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1 Introduction

This document aims to summarize the companies’ views on :
· LLS parameters and assumptions
· Link budget analysis


2 Discussion on Link Level Simulation assumptions

Clarification on LLS parameters for DL synchronization
It is also proposed to clarify the metrics requirement for DL synchronization evaluation.
Proposal : It is proposed to update Table 6.1.2-1 of TR38.821 as follows:
Table 6.1.2-1 : LLS parameters for DL synchronization evaluation
	
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	For GEO (optional) :
Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg
For LEO :
Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

	Subcarrier Spacing(s)
	15kHz, 30kHz
	 120kHz, 240kHz

	DL RS
	SSB

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

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

	VSAT with 60 cm equivalent aperture diameter


	UE speed
	3 km/h
	0 km/h, 1000 km/h

	UE elevation angle
	For GEO (optional) : 10°,
For LEO : 30°

	Frequency Offset
	· UE crystal accuracy: 10 ppm
· Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8
· Doppler shift in channel due to UE movement :  max. value to be computed based on the UE speed and the elevation angle
Note 1 : The final frequency offset is computed as follows : 

 where :

 denotes the final frequency offset in Hz

 denotes the UE crystal accuracy in ppm

 denotes Doppler shift due to satellite movement in ppm. Pre/post Doppler shift compensation can be assumed.

 denotes the Doppler shift due to UE movement in ppm

 denotes the carrier frequency used on the service Down Link in Hz
A uniform distribution in [ - FO max value, + FO max value] shall be assumed.
Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)
Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	Frequency drift
	[Doppler rate values provided in Table 6.1.1-8]

	Phase noise model
	S-band phase noise modeling (optional) 
Ka-band phase noise modeling : phase noise profile according to in TR38.803 section 6.1.9.5.

	Metrics
	One-shot initial cell detection accuracy of PCID;
CDF of timing and frequency residual offset at SNR point corresponding to 90% likelihood for one-shot detection accuracy of cell ID.
Note 4: FAR of PCID detection requirement = 1%


Note: The SNR range to be evaluated should be based on the link budget analysis for each channel

Clarification on LLS parameters for PRACH performance evaluation
Frequency offset :
During the last meeting, the frequency offset assumptions have been flagged as FFS. RAN1 shall achieve some progress on the subject before the end of this meeting so PRACH performance evaluation can be performed for the next meeting.
It should be clarified whether the frequency offsets resulting from UE oscillator drift should be fully taken into account for PRACH performance evaluation or whether they should be considered (at least partially) compensated.
It should be clarified which values should be considered for the frequency offsets resulting from Doppler shifts for PRACH performance evaluation. It has been proposed in [7] (Intel) to consider the double of the values proposed for DL synchronization evaluation in Table 6.1.1-8 for TR38.821.
Proposal : It is proposed to update the Table 6.1.2-2 for TR38.821 as follows :
Table 6.1.2-2 : LLS parameters for PRACH performance evaluation
	Configurations
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	For GEO (optional) :
Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg
For LEO :
Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

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

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

	VSAT with 60 cm equivalent aperture diameter


	Frequency Offset
	
· Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8
· Doppler shift in channel due to UE movement : max. value to be computed based on the UE speed and the elevation angle 
· Residual frequency offset after synchronization: [0.1] ppm
Note 1 : The final frequency offset is computed as follow : 

 where :

 denotes the final frequency offset in Hz

 denotes the residual frequency offset after synchronization in ppm

 denotes Doppler shift due to satellite movement in ppm. Pre/post Doppler shift compensation is considered.

 denotes the Doppler shift due to UE movement in ppm

 denotes the central frequency used on the service Up Link in Hz

A uniform distribution in [ - FO max value, + FO max value] shall be assumed 
Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)
Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Initial timing Offset (Note 1)
	FFS

	Phase noise model 
	S-band phase noise modeling (optional) 
Ka-band phase noise modeling : phase noise profile according to TR38.803 section 6.1.9.5.

	PRACH design
	Each company should provide details on configuration (i.e. format, SCS, N_CS, …). New formats are not precluded.

	Metric
	PRACH detection rate, FAR

	Note 1: Ideal common delay compensation is assumed.



Clarification on LLS parameters for data transmission performance evaluation
The frequency offset and frequency tracking assumptions for data transmission performance evaluation should be completed before the end of the meeting.
Proposal : It is proposed to update the Table 6.1.2-3 for TR38.821 as follows :
This table should be used as a baseline framework for link level data transmission evaluation. Additional parameters should be provided by the companies together with the simulation results.
Table 6.1.2-3 : LLS parameters for data transmission performance evaluation
	Parameters
	S-band
	Ka-band

	Carrier frequency
	2GHz 
	 DL 20GHz 

	Channel coding scheme
	NR channel coding

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

	Modulation order, Coding rate
	To be reported by the companies

	Channel estimation
	Realistic estimation

	Frequency offset 
	Residual Frequency error after DL synchronization: FFS[0.1] ppm assuming UL pre-compensation 

	Frequency drift
	[Doppler rate values provided in Table 6.1.1-8

	Frequency tracking
	Option 1 : drift pre-compensation is assumed
Option 2 : no pre-compensation is assumedFFS

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Channel model
	For GEO (optional):
Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg
For LEO:
Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

	TRP antenna configuration
	1Tx
	1Tx

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

	VSAT with 60 cm equivalent aperture diameter

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


	Phase noise Model
	S-band phase noise modeling (optional) 
Ka-band phase noise modeling : phase noise profile according to TR38.803 section 6.1.9.5.

	Metrics
	BLER, Throughput


3 Discussion on Link budgets analysis
Considerations on link budget analysis assumptions
Proposal : It is proposed to update the Table 6.1.3.2-1 of TR38.821 as follow :
Table 6.1.3.2-1 Parameter configuration for link budget analysis
	Parameters
	Notes

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

	System bandwidth
	30MHz (S band), 400MHz (Ka band)


	Channel bandwidth
	DL :
system bandwidth/ frequency reuse factor

UL:
· UL in S band (handheld UE):
· 360 kHz 
· Otherwise: system bandwidth/ frequency reuse factor
Note: The UL bandwidth may be challenge.

	Satellite altitude
	600km, 1200km, 35786km

	Target elevation angle
	30 (LEO), 10 (GEO)

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

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

	Scintillation loss
	Section 6.6.6 in TR 38.811
· 
Ionospheric loss: = 2.2 dB (note 1)
· Tropospheric loss : Table 6.6.6.2.1-1 of TR38.811

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Frequency reuse factor
	1, 2, 3

	Average CIR within a satellite beam
	Based on single satellite system-level calibration methodology, statistics are only collected for the UEs located in the central beam of the 19-beamlayout. 
The central beam boresight direction is computed based on the target elevation angle assumption.
When the generated beam has a partial or full coverage outside the earth, it is discarded.
For UL calibration, 
· For Handheld device, the channel bandwidth is 360 kHz.
· For VSAT, the channel bandwidth equals the system bandwidth allocated to each beam divided by 10.
· The devices  in one beam are allocated on adjacent frequency resources. The same resource allocation is assumed for all the beams.
 

	Satellite antenna polarization
	Circular polarization

	Polarization reuse
	Enable if frequency reuse factor = 2 is considered.

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

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

	Terminal RF parameters
	Table 6.1.1-3

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 and Set-2 in Table 6.1.1-2

	Polarization loss
	· 3dB per linear polarization receive antenna
· 0dB for circular polarization antenna receiver

	Outcome
	CNIR

	Note 1 : Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of TR38.811 after frequency scaling.

dB




Proposal : It is proposed to update section 6.1.3.1 of TR38.821 as follow :
======================== Start of TP for TR 38.821 =============================
============================== Text Omitted ================================
[bookmark: _Toc9617081]6.1.3.1		Link Budget Calculation
Carrier-to-noise-and-interference ratio (CNIR) of transmission link between satellite and UE can be derived by carrier-to-noise ratio (CNR) and carrier-to-interference ratio (CIR) as follows
	
	
	(6.1.3.1-1)


The formula for CNR calculation is
	
	
	(6.1.3.1-2)


where EIRP is effective isotropic radiated power (EIRP),  is antenna-gain-to-noise-temperature,  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 scintillation loss,  is additional loss, for example degradation due to feeder links in case of non-regenerative systems, and  is channel bandwidth.
============================== Text Omitted ================================
========================= End of TP for TR 38.821 =============================
Link budget results
Proposal : The following table should be integrated in TR38.821 to capture the link budget results.
Table Z.1 Link budget results
	Study case
	Case 1
	Case 2
	Case …
	Case N

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	TX: EIRP/spot/BW [dBm]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	RX: G/T [dB/T]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Bandwidth [Hz]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Free space path loss [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Atmospheric loss [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Shadow fading margin [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Scintillation Loss [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Polarization loss [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Additional losses [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	CNR [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	CIR [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	CINR [dB]
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS



Proposal : It is proposed to capture the future link budget results in the attached excel template R1-190XXXX - NTN_ NTN_Link_Budget_Analysis_Phase1.xlsx.



Conclusion

The proposal addressed during offline discussions are reported below :

Offline Proposal : It is proposed to capture the future calibration results in the attached excel template R1-190XXXX - NTN_Calibration_Phase1.xlsx. Companies are encouraged to submit their calibration results for the next meeting.

Offline Proposal : It is proposed to update Table 6.1.2-1 of TR38.821 as follows:
Table 6.1.2-1 : LLS parameters for DL synchronization evaluation
	
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	For GEO (optional) :
Baseline TDL/CDL model in TR38.811[v15.1.0], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg
For LEO :
Baseline TDL/CDL model in TR38.811[v15.1.0], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

	Subcarrier Spacing(s)
	15kHz, 30kHz
	 120kHz, 240kHz

	DL RS
	SSB

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

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

	VSAT with 60 cm equivalent aperture diameter



	UE speed
	3 km/h
	0 km/h, 1000 km/h

	UE elevation angle
	For GEO (optional) : 10°,
For LEO : 30°

	Frequency Offset
	· UE crystal accuracy: 10 ppm
· Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8
· Doppler shift in channel due to UE movement :  max. value to be computed based on the UE speed and the elevation angle
Note 1 : The final frequency offset is computed as follows : 

 where :

 denotes the final frequency offset in Hz

 denotes the UE crystal accuracy in ppm

 denotes Doppler shift due to satellite movement in ppm. Pre/post common Doppler shift compensation can be assumed.

 denotes the Doppler shift due to UE movement in ppm

 denotes the carrier frequency used on the service Down Link in Hz
A uniform distribution in [ - FO max value, + FO max value] shall be assumed.
Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)
Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	Frequency drift
	[Doppler rate values provided in Table 6.1.1-8]

	Phase noise model
	S-band phase noise modeling (optional) 
Ka-band phase noise modeling : phase noise profile according to in TR38.803 section 6.1.9.5.

	Metrics
	One-shot initial cell detection accuracy of PCID;
CDF of timing and frequency residual offset at SNR point corresponding to 90% likelihood for one-shot detection accuracy of cell ID.
Note 4: FAR of PCID detection requirement = 1%


Note: The SNR range to be evaluated should be based on the link budget analysis for each channel

Offline Proposal : It is proposed to update Table 6.1.2-2 for TR38.821 as follows :
Table 6.1.2-2 : LLS parameters for PRACH performance evaluation
	Configurations
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	For GEO (optional) :
Baseline TDL/CDL model in TR38.811[v15.1.0], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg
For LEO :
Baseline TDL/CDL model in TR38.811[v15.1.0], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

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

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

	VSAT with 60 cm equivalent aperture diameter



	Frequency Offset
	
· Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8
· Doppler shift in channel due to UE movement : max. value to be computed based on the UE speed and the elevation angle 
· Residual frequency offset after synchronization: [0.1] ppm
Note 1 : In case the network performs both pre and post common Doppler shift compensation, the final frequency offset is computed as follows : 

 where :

 denotes the final frequency offset in Hz

 denotes the residual frequency offset after synchronization in ppm

 denotes the residual Doppler shift due to satellite movement in ppm after common Doppler compensation. 

 denotes  Doppler shift due to UE movement in ppm

 denotes the central frequency used on the service Up Link in Hz

A uniform distribution in [ - FO max value, + FO max value] shall be assumed 
Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)
Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Initial timing Offset (Note 1)
	FFS

	Phase noise model 
	S-band phase noise modeling (optional) 
Ka-band phase noise modeling : phase noise profile according to TR38.803 section 6.1.9.5.

	PRACH design
	Each company should provide details on configuration (i.e. format, SCS, N_CS, …). New formats are not precluded.

	Metric
	PRACH detection rate, FAR

	Note 1: Ideal common delay compensation is assumed.



Offline Proposal : It is proposed to update Table 6.1.2-3 for TR38.821 as follows :
This table should be used as a baseline framework for link level data transmission evaluation. Additional parameters should be provided by the companies together with the simulation results.
Table 6.1.2-3 : LLS parameters for data transmission performance evaluation
	Parameters
	S-band
	Ka-band

	Carrier frequency
	2GHz 
	 DL 20GHz, UL 30 GHz 

	Channel coding scheme
	NR channel coding

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

	Modulation order, Coding rate
	To be reported by the companies

	Channel estimation
	Realistic estimation

	Frequency offset 
	Residual Frequency error after DL synchronization: FFS[0.1] ppm assuming UL pre-compensation 

	Frequency drift
	[Doppler rate values provided in Table 6.1.1-8]

	Frequency tracking
	Option 1 : drift pre-compensation is assumed
Option 2 : no pre-compensation is assumedFFS

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Channel model
	For GEO (optional):
Baseline TDL/CDL model in TR38.811[v15.1.0], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions for suburban LOS elevation angle 10 deg. These parameters should be provided by the companies.
For LEO:
Baseline TDL/CDL model in TR38.811[v15.1.0], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions for suburban LOS elevation angle [30] deg. These parameters should be provided by the companies.

	TRP antennasatellite antenna configuration
	1Tx/Rx
	1Tx/Rx

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

	VSAT with 60 cm equivalent aperture diameter

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


	Phase noise Model
	S-band phase noise modeling (optional) 
Ka-band phase noise modeling : phase noise profile according to TR38.803 section 6.1.9.5.

	Metrics
	BLER, Throughput



Offline Proposal : It is proposed to update Table 6.1.3.2-1 of TR38.821 as follow :
Table 6.1.3.2-1 Parameter configuration for link budget analysis
	Parameters
	Notes

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

	System bandwidth
	30MHz (S band), 400MHz (Ka band)


	Channel bandwidth
	DL :
system bandwidth/ frequency reuse factor

UL:
· UL in S band (handheld UE):
· 360 kHz 
· Otherwise: system bandwidth/ frequency reuse factor
Note: The UL bandwidth may be challenge.

	Satellite altitude
	600km, 1200km, 35786km

	Target elevation angle
	30 (LEO), 10 (GEO)

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

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

	Scintillation loss
	Section 6.6.6 in TR 38.811
· 
Ionospheric loss: = 2.2 dB (note 1)
· Tropospheric loss : Table 6.6.6.2.1-1 of TR38.811

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Frequency reuse factor
	1, 2, 3

	Average CIR within a satellite beam
	Based on single satellite system-level calibration methodology, statistics are only collected for the UEs located in the central beam of the 19-beamlayout. 
The central beam boresight direction is computed based on the target elevation angle assumption.
When the generated beam has a partial or full coverage outside the earth, it is discarded.
For UL calibration, 
· For Handheld device, the channel bandwidth is 360 kHz.
· For VSAT, the channel bandwidth equals the system bandwidth allocated to each beam divided by 10.
· The devices  in one beam are allocated on adjacent frequency resources. The same resource allocation is assumed for all the beams.
 

	Satellite antenna polarization
	Circular polarization

	Polarization reuse
	Enable if frequency reuse factor = 2 is considered.

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

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

	Terminal RF parameters
	Table 6.1.1-3

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 and Set-2 in Table 6.1.1-2

	Polarization loss
	· 3dB per linear polarization receive antenna
· 0dB for circular polarization antenna receiver

	Outcome
	CNIR

	Note 1 : Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of TR38.811 after frequency scaling.

dB




Offline Proposal : It is proposed to update section 6.1.3.1 of TR38.821 as follow :
======================== Start of TP for TR 38.821 =============================
============================== Text Omitted ================================
6.1.3.1		Link Budget Calculation
Carrier-to-noise-and-interference ratio (CNIR) of transmission link between satellite and UE can be derived by carrier-to-noise ratio (CNR) and carrier-to-interference ratio (CIR) as follows
	
	
	(6.1.3.1-1)


The formula for CNR calculation is
	
	
	(6.1.3.1-2)


where EIRP is effective isotropic radiated power (EIRP),  is antenna-gain-to-noise-temperature,  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 scintillation loss,  is additional loss, for example degradation due to feeder links in case of non-regenerative systems, and  is channel bandwidth.
============================== Text Omitted ================================
========================= End of TP for TR 38.821 =============================

Offline Proposal : It is proposed to capture the future link budget results in the attached excel template R1-190XXXX - NTN_ NTN_Link_Budget_Analysis_Phase1.xlsx.
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