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1 Introduction
A new Study Item (SI) on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting [2] and RAN#83 meeting [3] with the considered scenarios of transparent GEO satellite and transparent/regenerative LEO satellite (moving beam on earth) for pedestrian UEs and on board vehicle UEs in NTN. The objectives of this SI for physical layer are as follows.
· Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
· Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In this contribution, we shared our views on link-level and system-level performance evaluation in NTN for this SI in terms of scenarios, performance requirements and simulation assumptions.
2 Scenarios
The NTN scenarios have been discussed in RAN WG#2 and WG#3 and included in TR38.821 [5]. Table 2-1 shows a summary of the reference scenarios in TR 38.821. The scenarios in the newest SID for this SI include scenarios A, C2 and D2. Therefore, it is proposed to use scenarios A, C2 and D2 as baseline in RAN WG#1 performance studies. The scenarios have to be associated with the corresponding NTN channel models [6].
Table 2-1 NTN reference scenarios with additional parameters in [5].
	NTN reference scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35 786 km
	600 km



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.
The email discussions in RAN WG#2 (NTN#53) [12] aimed to select the use cases to be studied, such as: i) Pedestrian/stationary UE (eMBB), ii) Stationary relay UE (eMBB) or iii) Vehicular relay (up to 1000km/h) UE (eMBB). Based on these discussions, we propose that the baseline NTN scenarios in Table 2-1 are combined with a set of reference use cases as listed in Table 2-2. It must be noted that these combinations are proposed as reference (minimum set of) evaluation cases and any study and evaluation of additional use cases is left optional. 
Proposal 2: Use the NTN reference scenarios and reference use cases defined in Table 2-2 for performance studies in RAN1.
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)



3 Requirements
3.1 Random Access
PRACH detection requirement evaluation shall follow the methodology in 8.4 and 11.4 of [15]. The time error tolerance for different SCS shall be the same as provided in Tables 8.4.2.1-1 and 11.4.2.1-1 of [15]. Table 3.1-1 provides the proposed timing estimation errors for AWGN and NTN TDL-B300-100 and NTN TDL-B30-300. The table does not contain potentially new SCS values and preamble formats for FR1 and FR2.
Table 3.1-1 Timing estimation error tolerance.
	Preamble Format
	SCS [kHz]
	Time error tolerance

	
	
	FR1
	FR2

	
	
	AWGN
	NTN TDL-B300-100
	AWGN
	NTN TDL-B30-300

	0
	1.25
	1.04 s
	2.55 s
	n.a.
	n.a.

	C2
	15
	0.52 s
	2.03 s
	n.a.
	n.a.

	C2
	30
	0.26 s
	1.77 s
	n.a.
	n.a.

	C2
	60
	n.a.
	n.a.
	0.13 s
	0.28 s

	C2
	120
	n.a.
	n.a.
	0.07 s
	0.22 s



Table 3.1-2 summarizes the channel profiles that shall be used in performance requirement tests.
Table 3.1-2 Channel model parameters for FR1 and FR2.
	Combination Name
	Channel Model
	Spectrum
	Delay Spread
	max. excess tap delay (span)
	max. Doppler Frequency
	Delay resolution

	NTN TDL-B300-100
	NTN TDL-B
	FR1
	300 ns
	 2595 ns
	+/-100 Hz
	5 ns

	NTN TDL-B30-300
	NTN TDL-B
	FR2
	30 ns
	 290 ns
	+/-300 Hz
	5 ns



The test preambles follow Table A.6-1 and A.6-2 of [15]. Detailed preamble configurations are given in Table 3.1-3.
Table 3.1-3 Test preamble formats.
	Preamble Format
	SCS [kHz]
	N_CS
	Logical Sequence Index

	0
	1.25
	13
	22

	C2
	15
	23
	0

	C2
	30
	46
	0

	C2
	60
	69
	0

	C2
	120
	69
	0



Minimum required SNR values for at least 99% detection probability of are provided in Table 3.1-4 (FR1) and Table 3.1-5 (FR2):
Table 3.1-4 Minimum required SNR for FR1.
	
	
	
	
	
	SNR [dB]

	Number Tx Antenna
	Rx Antenna
	Propagation Conditions
	Frequency Offset [Hz]
	Format
	SCS = 1.25 kHz
	SCS = 15 kHz
	SCS = 
30 kHz

	1
	VSAT 
(Radius = 
0.32m)
	AWGN
	0
	0
	TBD
	n.a.
	n.a.

	
	
	NTN 
TDL-B300-100
	+/- 400
	
	TBD
	n.a.
	n.a.

	
	
	AWGN
	0
	C2
	n.a.
	TBD
	TBD

	
	
	NTN 
TDL-B300-100
	+/- 400
	
	n.a.
	TBD
	TBD



Table 3.1-5 Minimum required SNR for FR2.
	 
	 
	 
	 
	 
	SNR [dB]

	Number Tx Antenna
	Rx Antenna
	Propagation Conditions
	Frequency Offset [Hz]
	Format
	SCS = 
60 kHz
	SCS = 120 kHz

	1
	VSAT 
(Radius = 
0.032m)
	AWGN
	0
	C2
	TBD
	TBD

	
	
	NTN TDL-B30-300
	+/- 4000
	
	TBD
	TBD



Proposal 3: Discussion on performance requirements for PRACH based on proposed assumptions and methodology.
3.2 Mobility
The radio mobility issues have been discussed in RAN WG#2 and the agreements are captured in [13]. The need for both IDLE mode and ACTIVE mode mobility enhancements have been identified. The main mobility performance requirements are the enhancements for: reduced hand-over failure rates, reduced radio link failure rates, and cell (re-)selection. Service continuity between terrestrial networks (TN) and NTN is also to be addressed in RAN WG#2, and it requires definition of dedicated evaluation scenario(s), such as proposed in [14]. The mobility enhancements are to be studied in RAN WG#2, ideally, using a (relevant) subset of the reference scenarios listed Table 2-2. 
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.
4 Simulation Assumptions 
4.1 Link budget analysis
The link-level channel model in TR 38.811 includes NTN-CDL-A, NTN-CDL-B, NTN-CDL-C, NTN-CDL-D, NTN-TDL-A, NTN-TDL-B, NTN-TDL-C, NTN-TDL-D, where NTN-CDL-A and NTN-CDL-B are constructed for NLOS, NTN-CDL-C and NTN-CDL-D are constructed for LOS, TDL models are filtered from CDL models for simplified evaluation, e.g., for non-MIMO elevation. Which channel models in TR 38.811 and corresponding parameters should be used for link budget analysis can be FFS. For comparison, AWGN model can be used as baseline.
Proposal 5: 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.
Table X.Y-1, Table X.Y-2 and Table X.Y-3 in Annex B provide the simulation assumptions for link budget analysis, where the target throughputs for link budget analysis can be FFS with the consideration of satellite performance and given BLER targets.
Proposal 6: [bookmark: _Hlk4811125]Use simulation assumptions in Table X.Y-1, Table X.Y-2 and Table X.Y-3 in Annex B for link budget analysis in NTN, taking into account target throughputs and given BLER targets.
4.2 Calibration
The new channel models defined for NTN in TR 38.811 include large-scale channel model and fast fading channel model in rural, suburban, urban and dense urban scenarios with same large-scale parameter configurations for rural and suburban scenarios. Therefore, in the large-scale channel model calibration, the evaluation scenarios should include rural, suburban, urban and dense urban but use same configuration and results for rural and suburban scenarios.
Proposal 7: The calibration scenarios should include rural, suburban, urban and dense urban but use same configurations and results for rural and suburban scenarios. 
Inclination satellite constellation is generally used as LEO satellite constellation and also can be used for GEO satellite constellation. Therefore, it is proposed to use inclination satellite constellation in this SI. Additionally, even using same beam layout for each satellite, active beam layout for each LEO satellite might be changed due to satellite motion to void strong interference especially in high latitude area. However, it is an implementation issue how to active beams based on satellite position. Therefore, it is suggested to focus on partial geographical area for simulation platform calibration and following system-level evaluation. 
Proposal 8: Use inclination satellite constellation and focus on partial geographical area for simulation platform calibration and following system-level evaluation. 
[bookmark: _Hlk4531440]The detailed parameters for satellite, beam and UE deployments can be based on Table 4.2-1 For LEO satellite, UEs are uniformly distributed in geographical beam coverage of main satellite for evaluation purpose. The neighbor satellites, which are visible by these UEs, will be involved for performance statistics, including serving beam selection and interference statistics. For GEO satellite, UEs are uniformly distributed in geographical coverage of given beam pattern of main satellite with the consideration of big coverage of each GEO satellite and simulation complexity. The neighbor beams, which might leak interference to these UEs, will be involved for performance statistics, including serving beam selection and interference statistics.
[bookmark: _Ref4256008]Table 4.2-1 Parameters for inclination satellite constellation.
	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

	Main satellite position
	(42157,0,0) km
	(7571,0,0) km
	(6971,0,0) km

	UE deployment
	[bookmark: _Hlk4531169]Uniform distribution in geographical coverage of given beam pattern of main satellite
	Uniform distribution in geographical beam coverage of main satellite
	Uniform distribution in geographical beam coverage of main satellite


Note:  is beam diameter. 
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. 
The large-scale channel model part includes LOS probability, free space path loss, atmospheric absorption loss, rain and cloud attenuation loss, ionospheric/tropospheric scintillation loss, O2I penetration loss, and shadow fading but not all appear simultaneously. Atmospheric absorption loss may be neglected at frequencies below 10 GHz normally but is recommended for calculation in the case of the elevation angles below 10 degrees. TR 38.811 provides the baseline method for atmospheric absorption loss in system level simulation. Therefore, it is recommended to calculate the atmospheric absorption loss for large-scale channel model calibration in Ka band but neglect in S band with 10 as the minimal elevation angle configuration. 
Proposal 12: Calculate atmospheric absorption loss for calibration in Ka band but neglect it in S band with 10 as the minimal elevation angle configuration. 
The path loss due to rain and cloud attenuation is location specific and can be neglected for the frequencies below 6 GHz [3]. As mentioned in TR 38.811, the baseline for system-level simulation is to consider the clear sky conditions only. Therefore, it is recommended to neglect the path loss due to rain and cloud attenuation in calibration. 
Proposal 13: It is recommended to consider clear sky condition as baseline in calibration and neglect the path loss due to rain and cloud attenuation. 
The pathloss of ionospheric scintillation can be only applied for the carrier frequency below 6 GHz and neglected for other carrier frequencies. For the carrier frequency below 6 GHz, the ionospheric scintillation pathloss can be obtained by Equation (6.6-13) in TR 38.811 for the latitudes within ±20, is zero for the latitudes between ±20 and ±60, and equals 12.02 dB for other latitudes. The peak-to-peak amplitude fluctuations in Equation (6.6-13) for path loss calculation can be obtained by the amplitude index . Therefore, for simplification, it is proposed to provide the detailed value for  in the simulation assumptions if the latitude is possible within ±20 and moreover the carrier frequency is below 6GHz. 
Proposal 14: The value of amplitude index  should be given in the simulation assumptions if the latitude is possible within ±20 and moreover the carrier frequency is below 6GHz. 
Table 4.2-1 provides the simulation assumptions for calibration with more details about beam layout in Table 4.1.
Proposal 15: Use simulation assumptions in Table 4.2-2 for calibration with more details about beam layout in Table 4.2-1. 
Table 4.2-2 Simulation assumptions for calibration.
	Scenario
	1-1: Dense urban
1-2: Urban
1-3: Suburban/Rural
	2-1: Dense urban
2-2: Urban
2-3: Suburban/Rural
	3-1: Dense urban
3-2: Urban
3-3: Suburban/Rural
	4-1: Dense urban
4-2: Urban
4-3: Suburban/Rural
	5-1: Dense urban
5-2: Urban
5-3: Suburban/Rural
	6-1: Dense urban
6-2: Urban
6-3: Suburban/Rural

	Satellite type
	GEO
	GEO
	LEO
	LEO
	LEO
	LEO

	Band
	Ka band
	S band
	Ka band
	S band
	Ka band
	S band

	Carrier frequency
	20 GHz
	2 GHz
	20 GHz
	2 GHz
	20 GHz
	2 GHz

	Bandwidth
	400 MHz
	30 MHz
	400 MHz
	30 MHz
	400 MHz
	30 MHz

	Satellite constellation
	Inclination
	Inclination
	Inclination
	Inclination
	Inclination
	Inclination

	Satellite altitude
	35786 km
	35786 km
	1200 km
	1200 km
	600 km
	600 km

	Inclination angle
	0
	0
	80
	80
	85
	85

	Number of orbits
	1
	1
	9
	9
	10
	10

	Number of satellites per orbit 
	4
	4
	18
	18
	20
	20

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

	Beam layout ()
	(5,6,1000km)
	(5,6,1000km)
	(5, 6, 500km)
	(5, 6, 500km)
	(6, 7, 400km)
	(6, 7, 400km)

	Main satellite position
	(42157,0,0) km
	(42157,0,0) km
	(7571,0,0) km
	(7571,0,0) km
	(6971,0,0) km
	(6971,0,0) km

	Terminal distribution
	GEO: 100% outdoor, uniform distribution in geographical coverage of given beam pattern of main satellite
LEO: 100% outdoor, uniform distribution in geographical beam coverage of main satellite

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811

	Satellite antenna radius
	[60] cm
	[360] cm
	[24] cm
	[30] cm
	[24] cm
	[24] cm

	Satellite EIRP
	[66] dBW
	[66] dBW
	[43] dBW
	[43] dBW
	[36] dBW
	[36] dBW

	Terminal antenna type
	VSAT
	Omni antenna
	VSAT
	Omni antenna
	VSAT
	Omni antenna

	Terminal receive antenna gain
	39.7 dBi
	0 dBi
	39.7 dBi
	0 dBi
	39.7 dBi
	0 dBi

	Terminal noise figure
	1.2 dB
	6 dB
	1.2 dB
	6 dB
	1.2 dB
	6 dB

	Atmospheric loss
	Mandatory
	Negligible
	Mandatory
	Negligible
	Mandatory
	Negligible

	Tropospheric scintillation
	Mandatory
	Negligible
	Mandatory
	Negligible
	Mandatory
	Negligible

	Ionospheric scintillation
	Negligible
	Mandatory
( if latitude is within ±20)
	Negligible
	Mandatory
( if latitude is within ±20)
	Negligible
	Mandatory
( if latitude is within ±20)

	Rain and cloud loss
	Negligible
	Negligible
	Negligible
	Negligible
	Negligible
	Negligible

	Handover margin
	[2] dB
	[2] dB
	[2] dB
	[2] dB
	[2] dB
	[2] dB

	Large-scale channel
	Section 6.6 of TR 38.811

	Fast fading channel
	Fast fading channel is not modelled

	Metric
	1) Coupling loss – serving beam

	
	2) Geometry with interference from neighbouring beams


Note: 
·  is beam diameter. 
· LEO: The neighbour satellites, which is visible by one UE, will be involved for this UE’s performance statistics, including serving beam selection and interference statistics.
· GEO: The neighbor beams, which might leak interference to these UEs, will be involved for performance statistics, including serving beam selection and interference statistics.
4.3 PRACH
4.3.1 Link-level Simulation Assumptions
Table 4.3 provides the link-level simulation assumptions for PRACH and can be used for PRACH performance evaluation in NTN. 
Proposal 16: Use link-level simulation assumptions in Table 4.3 for PRACH performance evaluation in NTN. 

Table 4.3 Link-level simulation assumptions for PRACH.
	Parameter
	Configuration

	Satellite
	LEO
	GEO

	Satellite height above earth (informative)
	600 km 
	35786 km

	Scenario
	Single cell, single mobile

	Carrier Frequency
	2, 20 GHz

	Channel Model
	AWGN, NTN-CDL-A, NTN-CDL-C [10]

	Delay Scaling
	2 GHz: 250 ns
20 GHz: 30 ns
(see 7.3.5.2.2 of [3])

	Channel Angle Spread Scaling
	ASDesired = ASModel

	Channel Mean Angle Scaling
	Satellite: AOD and ZOD provided by model
Mobile: AOA uniformly distributed in range [-180°,+180°] and ZOA provided by model  

	Elevation Angle Scaling
	Uniformly distributed [80°,90°] [10] (distribution is consistent with mobiles located within area with approx. 200 km beam diameter and satellite 600 km above ground)
	Uniformly distributed [89°,90°] [10] (distribution is consistent with mobiles located within area with approx. 1000 km beam diameter and satellite 35786 km above ground)

	Satellite Antenna Pattern
	[4]

	Satellite Antenna Radius
	2 GHz: 0.32 m
20 GHz: 0.032 m
	2 GHz: 4.8 m
20 GHz: 0.48 m

	Satellite Antenna Orientation
	, °, °

	Satellite Center Frequency Offset
	0.05 ppm

	Satellite Speed
	7561 m/s
	0 m/s

	Satellite Movement Direction
	Along x-axis

	Satellite preamble detection
	Each company should provide details on used algorithm and used accumulation over repetition symbols (coherent or non-coherent combining)

	Mobile Antenna Pattern
	2 GHz + 20 GHz: (1,1,1) omni directional
20 GHz: VSAT

	Mobile Antenna Orientation
	omni directional:  uniformly distributed [0,360°], °
, °
VSAT: Antenna maximum gain direction points towards strongest cluster

	Mobile Movement Direction
	Uniformly distributed [0,360°]

	Mobile Center Frequency Offset
	0.1 ppm

	Mobile Speed
	3, 120, 500, 1000 km/h

	Mobile Power Control
	Ideal power control in frequency domain

	Preamble format
	Each company provides details on configuration (i.e. format, SCS, N_CS etc). New formats are not precluded. Preferred Format is C2 with =0 and N_CS=0.

	Initial timing offset
	Assume precompensation in delay. Initial timing offset is uniformly distributed [0, TOmax], where TOmax is the maximum supported timing offset of the selected preamble format and N_CS parameter.

	False alarm probability with noise only
	0.1 %



4.3.2 Performance Metric
For PRACH detection performance metrics:
Error cases:
Missed detections:
The missed detection probability is the ratio between the total number of undetected preambles and the total number of transmitted preambles. A preamble is considered as not detected if a) the preamble has not been detected at all due to e.g. low SNR or b) the preamble is detected correctly but with absolute timing estimate that is larger than half of the PUSCH CP (e.g. if PUSCH SCS is 15 kHz and CP is 5.2 s, then absolute estimation error should be less than 2.6 s)
False alarms:
	Detection of a preamble that has not been transmitted
[image: ]
Fig. 4.3-1 Illustration of miss-detection probability
[image: ]
Fig. 4.3-2 Illustration of false-alarm probability
[image: ]
Fig. 4.3-3 Illustration of timing estimation error

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)
Proposal 17: 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 18: 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.
4.3.3 Angle Scaling Procedure Including Subpaths
Step 1: To cluster rays provided in Table 6.9.1-1 to 6.9.1-4 in [10] add cluster subpaths using equation 7.7-0a [11] and considering that cluster-wise rms :




Step 2: Determine circular mean () and spread () including subpaths using equation (A-1 and A-2 of [11])
Step 3: Scale angles to desired values employing equation 7.7-5 [11], 6.9-1 and 6.9-2 [10]

 


Step 4: Wrap azimuth angles  within [0,360°]. Zenith angles  are set to (360°-) 
Proposal 19: Use angle scaling procedure including subpaths in Section 4.3.3 for performance evaluation of PRACH. 
4.4 UE Location
The simulation assumptions for calibration can be reuses for performance evaluation of UE positioning with the UE positioning accuracy as performance metric, i.e. UE positioning accuracy (5%, 50%, 80%) (based on CDF of horizontal positioning accuracy and vertical positioning accuracy in global inertial coordinate system).
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. 
4.5 Throughput
UE throughput (5%, 50%, 95%) and beam throughput (5%, 50%, 95%) can be used as performance metric for throughput evaluation of throughput in NTN. Due to the potential stronger inter-beam interference, the solutions for interference mitigation might need to be used for performance elevation of UE throughout and beam throughput in NTN, for example frequency reuse pattern, dynamic point selection and blanking, and so on. 
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. 
5 Conclusions
In this contribution, we share our views on link-level and system-level performance evaluation for NTN with following proposals.
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: Use the NTN reference scenarios and reference use cases defined in Table 2-2 for performance studies in RAN1.

Proposal 3: Discussion on performance requirements for PRACH based on proposed assumptions and methodology.

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.

Proposal 5: 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 6: Use simulation assumptions in Table X.Y-1, Table X.Y-2 and Table X.Y-3 in Annex B for link budget analysis in NTN, where the target throughputs can be FFS with the consideration of feasible satellite performance and given BLER targets.

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

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. 

Proposal 12: Calculate atmospheric absorption loss for calibration in Ka band but neglect it in S band with 10 as the minimal elevation angle configuration. 

Proposal 13: It is recommended to consider clear sky condition as baseline in calibration and neglect the path loss due to rain and cloud attenuation. 

Proposal 14: The value of amplitude index  should be given in the simulation assumptions if the latitude is possible within ±20 and moreover the carrier frequency is below 6GHz. 

Proposal 15: Use simulation assumptions in Table 4.2-2 for calibration with more details about beam layout in Table 4.2-1. 

Proposal 16: Use link-level simulation assumptions in Table 4.3 for PRACH performance evaluation in NTN. 

Proposal 17: 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 18: 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.

Proposal 19: Use angle scaling procedure including subpaths in Section 4.3.3 for performance evaluation of PRACH. 

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. 
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Annex A: Text Proposal for Requirements in TR 38.821
Start of changes
X.Y Requirements for PRACH
PRACH detection requirement evaluation shall follow the methodology in 8.4 and 11.4 of TS 38.104. The time error tolerance for different SCS shall be the same as provided in Tables 8.4.2.1-1 and 11.4.2.1-1 of TS 38.104. Table x.y.1 provides the proposed timing estimation errors for AWGN and NTN TDL-B300-100 and NTN TDL-B30-300. The table does not contain potentially new SCS values and preamble formats for FR1 and FR2.
Table x.y.1 Timing estimation error tolerance.
	Preamble Format
	SCS (kHz)
	Time error tolerance

	
	
	FR1
	FR2

	
	
	AWGN
	NTN TDL-B300-100
	AWGN
	NTN TDL-B30-300

	0
	1.25
	1.04 s
	2.55 s
	n.a.
	n.a.

	C2
	15
	0.52 s
	2.03 s
	n.a.
	n.a.

	C2
	30
	0.26 s
	1.77 s
	n.a.
	n.a.

	C2
	60
	n.a.
	n.a.
	0.13 s
	0.28 s

	C2
	120
	n.a.
	n.a.
	0.07 s
	0.22 s



Table x.y.2 summarizes the channel profiles that shall be used in performance requirement tests.
Table x.y.2 Channel model parameters for FR1 and FR2.
	Combination Name
	Channel Model
	Spectrum
	Delay Spread
	max. excess tap delay (span)
	max. Doppler Frequency
	Delay resolution

	NTN TDL-B300-100
	NTN TDL-B
	FR1
	300 ns
	 2595 ns
	± 100 Hz
	5 ns

	NTN TDL-B30-300
	NTN TDL-B
	FR2
	30 ns
	 290 ns
	± 300 Hz
	5 ns



The test preambles follow Table A.6-1 and A.6-2 of TS 38.104. Detailed preamble configurations are given in Table x.y.3.
Table x.y.3 Test preamble formats.
	Preamble Format
	SCS [kHz]
	N_CS
	Logical Sequence Index

	0
	1.25
	13
	22

	C2
	15
	23
	0

	C2
	30
	46
	0

	C2
	60
	69
	0

	C2
	120
	69
	0



Minimum required SNR values for at least 99% detection probability of are provided in Table x.y.4 (FR1) and Table x.y.5 (FR2):
Table x.y.4 Minimum required SNR for FR1.
	
	
	
	
	
	SNR (dB)

	Number Tx Antenna
	Rx Antenna
	Propagation Conditions
	Frequency Offset (Hz)
	Format
	SCS = 1.25 kHz
	SCS = 15 kHz
	SCS = 
30 kHz

	1
	VSAT 
(Radius = 
0.32m)
	AWGN
	0
	0
	TBD
	n.a.
	n.a.

	
	
	NTN TDL-B300-100
	+/- 400
	
	TBD
	n.a.
	n.a.

	
	
	AWGN
	0
	C2
	n.a.
	TBD
	TBD

	
	
	NTN TDL-B300-100
	+/- 400
	
	n.a.
	TBD
	TBD



Table x.y.5 Minimum required SNR for FR2.
	 
	 
	 
	 
	 
	SNR (dB)

	Number Tx Antenna
	Rx Antenna
	Propagation Conditions
	Frequency Offset (Hz)
	Format
	SCS = 
60 kHz
	SCS = 120 kHz

	1
	VSAT 
(Radius = 
0.032m)
	AWGN
	0
	C2
	TBD
	TBD

	
	
	NTN TDL-B30-300
	+/- 4000
	
	TBD
	TBD



Discussion on performance requirements for PRACH based on proposed assumptions and methodology.
End of changes


Annex B: Text Proposal for Link Budget Analysis in TR 38.821
Start of changes
X.Y Link Budget Analysis 
X.Y.1 Link Budget Calculation
The carrier-to-noise-and-interference ratio (CNIR) of the transmission link between the satellite and the UE can be derived by the carrier-to-noise-plus-interference-density ratio (CNIDR) and the bandwidth  as follows 
	
	
	(1)


CNIDR can be obtained by carrier-to-noise-density ratio (CNDR) and carrier-to-interference-density ratio (CIDR), and the formula for CNDR calculation is [3]
	
	
	(2)


where EIRP is effective isotropic radiated power (EIRP),  is antenna-gain-to-noise-temperature and can be derived by receive antenna gain, noise figure, ambient temperature and antenna temperature as described in [4],  is Boltzmann constant and equals to -228.6 dBW/K/Hz,   is free space path loss,  is atmospheric path loss due to gases and rain fades,  is shadowing margin,  is additional loss, for example degradation due to feeder links in case of non-regenerative systems. CIDR can be derived by carrier-to-interference ratio (CIR) and bandwidth as follows
	
	
	(3)


EIRP can be calculated by
	
	
	(4)


where  is transmit power,  is cable loss, and  is transmit antenna gain.
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Table X.Y.2-1 Link budget analysis for LEO satellite at altitude of 600 km
	
	Ka band
	S band

	General Assumptions

	DL/UL
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink

	Carrier frequency (GHz)
	20
	30
	20
	30
	2
	2
	2
	2
	2
	2

	Bandwidth (MHz)
	400
	400
	300
	300
	30
	30
	30
	30
	30
	30

	Satellite altitude (km)
	600
	600
	600
	600
	600
	600
	600
	600
	600
	600

	SCS (kHz)
	120
	120
	120
	120
	30
	30
	30
	30
	30
	30

	Elevation angle ()
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Distance between satellite and UE (km)
	1075.1
	1075.1
	1075.1
	1075.1
	1075.1
	1075.1
	1075.1
	1075.1
	1075.1
	1075.1

	Free space path loss (dB)
	179.1
	182.6
	179.1
	182.6
	159.1
	159.1
	159.1
	159.1
	159.1
	159.1

	Atmospheric loss (dB)
	1
	6
	1
	10
	1
	6
	1
	10
	1
	1
	1
	1
	1
	1

	Additional loss (dB)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Shadowing margin (dB)
	0
	0
	3
	3
	3
	3
	3
	3
	3
	3

	Clear sky conditions
	Y
	N
	Y
	N
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y

	Average C/I within a satellite beam (dB)
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	Specific channel model
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Terminal type
	VSAT
	Array antenna, , Polarization: 0°, 90°

	Terminal speed (km/h)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Terminal G/T (dB/K)
	15.86
	-
	-14.57
	-
	-31.62
	-
	-28.61
	-
	-25.60
	-

	Terminal antenna type
	60 cm equivalent aperture diameter (circular)
	(M, N, P) = (2, 4, 2) 
with 2 antenna panels
	(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

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

	Terminal noise figure (dB)
	1.2
	-
	10
	-
	7
	-
	7
	-
	7
	-

	Terminal ambient temperature (K)
	290
	-
	290
	-
	290
	-
	290
	-
	290
	-

	Terminal antenna temperature (K)
	150
	-
	290
	-
	290
	-
	290
	-
	290
	-

	Terminal maximal EIRP (dBW)
	-
	45.75
	-
	13.05
	-
	-7
	-
	-3.99
	-
	-0.98

	Terminal EIRP (dBW)
	-
	44
	-
	13.05
	-
	-7
	-
	-3.99
	-
	-0.98

	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
	-
	5
	-
	0
	-
	0
	-
	0

	Terminal cable loss (dB)
	-
	0.45
	-
	0
	-
	0
	-
	0
	-
	0

	Link Budget Analysis

	Target throughput (Mbps)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	AWGN
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 10%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 0.1%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 0.001%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD





Table X.Y.2-2 Link budget analysis for LEO satellite at altitude of 1200 km
	
	Ka band
	S band

	General Assumptions

	DL/UL
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink

	Carrier frequency (GHz)
	20
	30
	20
	30
	2
	2
	2
	2
	2
	2

	Bandwidth (MHz)
	400
	400
	300
	300
	30
	30
	30
	30
	30
	30

	Satellite altitude (km)
	1200
	1200
	1200
	1200
	1200
	1200
	1200
	1200
	1200
	1200

	SCS (kHz)
	120
	120
	120
	120
	30
	30
	30
	30
	30
	30

	Elevation angle ()
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Distance between satellite and UE (km)
	1998.9
	1998.9
	1998.9
	1998.9
	1998.9
	1998.9
	1998.9
	1998.9
	1998.9
	1998.9

	Free space path loss (dB)
	184.5
	188.0
	184.5
	188.0
	164.5
	164.5
	164.5
	164.5
	164.5
	164.5

	Atmospheric loss (dB)
	1
	6
	1
	10
	1
	6
	1
	10
	1
	1
	1
	1
	1
	1

	Additional loss (dB)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Shadowing margin (dB)
	0
	0
	3
	3
	3
	3
	3
	3
	3
	3

	Clear sky conditions
	Y
	N
	Y
	N
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y

	Average C/I within a satellite beam (dB)
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	Specific channel model
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Terminal type
	VSAT
	Array antenna, , Polarization: 0°, 90°

	Terminal speed (km/h)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Terminal G/T (dB/K)
	15.86
	-
	-14.57
	-
	-31.62
	-
	-28.61
	-
	-25.60
	-

	Terminal antenna type
	60 cm equivalent aperture diameter (circular)
	(M, N, P) = (2, 4, 2) 
with 2 antenna panels
	(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

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

	Terminal noise figure (dB)
	1.2
	-
	10
	-
	7
	-
	7
	-
	7
	-

	Terminal ambient temperature (K)
	290
	-
	290
	-
	290
	-
	290
	-
	290
	-

	Terminal antenna temperature (K)
	150
	-
	290
	-
	290
	-
	290
	-
	290
	-

	Terminal maximal EIRP (dBW)
	-
	45.75
	-
	13.05
	-
	-7
	-
	-3.99
	-
	-0.98

	Terminal EIRP (dBW)
	-
	44
	-
	13.05
	-
	-7
	-
	-3.99
	-
	-0.98

	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
	-
	5
	-
	0
	-
	0
	-
	0

	Terminal cable loss (dB)
	-
	0.45
	-
	0
	-
	0
	-
	0
	-
	0

	Link Budget Analysis

	Target throughput (Mbps)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	AWGN
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 10%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 0.1%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 0.001%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD





Table X.Y.2-3 Link budget analysis for GEO satellite
	
	Ka band
	S band

	General Assumptions

	DL/UL
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink

	Carrier frequency (GHz)
	20
	30
	20
	30
	2
	2
	2
	2
	2
	2

	Bandwidth (MHz)
	400
	400
	300
	300
	30
	30
	30
	30
	30
	30

	Satellite altitude (km)
	35786
	35786
	35786
	35786
	35786
	35786
	35786
	35786
	35786
	35786

	SCS (kHz)
	120
	120
	120
	120
	30
	30
	30
	30
	30
	30

	Elevation angle ()
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Distance between satellite and UE (km)
	38609
	38609
	38609
	38609
	38609
	38609
	38609
	38609
	38609
	38609

	Free space path loss (dB)
	210.2
	213.7
	210.2
	213.7
	190.2
	190.2
	190.2
	190.2
	190.2
	190.2

	Atmospheric loss (dB)
	1
	6
	1
	10
	1
	6
	1
	10
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Additional loss (dB)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Shadowing margin (dB)
	0
	0
	3
	3
	3
	3
	3
	3
	3
	3

	Clear sky conditions
	Y
	N
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Average C/I within a satellite beam (dB)
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	Specific channel model
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Terminal type
	VSAT
	Array antenna, , Polarization: 0°, 90°

	Terminal speed (km/h)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Terminal G/T (dB/K)
	15.86
	-
	-14.57
	-
	-31.62
	-
	-28.61
	-
	-25.60
	-

	Terminal antenna type
	60 cm equivalent aperture diameter (circular)
	(M, N, P) = (2, 4, 2) 
with 2 antenna panels
	(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

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

	Terminal noise figure (dB)
	1.2
	-
	10
	-
	7
	-
	7
	-
	7
	-

	Terminal ambient temperature (K)
	290
	-
	290
	-
	290
	-
	290
	-
	290
	-

	Terminal antenna temperature (K)
	150
	-
	290
	-
	290
	-
	290
	-
	290
	-

	Terminal maximal EIRP (dBW)
	-
	45.75
	-
	13.05
	-
	-7
	-
	-3.99
	-
	-0.98

	Terminal EIRP (dBW)
	-
	44
	-
	13.05
	-
	-7
	-
	-3.99
	-
	-0.98

	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
	-
	5
	-
	0
	-
	0
	-
	0

	Terminal cable loss (dB)
	-
	0.45
	-
	0
	-
	0
	-
	0
	-
	0

	

	Target throughput (Mbps)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	AWGN
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 10%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 0.1%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD

	Specific channel model, BLER = 0.001%
	Required CNIR
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	Required useful EIRP per channel (dBW)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required useful satellite EIRP density (dBW/MHz)
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD
	-

	
	Required satellite G/T (dB/K)
	-
	TBD
	TBD
	-
	TBD
	TBD
	-
	TBD
	-
	TBD
	-
	TBD



End of changes

Annex C: Text Proposal for Simulation Assumptions
Start of changes
X.Y Simulation Assumptions
X.Y.A Satellite, Beam and UE Deployment
The inclination satellite constellations can be used for satellite deployment. In the system-level simulation, the UEs are uniformly deployed in the given geographical area. 
· For LEO satellite, UEs are uniformly distributed in geographical beam coverage of given main satellite for evaluation purpose. The neighbor satellites, which are visible by these UEs, will be involved for performance statistics, including serving beam selection and interference statistics.
· For GEO satellite, UEs are uniformly distributed in geographical coverage of given beam pattern of given main satellite with the consideration of big coverage of each GEO satellite and simulation complexity. The neighbor beams, which might leak interference to these UEs, will be involved for performance statistics, including serving beam selection and interference statistics.
The detailed parameters for satellite, beam and UE deployment are provided in Table X.Y.A. 
Table X.Y.A Parameters for inclination satellite constellation
	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

	Main satellite position
	(42157,0,0) km
	(7571,0,0) km
	(6971,0,0) km

	UE deployment
	Uniform distribution in geographical coverage of given beam pattern of main satellite
	Uniform distribution in geographical beam coverage of main satellite
	Uniform distribution in geographical beam coverage of main satellite


Note:  is beam diameter. 
X.Y.B Calibration
The simulation assumptions for calibration is summarized in Table X.Y.B.
Table X.Y.B Simulation assumptions for calibration
	Scenario
	1-1: Dense urban
1-2: Urban
1-3: Suburban/Rural
	2-1: Dense urban
2-2: Urban
2-3: Suburban/Rural
	3-1: Dense urban
3-2: Urban
3-3: Suburban/Rural
	4-1: Dense urban
4-2: Urban
4-3: Suburban/Rural
	5-1: Dense urban
5-2: Urban
5-3: Suburban/Rural
	6-1: Dense urban
6-2: Urban
6-3: Suburban/Rural

	Satellite type
	GEO
	GEO
	LEO
	LEO
	LEO
	LEO

	Band
	Ka band
	S band
	Ka band
	S band
	Ka band
	S band

	Carrier frequency
	20 GHz
	2 GHz
	20 GHz
	2 GHz
	20 GHz
	2 GHz

	Bandwidth
	400 MHz
	30 MHz
	400 MHz
	30 MHz
	400 MHz
	30 MHz

	Satellite constellation
	Inclination
	Inclination
	Inclination
	Inclination
	Inclination
	Inclination

	Satellite altitude
	35786 km
	35786 km
	1200 km
	1200 km
	600 km
	600 km

	Inclination angle
	0
	0
	80
	80
	85
	85

	Number of orbits
	1
	1
	9
	9
	10
	10

	Number of satellites per orbit 
	4
	4
	18
	18
	20
	20

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

	Beam layout ()
	(5,6,1000km)
See Table X.Y.A
	(5,6,1000km)
See Table X.Y.A
	(5, 6, 500km)
See Table X.Y.A
	(5, 6, 500km)
See Table X.Y.A
	(6, 7, 400km)
See Table X.Y.A
	(6, 7, 400km)
See Table X.Y.A

	Main satellite position
	(42157,0,0) km
	(42157,0,0) km
	(7571,0,0) km
	(7571,0,0) km
	(6971,0,0) km
	(6971,0,0) km

	Terminal distribution
	GEO: 100% outdoor, uniform distribution in geographical coverage of given beam pattern of main satellite
LEO: 100% outdoor, uniform distribution in geographical beam coverage of main satellite

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811

	Satellite antenna radius
	[60] cm
	[360] cm
	[24] cm
	[30] cm
	[24] cm
	[24] cm

	Satellite EIRP
	[66] dBW
	[66] dBW
	[43] dBW
	[43] dBW
	[36] dBW
	[36] dBW

	Terminal antenna type
	VSAT
	Omni antenna
	VSAT
	Omni antenna
	VSAT
	Omni antenna

	Terminal receive antenna gain
	39.7 dBi
	0 dBi
	39.7 dBi
	0 dBi
	39.7 dBi
	0 dBi

	Terminal noise figure
	1.2 dB
	6 dB
	1.2 dB
	6 dB
	1.2 dB
	6 dB

	Atmospheric loss
	Mandatory
	Negligible
	Mandatory
	Negligible
	Mandatory
	Negligible

	Tropospheric scintillation
	Mandatory
	Negligible
	Mandatory
	Negligible
	Mandatory
	Negligible

	Ionospheric scintillation
	Negligible
	Mandatory
( if latitude is within ±20)
	Negligible
	Mandatory
( if latitude is within ±20)
	Negligible
	Mandatory
( if latitude is within ±20)

	Rain and cloud loss
	Negligible
	Negligible
	Negligible
	Negligible
	Negligible
	Negligible

	Handover margin
	[2] dB
	[2] dB
	[2] dB
	[2] dB
	[2] dB
	[2] dB

	Large-scale channel
	Section 6.6 of TR 38.811

	Fast fading channel
	Fast fading channel is not modelled

	Metric
	1) Coupling loss – serving beam

	
	2) Geometry with interference from neighbouring beams


Note: 
·  is beam diameter. 
· LEO: The neighbour satellites, which is visible by one UE, will be involved for this UE’s performance statistics, including serving beam selection and interference statistics.
· GEO: The neighbor beams, which might leak interference to these UEs, will be involved for performance statistics, including serving beam selection and interference statistics.
[bookmark: _Hlk3996822]X.Y.C PRACH
The link-level simulation assumptions for PRACH performance evaluation is provided in Table X.Y.C.
Table X.Y.C Simulation assumption for PRACH
	Parameter
	Configuration

	Satellite
	LEO
	GEO

	Satellite height above earth (informative)
	600 km 
	35786 km

	Scenario
	Single cell, single mobile

	Carrier Frequency
	2, 20 GHz

	Channel Model
	AWGN, NTN-CDL-A, NTN-CDL-C [R1-1902621]

	Delay Scaling
	2 GHz: 250 ns
20 GHz: 30 ns
(see 7.3.5.2.2 of [TR 38.811])

	Channel Angle Spread Scaling
	ASDesired = ASModel

	Channel Mean Angle Scaling
	Satellite: AOD and ZOD provided by model
Mobile: AOA uniformly distributed in range [-180°,+180°] and ZOA provided by model  

	Elevation Angle Scaling
	Uniformly distributed [80°,90°] [R1-1902621] (distribution is consistent with mobiles located within area with approx. 200 km beam diameter and satellite 600 km above ground)
	Uniformly distributed [89°,90°] [R1-1902621] (distribution is consistent with mobiles located within area with approx. 1000 km beam diameter and satellite 35786 km above ground)

	Satellite Antenna Pattern
	TR 38.811

	Satellite Antenna Radius
	2 GHz: 0.32 m
20 GHz: 0.032 m
	2 GHz: 4.8 m
20 GHz: 0.48 m

	Satellite Antenna Orientation
	, °, °

	Satellite Center Frequency Offset
	0.05 ppm

	Satellite Speed
	7561 m/s
	0 m/s

	Satellite Movement Direction
	Along x-axis

	Satellite preamble detection
	Each company should provide details on used algorithm and used accumulation over repetition symbols (coherent or non-coherent combining)

	Mobile Antenna Pattern
	2 GHz + 20 GHz: (1,1,1) omni directional
20 GHz: VSAT

	Mobile Antenna Orientation
	omni directional:  uniformly distributed [0,360°], °
, °
VSAT: Antenna maximum gain direction points towards strongest cluster

	Mobile Movement Direction
	Uniformly distributed [0,360°]

	Mobile Center Frequency Offset
	0.1 ppm

	Mobile Speed
	3, 120, 500, 1000 km/h

	Mobile Power Control
	Ideal power control in frequency domain

	Preamble format
	Each company provides details on configuration (i.e. format, SCS, N_CS etc). New formats are not precluded. Preferred Format is C2 with =0 and N_CS=0.

	Intitial timing offset
	Assume precompensation in delay. Initial timing offset is uniformly distributed 
[0, TOmax], where TOmax is the maximum supported timing offset of the selected preamble format and N_CS parameter.

	False alarm probability with noise only
	0.1 %

	Performance metric
	· Minimum required SNR to achieve 1% missed detection
· Observed missed detection probability as function of SNR (Note 2)
· False alarm probability as function of SNR (optional) (Note 3)
· CDF of timing estimation error at minimum required SNR for 0.1% missed detection rate (optional)


Note 1: The missed detection probability is the ratio between the total number of undetected preambles and the total number of transmitted preambles. A preamble is considered as not detected if a) the preamble has not been detected at all due to e.g. low SNR or b) the preamble is detected correctly but with absolute timing estimate that is larger than half of the PUSCH CP (e.g. if PUSCH SCS is 15 kHz and CP is 5.2 s, then absolute estimation error should be less than 2.6 s).
Note 2: SNR range should cover missed detection from at least 10-4 to around 1.
Note 3: False alarm is the detection of a preamble that has not been transmitted.

End of changes
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