for dual circular polarization ;
Additional results with other frequency re-use factor assumptions can be provided

	Deployment scenarios
	Base-line : Rural
Additional deployment scenario results can be provided

	Fast fading model
	Frequency selective channel model from TR 38.811

	Propagation conditions
	Base-line : Clear Sky

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	Base-line : X=10 UEs per beam with uniform distribution in all the beams

	UE configuration
	S-band :
· Handheld (optional for scenario A)

Ka-band :
· VSAT
· Others  (optional for scenario A)

See Table X.3

	UE orientation
	VSAT and Others : Ideal Tracking serving beam;
Handheld: Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Metrics for calibration
	Base-line : Coupling loss, Geometry

	Note 1 : Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.



Proposal #3 : The beam layout parameters captured in the following table should be adopted as a starting point for single satellite simulation.
Table X.6 : Beam layout parameters for single satellite simulation 
	Scenario
	Scenario A
	Scenario C2/D2

	Carrier frequency
	S-band : 2 GHz
Ka-band : 20 GHz for DL
	S-band : 2 GHz
Ka-band : 20 GHz for DL

	Adjacent beam spacing (ABS) on UV plane
	S-band : ABS = 0.0061
Ka-band : ABS = 0.0027
	S-band : ABS = 0.0668
Ka-band : ABS = 0.0267

	Satellite location
	Any position on the geostationary orbit
	Any position on the LEO orbit

	Central beam center elevation angle target
	Baseline :
· Case 1 : 90 degree
· Case 2 : 45 degree
	Baseline :
· Case 1 : 90 degree
· Case 2 : FFS

	Central beam bore sight direction coordinates in UV plane
	Baseline :
· Case 1 : (0,0)
· Case 1 : (0.107,0)
	Baseline :
· Case 2 : (0,0)
· Case 2 : FFS

	Gateway direction coordinates in UV plane
	Baseline : Same as central beam bore sight direction coordinates in UV plane



Proposal #4 : The wrap around mechanism should be considered as a baseline for single satellite simulation for intra-satellite interference modeling based on additional bore-sight beam directions which should be computed based on the methodology captured in Table X.4.
Proposal #5 : The value of amplitude index S_4 used in ionospheric scintillation loss model should be given in the simulation assumptions if the UE latitude is comprised within ±20° and the carrier frequency is below 6GHz.

Proposal #6: The following skeleton tables are proposed for agreement on SLS parameters for performance evaluation. Companies are encouraged to provide values to fill the tables for the next meeting.
Table X.7 : SLS parameters for performance evaluation
	Configuration scenario
	A, C2 and D2

	Frequency band
	Same as in Table X.5

	Maximum Bandwidth per beam (DL + UL)
	Same as in Table X.5

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	Same as in Table X.5

	Satellite antenna pattern
	Same as in Table X.5

	Satellite polarization configuration
	Same as in Table X.5

	Beam layout
	FFS

	Number of beams
	FFS

	Frequency re-use factor
	FFS

	Deployment scenarios
	Same as in Table X.5

	Fast fading model
	FFS

	Propagation conditions
	Same as in Table X.5

	UEs outdoor/indoor distribution
	Same as in Table X.5

	UEs coverage distribution
	Same as in Table X.5

	UE configuration
	Same as in Table X.5

	UE orientation
	Same as in Table X.5

	Handover Margin
	FFS

	UE attachment
	FFS

	Receiver type
	FFS

	Reference signals configuration
	See Table X.8

	Scheduler
	FFS

	Traffic model
	FFS

	Channel estimation
	FFS

	MIMO mode
	FFS

	CSI feedback
	FFS

	Metrics for performance
	Baseline: UE throughput (5%, 50%, 95%)

	Note 1 : Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.



Table X.8 : Reference signals configuration for performance evaluation
	DL
	PDCCH
	FFS

	
	DMRS
	FFS

	
	CSI-RS
	FFS

	
	SSB
	FFS

	
	TRS
	FFS

	
	PTRS
	FFS

	UL
	PUCCH
	FFS

	
	DMRS
	FFS

	
	SRS
	FFS

	
	PTRS
	FFS




Proposal #7 : The following skeleton table is proposed for agreement to capture the impairments introduced on the RF signal due to the satellite payload and movement. Companies are encouraged to provide values to fill the table for the next meeting.
Table X.9 : Impairments due to satellite payload and satellite movement 
	
	FR1 – Below 6 GHz
	FR2 – Above 6 GHz

	Satellite HPA model
	FFS
	FFS

	Phase noise model
	FFS
	FFS

	Local oscillator drift
	FFS
	FFS

	Max Doppler shift (Note 1)
	Scenario A : see TR 38.811
Scenario C2/D2 : see TR 38.811
	Scenario A : see TR 38.811
Scenario C2/D2 : see TR 38.811

	Max Doppler shift if pre/post compensation mechanism is assumed at satellite payload side
	Scenario A : FFS
Scenario C2/D2 : FFS
	Scenario A : FFS
Scenario C2/D2 : FFS

	Max Doppler rate
	Scenario A : FFS
Scenario C2/D2 : FFS
	Scenario A : FFS
Scenario C2/D2 : FFS

	Note 1 : Min. Elevation angle for both sat-gateway and user equipment = 10 degree.



Proposal #8 : The following skeleton table is proposed for agreement on LLS parameters for DL synchronization performance evaluation. Companies are encouraged to provide values to fill the table for the next meeting.
Table X.9 : Impairments due to satellite payload and satellite movement 
	
	FR1 – Below 6 GHz
	FR2 – Above 6 GHz

	Satellite HPA model
	FFS
	FFS

	Phase noise model
	FFS
	FFS

	Local oscillator drift
	FFS
	FFS

	Max Doppler shift (Note 1)
	Scenario A : FFS
Scenario C2/D2 : FFS
	Scenario A : FFS
Scenario C2/D2 : FFS

	Max Doppler shift if pre/post compensation mechanism is assumed at satellite payload side
	Scenario A : FFS
Scenario C2/D2 : FFS
	Scenario A : FFS
Scenario C2/D2 : FFS

	Max Doppler rate
	Scenario A : FFS
Scenario C2/D2 : FFS
	Scenario A : FFS
Scenario C2/D2 : FFS

	Note 1 : Min. Elevation angle for both sat-gateway and user equipment = 10 degree.



Table X.10 : LLS parameters for DL synchronization evaluation 
	
	FR1 - Below 6GHz
	FR2 - Above 6GHz

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	FFS

	Delay scaling
	FFS
	 FFS

	Channel Angle Spread Scaling
	FFS
	 FFS

	Channel Mean Angle Scaling
	FFS
	 FFS

	Elevation Angle Scaling
	FFS
	 FFS

	Subcarrier Spacing(s)
	FFS 
	 FFS

	SNR range
	FFS
	 FFS

	Search window
	FFS

	Antenna Configuration at the TRP (satellite)
	1Tx
	1Tx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element

	VSAT with 60 cm equivalent aperture diameter

(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)


	UE speed
	FFS
	FFS

	Frequency Offset
	UE: uniform distribution [+/- FFS ppm]
BS: uniform distribution [+/- FFS ppm]
Satellite : uniform distribution [+/- FFS ppm] (see Table X.7)
Doppler in channel due to satellite movement: max. [+/- FFS] ppm (see Table X.7)
Doppler in channel due to UE movement: max. [+/- FFS] ppm

	Number of interfering beams 

	0 as start point
FFS interference from other beams, based on the frequency reuse pattern or constellation

	Phase noise model
	Table X.9
	Table X.9

	Satellite HPA model
	Table X.9
	Table X.9

	Metrics
	FFS



Proposal #9 : The following skeleton tables are proposed for agreement on LLS parameters for PRACH performance evaluation. Companies are encouraged to provide values to fill the tables for the next meeting.
Table X.11 : LLS parameters for PRACH performance evaluation
	Configurations
	FR-1
	FR-2

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	FFS

	Delay scaling
	FFS
	FFS

	Channel Angle Spread Scaling
	FFS
	FFS

	Channel Mean Angle Scaling
	FFS
	FFS

	Elevation Angle Scaling
	FFS
	FFS

	Antenna Configuration at the TRP (satellite)
	1Rx
	1Rx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element

	VSAT with 60 cm equivalent aperture diameter

(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)

	Frequency Offset
	UE: value FFS, based on the residual frequency offset of DL synchronization
BS : uniform distribution +/- 0.05 ppm

	UE speed
	FFS
	FFS

	Initial timing Offset (Note 1)
	FFS

	Phase noise model 
	Table X.9
	Table X.9

	PRACH design
	FFS
	FFS

	Metric
	FFS

	Note1 : Ideal common delay compensation is assumed.



Proposal #10 : The following skeleton tables are proposed for agreement on LLS parameters for data transmission performance evaluation. Companies are encouraged to provide values to fill the tables for the next meeting.
Table X.12 : LLS parameters for data transmission performance evaluation
	Parameters
	FR 1
	FR 2

	Carrier frequency
	2GHz 
	 DL 20GHz 

	Duplex Mode
	FDD

	Subcarrier spacing
	15kHz, 30kHz
	 60kHz, 120kHz

	CSI feedback  
	FFS

	Modulation order, Coding rate
	FFS

	Channel coding scheme
	NR channel coding 


	Link adaptation 
	FFS

	HARQ
	FFS

	Channel estimation
	Realistic estimation

	Frequency offset model 
	Frequency offset in case of non-initial acquisition
TRP: uniform distribution +/- FFS ppm
UE: uniform distribution +/- FFS ppm

	UE speed
	FFS

	Channel model
	FFS

	Delay scaling
	FFS
	FFS

	Channel Angle Spread Scaling
	FFS
	FFS

	Channel Mean Angle Scaling
	FFS
	FFS

	Elevation Angle Scaling
	FFS
	FFS

	TRP antenna configuration
	1Tx
	1Tx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element

	VSAT with 60 cm equivalent aperture diameter

(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)


	Phase noise Model
	Table X.9
	Table X.9

	Satellite HPA Model
	Table X.9
	Table X.9

	Metrics
	FFS



Proposal #11 : Link budget methodology and analysis should be captured in TR 38.821
Proposal #12: Endorse section X.Y.1 from Nokia TP in R1-1906090 to capture link budget methodology in the TR.
Proposal #13: Endorse skeleton tables from section X.Y.2 from Nokia TP in R1-1906090 to capture the simulation assumptions for link budget analysis. Parameters values can be further discussed by the companies.
Table X.Y.2-1 Simulation assumptions for link budget analysis
	Parameters
	Notes

	Carrier frequency
	2GHz for DL and UL (S band), 20 GHz for DL and 30GHz for UL (Ka band)

	Bandwidth
	30MHz (S band), 400MHz (Ka band)

	Satellite altitude
	600km, 1200km, 35786km

	SCS
	30kHz (S band), 120kHz (Ka band)

	Elevation angle
	10, 30, 90

	Atmospheric loss
	0.1 dB (S band), 1 dB (Ka band)

	Shadowing margin
	0 dB for VSAT as terminal and 3 dB for others

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Average C/I within a satellite beam
	16 dB

	Frequency reuse factor (Note 1)
	4

	Terminal type
	· Ka band: VSAT, (M, N, P) = (4, 8, 2)
· S band: (M, N, P) = (1,1,1), (M, N, P) = (1,1,2), and (M, N, P) = (1, 2, 2)

	Terminal speed
	0 km/h

	Free space path loss
	Equation (6.6-2) in TR 38.811

	Fast fading channel model
	AWGN, NTN-CDL-D in TR 38.811

	Target BLER
	10%, 0.1%, 0.001%

	Note 1: Frequency reuse factor of 1 is not precluded from simulation studies.



Table X.Y.2-2 Terminal parameters
	Terminal Type
	VSAT
	(M, N, P) = (1,1,1)
	(M, N, P) = (1,1,2)
	(M, N, P) = (1, 2, 2)
	(M, N, P) = (8, 4, 2)

	Terminal receive antenna element gain (dBi)
	39.7
	0
	0
	0
	5

	Terminal noise figure (dB)
	1.2
	7
	7
	7
	10

	Terminal ambient temperature (K)
	290
	290
	290
	290
	290

	Terminal antenna temperature (K)
	150
	290
	290
	290
	290

	Terminal maximal EIRP (dBW)
	45.75
	-10
	-3.99
	-0.98
	13.05

	Terminal EIRP (dBW)
	44
	-10
	-3.99
	-0.98
	13.05

	Terminal output back off (dB)
	1.75
	0
	0
	0
	0

	Terminal transmit power (dBW)
	3
	-7
	-7
	-7
	-7

	Terminal transmit antenna element gain (dBi)
	43.2
	0
	0
	0
	5

	Terminal cable loss (dB)
	0.45
	0
	0
	0
	0



Table X.Y.2-3 Satellite parameters
	
	Configuration 1
	Configuration 2

	
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600

	S band
	Satellite EIRP density (dBW/MHz)
	59
	40
	34
	
	
	

	
	Satellite G/T (dB/K)
	19
	11.2
	11.2
	
	
	

	Ka band
	Satellite EIRP density (dBW/MHz)
	40
	10
	4
	
	
	

	
	Satellite G/T (dB/K)
	22
	13
	13
	
	
	



Page 4
Draft prETS 300 ???: Month YYYY

	35/46	
Proposal #14 : Endorse skeleton tables from section X.Y.3 from Nokia TP in R1-1906090 to capture the link budget analysis.
	
	Ka band
	S band

	UE type
	VSAT
	(M, N, P) = (8, 4, 2)
	(M, N, P) = (1,1,1)
	(M, N, P) = (1,1,2)
	(M, N, P) = (1,2,2)

	Elevation angle ()
	90
	30
	10
	90
	30
	10
	90
	30
	10
	90
	30
	10
	90
	30
	10

	Satellite configuration 1
	DL
	CNIR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	AWGN
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 10%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.1%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.001%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	UL
	CNIR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	AWGN
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 10%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.1%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.001%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Satellite configuration 2
	UL
	CNIR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	AWGN
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 10%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.1%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.001%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	UL
	CNIR
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	AWGN
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 10%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.1%
	Throughput (Mbps)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	NTN-CDL-D, BLER = 0.001%
	Throughput (Mbps)
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