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Introduction
This document aims to summarize the main assumptions for system level and link level simulations for NTN. It is based on the different companies views proposed in the following tdocs. Note that link budget assumptions are also considered. 

R1-1904648
R1-1904765
R1-1903997
R1-1905216
R1-1904668
R1-1904668
R1-1904548
R1-1904436
R1-1904302
R1-1905216
R1-1905206

Link budgets :
R1-1903998
R1-1904772
R1-1905120

System Level Simulations :
PRINCIPLE OF THE SIMULATION
Discussion
Dynamic simulation or static simulation in multiple cases with different location for satellite and UEs ?
	Source
	Related Proposals & Observations

	ZTE
	Proposal 7: Static simulation in multiple cases with different location for satellite and UE should be considered as the baseline.
· Time-variant Doppler shift can be considering if necessary


	Nokia
	Whether using dynamic simulation or static simulation depends on simulation target, scenario and how much of those findings can be modelled in the system-level studies. For example, for mobility and positioning with LEO satellite and moving beams on earth, dynamic simulation will be preferred. It is OK to use static simulation for throughput evaluation in terrestrial network. However, for example, if the equivalent satellite antenna aperture of LEO satellite at altitude of 600km is 2m for S band, there might be one obvious change in satellite antenna gain for one UE during system-level throughput evaluation. In this case, dynamic simulation might be needed. Therefore, whether using static simulation or dynamic simulation for system-level throughput evaluation can be FFS. 
The UEs do not need to be moving w.r.t to Earth in ost scenarios. UE movement is enough to consider only when/if evaluating high speed vehicles at 1000km/h. But the outcome will strongly depend on satellite constellation and where the UE is located. 
Additionally, in mobility evaluation, the channel for each UE will change with the elevation angle (i.e. changing LOS/NLOS probability and related shadowing + clutter). But changing channel response and Doppler shift should probably not be targeted in SL simulations (dynamic or static).

	Ericsson
	It depends on the evaluation. First RAN1 should determine the scenarios and metrics to be evaluated. In a second step the tools to be used can be agreed.
At this stage calibration should be performed. For this purpose, static simulations are suitable.
To the largest extent possible we agree that static simulations should be allowed in the later evaluations. For some evaluations, like mobility aspects, we do however believe that dynamic simulations are required.




Comments :
[Ericsson]
A static simulator is a snap-shot based simulator where an instantaneous static snap-shot of all modelled parameters are used. This includes all above listed items.
A dynamic simulator should model all above aspects in a time invariant-manner, when relevant for the simulated scenario.We do not understand item “Time-variant shift is considered during the simulation”. Time-variant shift of what?

Conclusions
Potential agreement #1 : For throughput evaluation, the static simulation approach is preferred w.r.t to dynamic simulation approach. A description of the channel parameters considered static should be defined.
Potential agreement #2 : For other metrics evaluation, it is FFS.
PRIORITIZING ISSUES :
Regenerative/Transparent scenarios
Discussion
Do we want to prioritize some scenarios for SLS simulations ?
	Source
	Related Proposals & Observations

	Nokia
	Proposal 1: Use the reference NTN scenarios A, C2 and D2 in TR 38.821 and the associated NTN channel models in TR 38.811 for performance studies in RAN1.
Proposal 2: For calibration, we can consider all scenarios due to acceptable effort. However, for performance evaluation, it will be best to prioritize the scenarios, for example the rural scenario can be with higher priority

	Huawei
	A, C2, D2

	Ericsson
	Proposal 6 : RAN1 to prioritize bent-pipe architecture and consider regenerative architecture as second priority in Release-16 NTN evaluation. This corresponds to scenarios A and C2.

We propose to prioritize one LEO orbit altitude and one frequency band.




Comments :

For transparent scenario, how we define the feeder link and payload effects on the performance (e.g. frequency residual error, SNR loss … ) ?
	Source
	Related Proposals & Observations

	ZTE
	Proposal 10: For simulation with assumed transparent load, impacts from the feeder link should be considered.

	Huawei
	Proposal 5: Transparent GEO/LEO satellite can be modelled with fixed power amplification factor for UL.
Proposal 6: No processing delay should be assumed for the transparent satellite.

	Ericsson
	We propose to focus on service link and treat the impact from the feeder link as an optional aspects with exception for the propagation delay.

Calibration of the service link geometry and path loss statistics should be prioritized.



Comments :

Conclusions
Potential agreement #3 : A, C2, D2 NTN scenarios for both S-Band and Ka-Band should be prioritized for RAN1 NTN Evaluation. It is up to the companies to study other configuration scenarios.
Potential agreement #4 : The feeder link is considered ideal except for additional delay which should be considered for both system level and link level simulations
Potential agreement #5 :  Additional frequency error due to uncompensated Doppler on the feeder link is considered negligible.
Potential agreement #6 :  SNR loss due to the feeder link budget is considered negligible.

Channel model
Discussion
What channel model should be prioritized ? (dense urban, urban, … rural )
	Source
	Related Proposals & Observations

	ZTE
	Considered the typical usage, potential terrestrial scenarios, e.g., dense urban, urban, rural should be covered and for each case, the assumption on small scale fading model is also listed Table 2.
[bookmark: _Ref534967686]Table 2 Assumption on fast fading model for each scenario
	Terrestrial scenarios
	Dense urban scenario
	Urban scenario
	Rural scenario

	Fast fading model
	Frequency-selective
	Frequency-selective
	Flat Fading




	Huawei
	Proposal 9:  Frequency selective fading should be considered in small scale channel model for NTN.
Proposal 10:  The channel model as LOS/NLOS with Dense Urban/Rural would be evaluated first.

	Ericsson
	Rural

	Nokia
	Proposal 7: The calibration scenarios should include rural, suburban, urban and dense urban but use same configurations and results for rural and suburban scenarios.

	CAT
	Since the coverage in NTN network is very critical, we don’t think NLOS case is a main scenario due to limited link budget, even in low frequency band. In this sense, LOS based channel model should be prioritized.

	Intel
	Proposal 3: 
•	Prioritize open and/or rural UE environment for evaluations of NTN

	Samsung
	Proposal 5: Flat fading is assumed for VSAT UEs.



Comments :
Conclusions
Potential agreement #5 : For calibration, rural is mandatory. It is up to the companies to provide additional deployment scenario results.
Potential agreement #6 : For performance evaluation, One among the 2 following options should be selected :
option 1 :Rural, Dense Urban are mandatory. It is up to the companies to provide additional scenario results.
option 2 : Rural is mandatory. It is up to the companies to provide additional scenario results.
Potential agreement #7 : The frequency selective channel model should be considered for all deployment scenarios.
UE CONFIGURATION
Discussion
Outdoor /indoor UE distributions
	Source
	Related Proposals & Observations

	Nokia
	100% outdoor

	ZTE
	Proposal 5: It is recommended to evaluate outdoor UEs distributed in both low and high latitude regions in NTN system level simulation with corresponding assumption on density and percentage of UE with different antenna.
	Exemplified region defined in Table 3 can be considered as baseline.

	Huawei
	100% outdoor

	Ericsson
	All outdoor

	CATT
	100% outdoor



Comments :
UE density
	Source
	Related Proposals & Observations

	ZTE
	Outdoor UE density	25 [UE/km² ?]

	Huawei
	Proposal 7: Different UE density should be considered for NTN system level simulation.

	Ericsson
	A range of UE densities should be modelled. UE should be dropped uniformly when arriving in the system.

For dynamic simulations a traffic model needs to complement the agreed UE density. This needs to include access arrival rate and uplink/downlink traffic patterns.

For static simulations a discussion on the channel frequency allocation method per user is needed. 

For calibration we propose to simulate 10 UEs per beam with each UE being allocated 1/10th of the system bandwidth assigned to the beam.



Comments :
[Thales] Check usage scenarios to be defined in RAN2 : TP in R2-1903279 
[All] Typical value in cellular = 10 UE per cell for RAN1 SLS.
UE mobility
	Source
	Related Proposals & Observations

	ZTE
	Calibration cases C-1 2 4
50% VSAT-I 0km/h
20% Phase array-I 1000km/h
30% Phase array-I 3km/h

Calibration cases C 3 5
50% VSAT-II 0km/h
20% Phase array-II 500km/h
30% Phase array-II 3km/h

	Ericsson
	0 and 30 km/h for dynamic simulations. 

For calibration using static simulations this does not matter.

	Huawei
	Proposal 8: Different types of UEs should be considered for NTN system level simulation.
+ 3 km/h, 120 km/h, 1000km/h assumptions for link level simulation

	Nokia
	Table 2-2 NTN reference scenarios and use cases to be evaluated in RAN WG#1 in system level studies.
	NTN scenarios
	A
	C2
	D2

	
	GEO transparent payload
	LEO transparent payload
	LEO regenerative payload

	Reference Use Case
	Pedestrian/stationary (relay) UE (eMBB)
Vehicular (up to 1000km/h) relay UE (eMBB)
	Pedestrian/stationary UE (eMBB)
Stationary relay UE (eMBB)
	Pedestrian/stationary UE (eMBB)
Stationary relay UE (eMBB)
Vehicular (up to 100km/h) relay UE (eMBB)



Proposal 4: For RAN WG#2 radio mobility performance studies, use a subset of the NTN reference scenarios and reference use cases defined in Table 2-2.

	CATT
	Observation 1: The UEs with moving speed 3km/h and 120km/h are prioritized in system design.
Proposal 1: Support vehicle based satellite terminal applied in high frequency band.



Comments :
[Thales] Check usage scenarios to be defined in RAN2 : TP in R2-1903279 
UE antenna configuration
	Source
	Related Proposals & Observations

	Huawei
	For handheld:
UL: 1Tx; 2Tx with 0°, 90° polarization;
DL: 2Rx, 4Rx; with 0°,90° polarization;
For VSAT: FFS

	Nokia
	For LKB computations :
Ka Band :
· (M, N, P) = (2, 4, 2) with 2 antenna panels
S band :	
· (M, N, P) = (1,1,1) with single antenna panel	
· (M, N, P) = (1,1,2) with single antenna panel	
· (M, N, P) = (1, 2, 2) with single antenna panel

	CATT
	So we propose two kinds of antenna models: Omni-directional antenna and directional antenna, not modeling the antenna elements mapping in phased antenna array.
1T1R

	Ericsson
	We propose to simulate one type of handheld devices either with:
·  1 TX / 2 RX, i.e. (M, N, P) = (1,1,2), or,
·  1 TX / 1 RX, i.e. (M, N, P) = (1,1,1)
VSAT FFS.



Comments :
[Thales] We can probably assume only 1 or 2 antenna configurations for handheld UE in a first time.

UE attachment definition 
	Source
	Related Proposals & Observations

	Huawei
	RSRP

	ZTE
	Geometry

	CATT
	Geometric

	Nokia
	Basically, both RSRP-based handover and geometry-based (above a minimum threshold) cell selection can be used for serving selection. RSRP-based is simpler than geometry-based, therefore we suggest using RSRP-based as baseline and geometry-based as option. 

	Ericsson
	Based TS 38.304, i.e. RSRP based cell ranking.



Comments :

H.O margin
	Source
	Related Proposals & Observations

	ZTE
	0dB

	Nokia
	Handover margin in system-level simulation is related to serving beam selection. It is possible that the serving satellite beam of one UE is not the satellite beam with the strongest signal to this UE. Therefore, it is reasonable to consider handover margin even in static simulation. We suggest using [2] dB as handover margin in system-level evaluation in RAN1 including calibration and throughput evaluation but would like to hear more views here. Regarding performance evaluation for mobility, the companies can report the handover margin they have selected.

	Ericsson
	This should be part of the mobility study. In a terrestrial NW 2 dB is a commonly assumed configuration. In a NTN with different RSRP characteristics a suitable configuration needs to be determined.

In static simulations HO is not considered.



Comments :
[Thales] No H.O if the static simulation approach is considered. 

Conclusions
Potential agreement #8 : 100% outdoor distribution should be considered for NTN evaluation.
Potential agreement #9 : Several UE density values should be considered for NTN evaluation. 10 UEs per satellite beam can be considered as a starting point.
Option 1 : X UEs per beam with uniform distribution in all the beams
Option 2 : Different values may need to be defined based on the elevation variation inside the beam coverage to ensure accurate results.
Potential agreement #10 : Adopt the following table to define which kind of terminal should be assumed in each NTN scenario : The optional configurations is FFS.
	Frequency band
	Scenario
	VSAT
	Phase –array for handheld
	Phase-array for others  (Note 2)

	
	
	YES
	NO
	YES
	NO
	YES
	NO

	< 6 GHz (S-Band)

	A (GEO – transparent)
	
	X
	X
	
	X
	

	
	C2 (LEO – transparent – moving beams)
	
	X
	X
	
	X
	

	
	D2 (LEO – regenerative – moving beams)
	
	X
	X
	
	X
	

	> 6 GHz (Ka-Band)
	A (GEO – transparent)
	X
	
	
	X
	X
	

	
	C2 (LEO – transparent – moving beams)
	X
	
	
	X
	X
	

	
	D2 (LEO – regenerative – moving beams)
	X
	
	
	X
	X
	



Note 1 : X : optional (FFS)
Note 2 : Moving platforms (aircrafts, vessels), building mounted device
Potential agreement #11 : Adopt the following table to define which mobility study cases should be assumed in each NTN scenario : The optional configurations is FFS. The velocity cases distribution if several assumptions are considered in the same simulation is FFS.
	Frequency band
	Scenario
	VSAT
	Phase –array for handheld
	Phase-array for others 

	
	
	Velocity assumptions
	Velocity assumptions
	Velocity assumptions

	< 6 GHz (S-Band)

	A (GEO – transparent)
	-
	3km/h; 30 km/h
	1000 km/h ; 500 km/h ; 120 km/h

	
	C2 (LEO – transparent – moving beams)
	-
	3km/h; 30 km/h
	1000 km/h ; 500 km/h ; 120 km/h

	
	D2 (LEO – regenerative – moving beams)
	-
	3km/h; 30 km/h
	1000 km/h ; 500 km/h ; 120 km/h

	> 6 GHz (Ka-Band)
	A (GEO – transparent)
	0 km/h
	-
	1000 km/h ; 500 km/h ; 120 km/h

	
	C2 (LEO – transparent – moving beams)
	0 km/h
	-
	1000 km/h ; 500 km/h ; 120 km/h

	
	D2 (LEO – regenerative – moving beams)
	0 km/h
	-
	1000 km/h 500 km/h ; 120 km/h 


X : optional (FFS)
Potential agreement #12 : Adopt the following table to define which antenna configuration (N TX/M RX) should be assumed for phase array devices in each NTN scenario : The configuration definition is FFS.
	Frequency band
	Scenario
	Phase –array for handheld
	Phase-array for others 

	
	
	conf
	conf

	< 6 GHz (S-Band)

	A (GEO – transparent)
	TBD
	TBD

	
	C2 (LEO – transparent – moving beams)
	TBD
	TBD

	
	D2 (LEO – regenerative – moving beams)
	TBD
	TBD

	> 6 GHz (Ka-Band)
	A (GEO – transparent)
	-
	TBD

	
	C2 (LEO – transparent – moving beams)
	-
	TBD

	
	D2 (LEO – regenerative – moving beams)
	-
	TBD



Potential agreement #13 : UE attachment definition is FFS
Potential agreement #14 : H.O margin definition is FFS

SATELLITE PAYLOAD CHARACTERISTICS
Discussion
	Source
	Related Proposals & Observations

	ESA
	
	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 [7]
	Section 6.4.1 in [7]
	Section 6.4.1 in [7]

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

	…
	
	
	
	

	Satellite beam radius
	
	300 km
	75 km
	35 km



	Satellite antenna diameter
	Ka-band
	5 m
	0.5 m
	0.5 m

	…
	
	
	
	

	Satellite beam radius
	
	130 km
	20 km
	10 km






Comments :

Conclusions
Potential agreement #15 : Several sets of values should be considered for satellite payload characteristics (i.e. EIRP density, G/T, antenna diameter).
Set 1 : Based on the table provided by ESA in R1-1905216  : FFS
Set 2 : Table with larger beam size values : FFS

BEAM LAYOUT
Discussion
	Source
	Related Proposals & Observations

	Nokia
	Proposal 8: Use inclination satellite constellation and focus on partial geographical area for simulation platform calibration and following system-level evaluation.
Proposal 9: Use Table 4.2-1 for satellite, beam and UE deployment in calibration.
Proposal 10: For LEO satellite, the neighbor satellites, which are visible by one UE, will be involved for this UE’s performance statistics, including serving beam selection and interference statistics. 
Proposal 11: For GEO satellite, the neighbor beams, which might leak interference to one UE, will be involved for this UE’s performance statistics, including serving beam selection and interference statistics.

	Satellite constellation
	Type 1
	Type 2
	Type 3

	Satellite type
	GEO
	LEO
	LEO

	Satellite altitude [km]
	35786
	1200
	600

	Inclination angle ()
	0
	80
	85

	Number of orbits
	1
	9
	10

	Number of satellites per orbit 
	4
	18
	20

	Relative phase difference satellites in adjacent planes ()
	-
	10
	9

	Beam layout ()
	(5, 6, 1000km)

[image: ]

Nadir point: TBD
	(5, 6, 500km)

[image: ]

Nadir point: TBD
	(6, 7, 400km)
[image: ]
Nadir point: TBD




	Huawei
	Proposal 1:  For system-level simulation, start with single satellite based simulation without considering Inter-Satellite link.
Proposal 2: A constellation of satellites can be further considered if deemed necessary from interference evaluation perspective.
Observation 1: Full frequency reuse pattern is adopted in NR while frequency reuse pattern is usually employed for current satellite communication
Proposal 3: Both full frequency reuse pattern and N-factor frequency reuse pattern (e.g., 4-color frequency reuse) should be considered for NTN performance evaluation.
Proposal 4: Both 7-beam and 19-beam layout should be considered for system level simulation in NTN.


Figure 1. Different frequency reuse pattern: (a) full frequency reuse; (b) 4-color frequency reuse  


	ZTE
	Proposal 2: Layout of beam at satellite side defined by number of beams and bore-sight direction of each beam should be provided for system simulation.
	Exemplified layout defined in Table 5 can be considered as baseline
Proposal 3: Frequency reuse factor in a satellite should be determined in NTN system simulation.
[image: ][image: ]
(a) Top View                            (b) Side View
[bookmark: _Ref4618208]Figure 3 Illustration of layout of beams


	Ericsson
		Satellite orbit
	600 km height
	Geostationary orbit

	Number of satellites
	1
	1

	Satellite elevation *
	90 degrees 
	40 degrees

	Inter-spotbeam distance **
	100 km
	500 km

	Number of satellite spotbeams
	7
	7




	CATT
	
	Satellite orbit
	For LEO case, 1200km height, 
For GEO case, Geostationary orbit

	Number of satellites
	1 

	Number of beams per satellite
	8

	Beam frequency reuse factor
	4




	Intel
	Proposal 4: Frequency reuse can be considered for evaluation of NTN to minimize interference between neighbor cells

	ESA
	The beam radius have been reported in Table 2 and 3 of R1-1905216.
For LEO constellation, a single orbital plane with 3 satellite is sufficient for SLS evaluation.



Beam layout assumptions
Comments :
[Thales] Considering hexagonal coverage is a good starting point. Considering 19 beams layout seems mandatory if 4-color scheme scenarios are addressed in order to get a realistic interference level computation.
[Nokia] 19-beam-layout is the minimal for performance evaluation in NTN. In LEO, due to the relatively smaller satellite coverage, it is possible to evaluate the performance of all UEs within the geographical coverage of one satellite, especially when using the smaller satellite coverage, for example 10 orbits with 20 satellites per orbit. The beam layout can be obtained based on satellite constellation and beam diameter. However, in our understanding, it is unable to use 19-beam-layout for the coverage of one LTE satellite, and more beams will be needed.
Beam layout definition
· bore-sight direction + satellite position ?
· center of the beams on earth + satellite position ?
Comments :
[Nokia] Both bore-sight direction and center of beams on earth can be used to define beam layout. For example, bore-sight direction and center of beams on earth can be exchanged with earth other if satellite altitude is available. For simplification, we would like to suggest using center of the beams on earth to describe beam layout in specifications, and how to define bore-sight direction can be one implementation issue in simulation. 
[Ericsson]
An interbeam distance that defines a set of hexagonal cells with cell midpoints to where the bore-sight of the beams are pointed towards, along with the satellite position.
Potential agreement :
Frequency re-use factor ?
· Full frequency re-use scheme
· 4-color frequency re-use scheme
· Both
· Other
Comments :
[Nokia] Frequency re-use 1 should be baseline, and 4-color frequency re-use as optional.
[Ericsson] A range of  frequency reuse patterns should be investigated. 1-reuse should serve as base line. This is an important factor.
Should we consider that the beam layout is composed of beams served by the same satellite or several different satellites ? 
Comments :
[Thales] It can have a significant impact on the interference level if no coordination between the satellites and full frequency reuse scheme are assumed. However, it has less impact if a classic frequency re-use color scheme is applied since the satellite coordination will have little leverage on the interference level.
[bookmark: _Hlk5618066][Nokia] In LEO satellite, we would suggest using the beam layout, which can describe the beam layout of one satellite, and then reuse same beam layout for neighboring satellites. 
[Ericsson] We propose to first focus on the 1 satellite case with that satellite transmitting all simulated beams.
If the beams are served by several satellites, does it require reference constellations definitions ? If yes, how we do that?
Comments :
[Nokia] The reference constellation can be used for beam layout definition with the consideration of multiple satellites. Therefore, from our point of view, reference constellation will be needed in this case.
What about wrap around methodology ?
	Source
	Related Proposals & Observations

	ZTE
	Proposal 11: Wrap-around operation can be precluded in the simulation for NTN.

	Huawei
	However, single satellite simulation may be sufficient to evaluate the physical layer solutions and a wrap-around mechanism can be used to model inter-beam interference [3].

	Nokia
	Wrap-around is used to model inter-beam interference as mentioned by Huawei and should be considered in NTN no matter it is one or more satellites.

	Ericsson
	Wrap around should be modeled.



Comments :
Conclusions
Potential agreement #16 : Hexagonal coverage is considered for NTN beam layout.
Potential agreement #17: One option for beam layout definition should be selected :
Option 1 : Bore-sight direction w.r.t satellite position should be defined for each beam. The reasoning behind the bore-sight direction computation e.g. overlapping mitigation should be defined 
Option 2 : inter-beam distance should be defined. This option leads to higher beam overlapping for low elevation angle.
Potential agreement #18 : One option for frequency re-use factor definition should be selected :
	Option 1 : Full frequency re-use scheme for all scenarios and 4-color frequency re-use scheme is optional
	Option 2 : Full frequency re-use scheme and 4-color frequency re-use scheme for all scenarios
	Option 3 : FFS
Potential agreement #19 : Reference constellation definition for LEO/MEO scenarios is FFS
Potential agreement #20 : Wrapping around methodology definition is FFS
METRICS
Discussion
Metrics for System Level Simulations ?
	Source
	Related Proposals & Observations

	Nokia
	Proposal 20: Use horizontal UE positioning accuracy (5%, 50%, 80%) and vertical UE positioning accuracy (5%, 50%, 80%) as metric for performance evaluation of UE location.

Proposal 21: UE throughput (5%, 50%, 95%) and beam throughput (5%, 50%, 95%) can be used as performance metric for throughput evaluation in NTN. 

Proposal 22: Solutions for interference mitigation can be used for throughput evaluation in NTN.

	Huawei
	Two metrics can be used for calibration purpose if needed: Coupling loss and Geometry. Similar to typical NR evaluation, user perceived throughput (UPT) and packet delay can be used for the performance metric of NTN system level simulation. Other metrics can also be considered if it needed.

	Ericsson
	First focus on geometry and pathloss in calibrations.

Then, a list of metrics that shall be studied after the simulators have been calibrated: 
•	End-user throughput (e.g. 5%-percentile, 95%-percentile and average)
•	Mobility 
•	Latency
•	System capacity
The exact details of how these metrics are derived need to be discussed. A baseline assumption is to use typical 3GPP assumptions and adapt them to satellite when needed.
Proposal 10	RAN1 to agree on the metrics that shall be studied as well as how these metrics are derived.

	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.

	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
o	Consider system level simulations with full buffer or non-full buffer traffic model with number of UEs per cell and parameters of traffic model derived from the corresponding performance targets



Comments :
Conclusions
Potential agreement #21 : The metrics listed below should be evaluated for SLS. Other metrics can be added (FFS).
· Coupling loss
· Geometry
· SINR
· UE throughput (5%, 50%, 95%)	

Link budgets :
Discussion
Should we consider capturing LKB calculations methodology and results in the TR as a first priority ? why it will be useful  for the next of the work?
	Source
	Related Proposals & Observations

	Ericsson
	Link budget is one of the first questions that need to be addressed when designing a radio access system. A link budget considers all of the gains and losses from the transmitter, through the medium to the receiver in a telecommunication system. Link budget calculation can give important insights such as which physical channel may be limiting and where enhancements may be needed. So it is imperative for RAN1 to study the NTN link budget for the scenarios under consideration. To serve the purpose, important parameters such as noise figure, EIRP, antenna gains, etc. for both UE and satellite need to be agreed upon.
Proposal 5	RAN1 to study the NTN link budgets.

	Nokia
	Proposal 1: Capture the methodology for link budget calculation into TR 38.821.
Proposal 2: Consider GEO and LEO for link budget analysis, where the LEO altitudes include 600 km and 1200 km.
Proposal 3: Use AWGN model as baseline for link budget analysis. Which channel models in TR 38.811 and corresponding parameters should be used for link budget analysis can be FFS.
Proposal 4: Use simulation assumptions in Table X.Y-1, Table X.Y-2 and Table X.Y-3 for link budget analysis in NTN, taking into account target throughputs and given BLER targets.
Proposal 5: Capture simulation assumptions in Table X.Y-1, Table X.Y-2 and Table X.Y-3 into TR 38.821.

	Huawei
	Proposal 1: The upper limit of satellite EIRP for different scenarios should be discussed and determined.
Proposal 2: Capture the link budget analysis results in this contribution into TR.

	ZTE
	Proposal 1: Enhancements on transmission, e.g., MCS with lower target BLER, should be considered for NTN.



Comments :
[Thales] Yes. It is a first step towards an agreement on SLS assumptions.
Open issues that need to be discussed on LKB :
	Open issues
	Comments/Potential agreements

	Throughputs targets definition 
	[Thales] Methodology issue : should we define target throughputs and compute the expected satellite performance in terms of EIRP and G/T to achieve the targets OR should we agree on typical satellite performance and compute the expected throughputs ?  
[Nokia] It might be better to agree on typical satellite performance first and then compute the expected throughput.
[Ericsson] Agree with Nokia. We prefer to use 3GPP type of link budgets with eg G/T translated into antenna gain and NF.

	Channel model
	[Thales] AWGN
[Nokia] We prefer to use AWGN as baseline. However, to analyze the impact of BLER target, the link-level channel model in TR 38.811 will be needed because AWGN model is not enough to provide such analysis in our understanding.
[Ericsson] We prefer to agree on a typical TDL (CDL) model for evaluations. AWGN may serve as a reference.

	Polar loss
	[Thales] 3dB should be considered until more clarification on the subject
[Ericsson] For handheld devices a 3 dB loss per antenna port can be modelled.

	Allocated bandwidth for UL/DL
	[Nokia] We prefer same bandwidth for UL/DL, for example 400MHz for Ka band and 30MHz for S band as TR 38.821.
[Ericsson] We prefer same UL and DL system bandwidth.

	Terminal antenna temperature
	[Thales] For handheld terminal, different values have been provided => Huawei : 290 K ; ZTE : 864 K for 3GPP class 3
[Ericsson] We prefer to use T = 290 K and the let the NF determine the actual thermal noise power in dBm as N = 10log10(T*k*BW) + NF + 30 = -174 + 10log10(BW) + NF [dBm].
This implies that NF should take e.g. antenna directivity into account.

	C/I assumptions
	[Thales] Depend on the expected frequency re-use factor
[Ericsson] We propose to take the 5th percentile C/I from the calibration geometry CDF. 
As a baseline 1 frequency reuse can be assumed.

	Ionospheric scintillation loss
	[Nokia] The pathloss of ionospheric scintillation can be only applied for the carrier frequency below 6 GHz and neglected for other carrier frequencies. For S band, the ionospheric scintillation pathloss is related to latitude. It is fine to consider the ionospheric scintillation pathloss for S band if needed.
[Ericsson] Neglected for Ka band, and for S band due to low levels expected at “mid-latitude”.

	Shadowind Loss
	[Nokia] 0 dB for VSAT in Ka band and 3 dB for other.
[Ericsson] Follow the TR 38.811 methodology.

	Clear sky condition VS rain condition
	[Thales] If rain loss is considered, we should agree on a % of time targets
[Nokia] Clear sky condition as baseline and rain condition be optional in Ka band, for example additional 5dB for 20GHz and additional 9dB for 30GHz. 
[Ericsson] Clear sky.

	SNIR / MCS-CQI-Spectral efficiency Mapping
	[Thales] The mapping table should be link level simulation output
[Nokia] SINR/MCS mapping used in link budget analysis needs to be based on link level simulation.
[Ericsson] Based on link level performance.



How to progress  quickly to agree on common satellite performances (G/T, EIRP) and common methodology ?
Comments :
[Thales] e-mail discussion ? work on a co-sourced contributions about LKB ? ESA satellite performances seem to be the more realistic values.
[Nokia] It is fine to discuss link budget by e-mail with the co-sourced contribution about LKB as outcome.
[Ericsson] Email discussion is a good way forward. 
Conclusions
Potential agreement #22 : Capturing LKB calculations methodology and results in the TR should be considered as a first priority. Email discussion should be considered as a good way forward.



Link Level simulations :
DOPPLER PRE/POST COMPENSATION
Discussion
Should we assume Doppler pre/post compensation at the satellite side as the baseline for every scenario ? 
	Source
	Related Proposals & Observations

	ZTE
	Proposal 8: Pre-compensation of the Doppler shift due to the movement of satellite in beam level with the reference point at beam center should be considered into the simulation.
Proposal 9: For link level simulation, assumption with the worst condition should be considered as the baseline.

	Ericsson
	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.    

	Huawei
	Proposal 12: A maximum frequency offset value that reflects the typical NTN deployment scenarios should be determined for both regenerative and transparent cases.

	Thales
	Proposal 1 : The pre/post Doppler shift compensation mechanism at the satellite side discussed above should be assumed as a baseline for LEO/MEO NTN scenarios.
Proposal 2 : The maximal residual frequency error values due to both satellite and UE mobility presented in Table 1 should be captured in [3]  and assumed as a baseline in the system level and link level assumptions for LEO/MEO scenarios.
	Scenario
	Satellite altitude [km]
	Beam footprint diameter [km]
	UE velocity [km/h]
	Max Doppler shift residual error due to both satellite and UE mobility normalized by the carrier frequency [ppm]

	C & D
	600
	200
	1000
	+/-4,30

	C & D
	600
	200
	500
	+/-4,22

	C & D
	600
	200
	0
	+/-4,14

	C & D
	1200
	200
	1000
	+/-2,1

	C & D
	1200
	200
	500
	+/-2,05

	C & D
	1200
	200
	0
	+/-2,01




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

	 
	FR1
	FR2

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	As in TR 38.811 [3]

	Subcarrier Spacing(s)
	15 kHz
	120 kHz

	SNR Range
	> -6 dB
	> -6 dB

	Number of Antenna
	1TX, 1RX
	1TX, 1RX

	Moving Speed
	GEO: 0km/s, LEO: 8 km/s
	GEO: 0km/s, LEO: 8 km/s

	Interference model
	Scenario 1: no interference
	Scenario 1: no interference

	Initial Frequency Offset

	TX: Uniform within [-0.05, 0.05] ppm 
RX: Uniform within [-5, 5] ppm 




	Nokia
	The impact of this pre-compensation should be evaluated at link level and if there is need for and error mode at system level can be discussed after that.



Comments :
[Thales] We support this proposal. Note that some TDocs submitted in other agenda item also addressed pre/post Doppler compensation.
Conclusions :
Potential agreement #23 : The pre/post Doppler compensation mechanism at the satellite payload side should be considered as the baseline for LLS. Worst values based on this assumption should be captured in the TR.
SATELLITE IMPAIRMENTS
Discussion
The impairments introduced by the satellite payload i.e. intermodulation noise due to non-linear amplifier and phase noise should be included in the link level simulation.
Comments :
[Thales] Contribution form ESA provides some inputs for both Ka and S band.
Conclusions
Potential agreement #24 : The following impairments due to the satellite payload should be considered for LLS :
1) Additional phase noise due to satellite payload. Typical values for both S-band and Ka-band should be provided.
 2) Additional frequency error due to satellite clock free-run. Typical values should be provided.
3) Additional intermodulation noise due to non-linear power amplifier should be considered. Typical models and back-off values should be provided.
DUPLEX MODE
Discussion
Do we want to prioritize FDD mode in disfavor of TDD duplex mode in SLS ? 
	Source
	Related Proposals & Observations

	Huawei
	FDD for Link Level Simulation 

	Ericsson
	FDD for Link Level Simulation

	Nokia
	FDD for link level simulation.



Comments :
Conclusions
Potential agreement #25 : FDD duplex mode should be considered as the baseline for LLS
METRICS
PRACH
Discussion
What metrics should be considered for Link Level Simulation for PRACH ?
	Source
	Related Proposals & Observations

	Nokia
	Mandatory: 
Provide minimum required SNR to achieve 1% missed detection.
Plot observed missed detection probability as function of SNR. It is suggested to have an SNR range to cover missed detection from at least 10-4 to around 1 (Fig. 4.3-1)

Optional:
	Plot False alarm probability as function of SNR (Fig. 4.3-2)
	Plot CDF of timing estimation error at minimum required SNR for 0.1 % missed detection rate (Fig. 4.3-3)

	Huawei
	The following performance metrics should be reported:
•	PRACH detection rate 
•	FAR detection rate

	Ericsson
	PRACH SINR vs MDR and FAR to be reported.



Comments :
Conclusions
Potential agreement #26 : The following metrics should be evaluated for PRACH LLS. Other metrics can be defined as optional
· Minimum required SNR to achieve 1% missed detection.
· Missed detection probability as function of SNR
Other
Discussions

	Source
	Related Proposals & Observations

	Intel
	•	Consider link level simulations for evaluation of impact, issues, potential solutions and enhancements for timing advance (TA), RACH procedure, physical layer control procedures (CSI feedback and UL power control), HARQ operation
o	Strive to reduce the number of considered scenarios by considering scenarios with worst-case parameters

	ETRI
	Proposal 1.	The following parameters can be considered for HARQ evaluation.
•	Performance metric
	e.g. PRR
•	Number of retransmission and combining
	e.g. n (blind) retransmission, redundancy version
•	TX (diversity) scheme 
•	Channel estimation
•	UE receiver algorithm
	e.g. MMSE-IRC



Conclusions
Potential agreement #27 : Metrics to be evaluated for LLS aside from PRACH LLS are FFS.

Conclusions
Potential agreements on System Level Assumptions : 
Potential agreement #1 : For throughput evaluation, the static simulation approach is preferred w.r.t to dynamic simulation approach. A description of the channel parameters considered static should be defined.
Potential agreement #1bis : Fixed satellite and UE position can be assumed during the SLS run time and for throughput evaluation.
Potential agreement #2 : For other metrics evaluation, it is FFS.
Potential agreement #3 : A, C2, D2 NTN scenarios for both S-Band and Ka-Band should be prioritized for RAN1 NTN Evaluation. It is up to the companies to study other configuration scenarios. Further ranking among these configuration scenarios can be considered in the course of the study.
Potential agreement #4 : The feeder link is considered ideal except for additional delay which should be considered for both system level and link level simulations
Potential agreement #4 : Typical impairments values (additional frequency error, SNR loss) due to the feeder link can be considered when available. For the time being these impairments values can be considered negligible except for the delay.
Potential agreement #5 :  Additional frequency error due to uncompensated Doppler on the feeder link is considered negligible.
Potential agreement #6 :  SNR loss due to the feeder link budget is considered negligible.
Potential agreement #5 : For calibration, rural is mandatory. It is up to the companies to provide additional deployment scenario results.
Potential agreement #6 : For performance evaluation, One among the 2 following options should be selected :
option 1 :Rural, Dense Urban are mandatory. Companies are encouraged to provide additional scenario results.
option 2 : Rural is the baseline. Companies are encouraged to provide additional scenario results. Consider additional baseline scenarios is FFS.
Potential agreement #7 : The frequency selective channel model should be considered for all deployment scenarios.
Potential agreement #8 : 100% outdoor distribution should be considered for NTN evaluation.
Potential agreement #9 : Several UE density values should be considered for NTN evaluation. 10 UEs per satellite beam can be considered as a starting point.
Option 1 : X UEs per beam with uniform distribution in all the beams
Option 2 : Different values may need to be defined based on the elevation variation inside the beam coverage to ensure accurate results.
Potential agreement #10 : Adopt the following table to define which kind of terminal should be assumed in each NTN scenario : The optional configurations is FFS.
	Frequency band
	Scenario
	VSAT
	Phase –array for handheld
	Phase-array for others (Note 2)

	
	
	YES
	NO
	YES
	NO
	YES
	NO

	< 6 GHz (S-Band)

	A (GEO – transparent)
	
	X
	X
	
	X
	

	
	C2 (LEO – transparent – moving beams)
	
	X
	X
	
	X
	

	
	D2 (LEO – regenerative – moving beams)
	
	X
	X
	
	X
	

	> 6 GHz (Ka-Band)
	A (GEO – transparent)
	X
	
	
	X
	X
	

	
	C2 (LEO – transparent – moving beams)
	X
	
	
	X
	X
	

	
	D2 (LEO – regenerative – moving beams)
	X
	
	
	X
	X
	


Note 1 : X : optional (FFS)
Note 2 : Moving platforms (aircrafts, vessels), building mounted device
Potential agreement #11 : Adopt the following table to define which mobility study cases should be assumed in each NTN scenario : The optional configurations is FFS. The velocity cases distribution if several assumptions are considered in the same simulation is FFS.
	Frequency band
	Scenario
	VSAT
	Phase –array for handheld
	Phase-array for others 

	
	
	Velocity assumptions
	Velocity assumptions
	Velocity assumptions

	< 6 GHz (S-Band)

	A (GEO – transparent)
	-
	3km/h; 30 km/h
	1000 km/h ; 500 km/h ; 120 km/h

	
	C2 (LEO – transparent – moving beams)
	-
	3km/h; 30 km/h
	1000 km/h ; 500 km/h ; 120 km/h

	
	D2 (LEO – regenerative – moving beams)
	-
	3km/h; 30 km/h
	1000 km/h ; 500 km/h ; 120 km/h

	> 6 GHz (Ka-Band)
	A (GEO – transparent)
	0 km/h
	-
	1000 km/h ; 500 km/h ; 120 km/h

	
	C2 (LEO – transparent – moving beams)
	0 km/h
	-
	1000 km/h ; 500 km/h ; 120 km/h

	
	D2 (LEO – regenerative – moving beams)
	0 km/h
	-
	1000 km/h 500 km/h ; 120 km/h 


X : optional (FFS)
Potential agreement #12 : Adopt the following table to define which antenna configuration (N TX/M RX) should be assumed for phase array devices in each NTN scenario : The configuration definition is FFS.
	Frequency band
	Scenario
	Phase –array for handheld
	Phase-array for others 

	
	
	conf
	conf

	< 6 GHz (S-Band)

	A (GEO – transparent)
	TBD
	TBD

	
	C2 (LEO – transparent – moving beams)
	TBD
	TBD

	
	D2 (LEO – regenerative – moving beams)
	TBD
	TBD

	> 6 GHz (Ka-Band)
	A (GEO – transparent)
	-
	TBD

	
	C2 (LEO – transparent – moving beams)
	-
	TBD

	
	D2 (LEO – regenerative – moving beams)
	-
	TBD



Potential agreement #13 : UE attachment definition is FFS
Potential agreement #14 : H.O margin definition is FFS
Potential agreement #15 : Several sets of values should be considered for satellite payload characteristics (i.e. EIRP density, G/T, antenna diameter).
Set 1 : Adopt the table provided by ESA in R1-1905216
Set 2 : Table with larger beam size values is FFS. Companies are invited to provide such satellite payload characteristics.
Potential agreement #16 : At least hexagonal beam layout is considered for NTN. In such case, inter beam distance in the UV space can be considered.
Potential agreement #17: One option for beam layout definition should be selected :
Option 1 : Bore-sight direction w.r.t satellite position should be defined for each beam. The reasoning behind the bore-sight direction computation e.g. overlapping mitigation should be defined 
Option 2 : inter-beam distance should be defined. This option leads to higher beam overlapping for low elevation angle.
Potential agreement #17 : The two tables defining system level simulation parameters provided in Annex A should be considered as the baseline.

Potential agreement #18 : One option for frequency re-use factor definition should be selected for SLS:
	Option 1 : Full frequency re-use scheme for all scenarios and 4-color frequency re-use scheme is optional
	Option 2 : Full frequency re-use scheme and 4-color frequency re-use scheme for all scenarios
	Option 3 : FFS
Potential agreement #19 : Reference constellation definition for LEO/MEO scenarios is FFS
Potential agreement #20 : Wrapping around methodology definition is FFS
Potential agreement #21 : The metrics listed below should be evaluated for SLS. Other metrics can be added (FFS).
· Coupling loss
· Geometry
· SINR
· UE throughput (5%, 50%, 95%)	
Potential agreements on Link Budgets assumptions :
Potential agreement #22 : Capturing LKB calculations methodology and results in the TR should be considered as a first priority. Email discussion should be considered as a good way forward.
Potential agreements on Link Level Simulation assumptions :
Potential agreement #23 : The pre/post Doppler compensation mechanism at the satellite payload side should be considered as the baseline for LLS. Worst values based on this assumption should be captured in the TR.
Potential agreement #24 : The following impairments due to the satellite payload should be considered for LLS :
1) Additional phase noise due to satellite payload. Typical values for both S-band and Ka-band should be provided.
 2) Additional frequency error due to satellite clock free-run. Typical values should be provided.
3) Additional intermodulation noise due to non-linear power amplifier should be considered. Typical models and back-off values should be provided.
Potential agreement #25 : FDD duplex mode should be considered as the baseline for LLS
Potential agreement #26 : The following metrics should be evaluated for PRACH LLS. Other metrics can be defined as optional
· Minimum required SNR to achieve 1% missed detection.
· Missed detection probability as function of SNR
Potential agreement #27 : Metrics to be evaluated for LLS aside from PRACH LLS are FFS.
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Annex A – System Level Simulation parameters
Table A-1 : System Level Simulation parameters for configuration scenario A

	Configuration scenario
	A (GEO – transparent) (Note 1)

	Frequency band
	S-band / Ka- Band

	Maximum Bandwidth per beam (DL + UL)
	S-band : FFS
Ka band : FFS

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	Set 1 : Table 2 and 3 from Annex B
Set 2 : FFS

	Satellite antenna pattern
	TR 38.811 section 6.4.1 Bessel function

	Satellite polarization configuration
	FFS

	Beam layout
	FFS. At least a hexagonal beam layout is considered for NTN evaluations.

	Number of beams
	FFS

	Frequency re-use factor
	FFS

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

	Fast fading model
	Frequency selective channel model

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	X=10 UEs per beam with uniform distribution in all the beams should be considered for NTN evaluation. 
•	FFS: Other values of X

	UE configuration
	S-band :
· Handheld (optional)
· Others (Note 2) (optional) 
Ka-band :
· VSAT
· Others (Note 2) (optional)

	UE orientation
	VSAT: Ideal Tracking serving beam;
Handheld: Random
Others (Note 2) : FFS

	UE antenna and polarization configurations
	S-band :
· Handheld : FFS
· Others (Note 2) : FFS
Ka-band :
· VSAT : FFS
· Others (Note 2) : FFS

	UE antenna noise figure, antenna temperature, G/T
	S-band :
· Handheld : FFS
· Others (Note 2) : FFS
Ka-band :
· VSAT : FFS
· Others (Note 2) : FFS

	Handover Margin
	FFS

	UE attachment
	FFS

	Receiver
	FFS

	CSI reference signals configuration
	FFS

	Scheduler
	FFS

	Traffic model
	FFS

	Metrics for calibration
	Base line : Coupling loss, Geometry
Optional : FFS

	Metrics for performance evaluation
	Base line : UE throughput (5%, 50%, 95%)	
Optional : FFS



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.
Note 2 : Moving platforms (e.g., aircrafts, vessels), building mounted device.


Table A-2 : System Level Simulation parameters for configuration scenarios C2/D2

	Cases
	C-1

	Configuration scenario
	C2 (LEO – transparent – moving beams) (Note 1) / D2 (LEO – regenerative – moving beams)

	Frequency - Band
	S-band / Ka- Band

	Maximum Bandwidth per beam (DL + UL)
	S-band : FFS
Ka band : FFS

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	Set 1 : Table 2 and 3 from Annex B
Set 2 : FFS

	Satellite antenna pattern
	TR 38.811 section 6.4.1 Bessel function

	Satellite polarization configuration
	FFS

	Beam layout
	FFS. At least a hexagonal beam layout is considered for NTN evaluations.

	Number of beams
	FFS

	Frequency re-use factor
	FFS

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

	Fast fading model
	Frequency selective channel model

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	X=10 UEs per beam with uniform distribution in all the beams should be considered for NTN evaluation. 
•	FFS: Other values of X

	UE configuration
	S-band :
· Handheld 
· Others (Note 2) (optional)
Ka-band :
· VSAT
· Others (Note 2)

	UE orientation
	VSAT: Ideal Tracking serving beam;
Handheld: Random
Others (Note 2) : FFS

	UE antenna and polarization configurations
	S-band :
· Handheld : FFS
· Others (Note 2) : FFS
Ka-band :
· VSAT : FFS
· Others (Note 2) : FFS

	UE antenna noise figure, antenna temperature, G/T
	S-band :
· Handheld : FFS
· Others (Note 2) : FFS
Ka-band :
· VSAT : FFS
· Others (Note 2) : FFS

	Handover Margin
	FFS

	UE attachment
	FFS

	Receiver
	FFS

	CSI reference signals configuration
	FFS

	Scheduler
	FFS

	Traffic model
	FFS

	Metrics for calibration
	Base line : Coupling loss, Geometry
Optional : FFS

	Metrics for performance evaluation
	Base line : UE throughput (5%, 50%, 95%)	
Optional : FFS



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.
Note 2 : Moving platforms (e.g., aircrafts, vessels), building mounted device.
[bookmark: _Ref2158016]Annex B – Satellite characteristics from R1-1905216   
Table 2: Example of satellite parameters and payload characteristics for downlink transmissions
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

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

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

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

	Satellite beam diameter
	
	300 km
	150 km
	70 km

	Max Satellite Doppler shift (Note 2)
	
	up to 300 Hz
[ ~ 0.15 ppm]
	40 kHz
[ 20 ppm]
	48 kHz
[ 24 ppm]

	Max Satellite Doppler rate (Note 2)
	
	N/A
	180 Hz/s
[ 0.09 ppm/s]
	544 Hz/s
[ 0.27 ppm/s]

	Satellite amplifier
	
	Table 9 in Annex 2
	Table 9 in Annex 2
	Table 9 in Annex 2

	Satellite phase noise
	
	Table 6 in Annex 1
	Table 6 in Annex 1
	Table 6 in Annex 1

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

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

	Satellite beam diameter
	
	130 km
	40 km
	20 km

	Max Satellite Doppler shift (Note 2)
	
	Up to 3 kHz
[ ~ 0.15 ppm]
	400 kHz
[ 20 ppm]
	480 kHz
[ 24 ppm]

	Max Satellite Doppler rate (Note 2)
	
	N/A
	1.80 kHz
[ 0.09 ppm/s]
	5.44 kHz
[ 0.27 ppm/s]

	Satellite amplifier
	
	Table 8 in Annex 2
	Table 9 in Annex 2
	Table 9 in Annex 2

	Satellite phase noise
	
	Table 7 in Annex 1
	Table 7 in Annex 1
	Table 7 in Annex 1

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of [7].
Note 2: These values (Doppler shift and Doppler rate) refer to the scenario without pre-compensation at the transmitter side.


[bookmark: _Ref2177764]
Table 3: Example of satellite parameters and payload characteristics for uplink transmissions
	Parameters/Scenarios
	GEO
	LEO-1200
	LEO-600

	Satellite amplifier
	N/A
(linear region)
	N/A
(linear region)
	N/A
(linear region)

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

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

	Max Satellite Doppler shift
(Note 2)
	
	up to 300 Hz
[ ~ 0.15 ppm]
	40 kHz
[ 20 ppm]
	48 kHz
[ 24 ppm]

	Max Satellite Doppler rate (Note 2)
	
	N/A
	180 Hz/s
[ 0.09 ppm/s]
	544 Hz/s
[ 0.27 ppm/s]

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

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

	Max Satellite Doppler shift (Note 2)
	
	N/A
	600 kHz
[ 20 ppm]
	720 kHz
[ 24 ppm]

	Max Satellite Doppler rate (Note 2)
	
	N/A
	2.7 kHz
[ 0.09 ppm/s]
	8.16 kHz
[ 0.27 ppm/s]

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of [7].
Note 2: These values (Doppler shift and Doppler rate) refer to the scenario without pre-compensation at the transmitter side.
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