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1.1.1 Study on solutions for NR to support Non Terrestrial Network (NTN)
FS_NR_NTN_solutions; SID in RP-190710. Please refer to the SID for detailed scoping
R1-1905204
Skeleton proposal for TR 38.821 chapter related to RAN1
THALES, Nokia, Nokia Shanghai Bell

1.1.1.1 Link-Level and System-Level Evaluations

Including evaluation methodology, deployment scenarios, etc.
R1-1905206
Doppler shift compensation in NTN
THALES

R1-1904648
Scenarios, Requirements and Simulation Assumptions in NTN
Nokia, Nokia Shanghai Bell

R1-1903997
Discussion on performance assessment for NTN
Huawei, HiSilicon

R1-1904302
Considerations on performance evaluation for NTN
Intel Corporation

R1-1904436
Considerations on NTN system-level and link-level simulations
Samsung

R1-1904548
Simulation assumption for NTN evaluation
CATT

R1-1904668
Considerations on HARQ evaluation for Non-Terrestrial Networks
ETRI

R1-1904765
Considerations on the simulation assumption and methodology for NTN
ZTE

R1-1905097
On NTN link level and system level evaluations
Ericsson

R1-1905216
Key satellite parameters and simulation assumptions for NTN
ESA

R1-1905700
NTN evaluation assumptions summary 
Thales
R1-1905794
NTN evaluation assumptions summary
Thales

Agreement:
The following tables are used for calibration:
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
Set 2 : FFS

	Satellite antenna pattern
	TR 38.811v15.0.0 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 from TR 38.811v15.0.0

	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

	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

Set 2 : FFS

	Satellite antenna pattern
	TR 38.811v15.0.0 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.
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 TR38.811v15.0.0.




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 TR38.811v15.0.0.




Agreement:
A snapshot of satellite and UE positions is considered during the SLS run time and for throughput evaluation.
Note: Doppler and fading effects will be captured separately

Agreement:
A, C2, D2 NTN scenarios for both S-Band and Ka-Band should be prioritized for RAN1 NTN Evaluation. Further prioritization among the relevant combinations of these configuration scenarios can be considered.
Agreement:
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.
Agreement:
For calibration and performance evaluation, the rural scenario will be considered as the baseline scenario. 
· Companies can also provide additional deployment scenario results.
Agreement:
The frequency selective channel model should be considered for all deployment scenarios.
Agreement:
100% outdoor distribution for UEs should be considered for NTN evaluations.
Agreement:
X=10 UEs per beam with uniform distribution in all the beams should be considered for NTN evaluation. 

· FFS: Other values of X

Agreement:
Adopt the following table to define which kind of UE should be assumed in each NTN scenario. 
	Frequency band
	Scenario
	VSAT
	Handheld
	Others (Note)

	
	
	YES
	NO
	YES
	NO
	YES
	NO

	< 6 GHz (S-Band)


	A (GEO – transparent)
	
	X
	optional
	
	optional
	

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

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

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

Agreement:
Adopt the following table to define which mobility cases should be studied in each NTN scenario. 

	Frequency band
	Scenario
	VSAT
	Handheld
	Others 

	
	
	Velocity assumptions
	Velocity assumptions
	Velocity assumptions

	< 6 GHz (S-Band)


	A (GEO – transparent)
	-
	3km/h; 

Optional: 30 km/h
	1000 km/h; 

Optional: 500 km/h; 

Optional: 120 km/h

	
	C2 (LEO – transparent – moving beams)
	-
	3km/h; 

Optional: 30 km/h
	1000 km/h; 

Optional: 500 km/h; 

Optional: 120 km/h

	
	D2 (LEO – regenerative – moving beams)
	-
	3km/h; 

Optional: 30 km/h
	1000 km/h; 

Optional: 500 km/h; 

Optional: 120 km/h

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

Optional: 500 km/h; 

Optional: 120 km/h

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

Optional: 500 km/h; 

Optional: 120 km/h

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

Optional: 500 km/h; Optional: 120 km/h 


Agreement:
At least a hexagonal beam layout is considered for NTN evaluations.
1.1.1.2 Physical layer control procedures
R1-1905095
On physical layer control procedures for NTN
Ericsson

R1-1905015
Physical Layer Procedures for NTN
Qualcomm Incorporated

R1-1903999
Discussion on data transmission related procedures for NTN
Huawei, HiSilicon

R1-1904243
Discussion on physical layer control procedures
Sony

R1-1904303
Discussion on control procedures for NTN
Intel Corporation

R1-1904437
Physical layer control procedures in NTN
Samsung

R1-1904549
Physical layer procedure enhancement for NTN
CATT

R1-1904644
Doppler compensation in initial access procedure in NR-NTN
MediaTek Inc.

R1-1904649
Uplink Power Control and CSI Feedback in NTN
Nokia, Nokia Shanghai Bell

R1-1904766
Discussion on the physical control procedure for NTN
ZTE

R1-1905055
Physical layer control procedures for NTN
Asia Pacific Telecom co. Ltd

R1-1905215
On Timing Advance for NTN
Dish Network

R1-1905305
Physical Layer Procedures for NTN
Qualcomm Incorporated

Withdrawn
R1-1905728
Feature lead summary on physical layer control procedures for NTN
Ericsson

R1-1905807 
Feature lead summary#2 on physical layer control procedures for NTN
Ericsson
R1-1905818
Feature lead summary#3 on physical layer control procedures for NTN
Ericsson

R1-1905861
Feature lead summary#4 on physical layer control procedures for NTN
Ericsson
1.1.1.3 Uplink timing advance/RACH procedure
Including PRACH sequence/format/message
R1-1904767
Discussion on the TA and PRACH for the NTN
ZTE

R1-1904000
Discussion on timing advance and RACH procedures for NTN
Huawei, HiSilicon

R1-1904225
Timing Advance Adjustments for Satellite Communications (NTN)
Fraunhofer IIS, Fraunhofer HHI

R1-1904244
Discussion on uplink timing advance and RACH procedure
Sony

R1-1904304
Discussion on TA and RACH procedure for NTN
Intel Corporation

R1-1904438
Uplink timing advance/RACH procedure and Synchronization for NTN
Samsung

R1-1904550
PRACH design and UL timing advance
CATT

R1-1904591
Issues on Timing Advance and RACH for NTN
Panasonic

R1-1904645
Timing Advance and RACH in NR-NTN
MediaTek Inc.

R1-1904650
Doppler Compensation, Uplink Timing Advance, Random Access and UE Location in NTN


Nokia, Nokia Shanghai Bell

R1-1904669
Considerations on propagation delay for Non-Terrestrial Networks
ETRI

R1-1904732
Considerations on Timing Advance for Non-Terrestrial Networks
CMCC

R1-1904858
On initial access and RACH procedures for NTN 
InterDigital, Inc.

R1-1905016
RACH Procedure and UL Timing Control for NTN
Qualcomm Incorporated

R1-1905090
On adapting random access procedures for NTN
Ericsson

R1-1905180
On Timing Advance in NTN
THALES

R1-1905306
RACH Procedure and UL Timing Control for NTN
Qualcomm Incorporated

Withdrawn
R1-1905732
Summary of 7.2.5.3 on UL timing and PRACH 
ZTE

R1-1905812
Updated summary of 7.2.5.3 on UL timing and PRACH
ZTE
1.1.1.4 More delay-tolerant re-transmission mechanisms

Include capability to deactivate the HARQ mechanisms
R1-1904646
Delay-tolerant re-transmission mechanisms
MediaTek Inc.

R1-1904439
HARQ procedure in NTN
Samsung

R1-1904003
Discussion on HARQ for NTN
Huawei, HiSilicon

R1-1904242
Consideration on delay-tolerant HARQ for NTN
Sony

R1-1904551
HARQ consideration for NTN
CATT

R1-1904592
Views on HARQ Issues for NTN
Panasonic

R1-1904651
Consideration on HARQ in NTN
Nokia, Nokia Shanghai Bell

R1-1904768
Discussion on the HARQ procedure for NTN
ZTE

R1-1904859
Discussion on HARQ for NTN 
InterDigital, Inc.

R1-1905017
Delay-tolerant Retransmission Mechanisms for NTN
Qualcomm Incorporated

R1-1905093
On adapting HARQ procedures for NTN
Ericsson

R1-1905307
Delay-tolerant Retransmission Mechanisms for NTN
Qualcomm Incorporated

Withdrawn
R1-1905733
Summary Delay-tolerant re-transmission mechanisms in NR-NTN
Mediatek
R1-1905840
Summary#2 Delay-tolerant re-transmission mechanisms in NR-NTN
Mediatek
1.1.1.5 Others

R1-1903995
Corrections for TR38.811 Chapter 6 Non-Terrestrial Networks channel models
Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, Thales, Fraunhofer HHI, Fraunhofer IIS,  Keysight, ZTE, ESA, Intelsat, Mitsubishi Electric
R1-1903996
Overview of NTN
Huawei, HiSilicon

R1-1903998
Discussion on link budget for NTN
Huawei, HiSilicon

R1-1904001
Evaluation of DL synchronization and central frequency tracking for NTN
Huawei, HiSilicon

R1-1904002
Discussion on cell measurement for mobility management in NTN
Huawei, HiSilicon

R1-1904245
Considerations on Doppler compensation for Non-GEO-based NTN
Sony

R1-1904665
UE Positioning in NTN
Nokia, Nokia Shanghai Bell

R1-1904712
Discussion on PAPR in NTN
Huawei, HiSilicon

R1-1904769
Discussion on the issues for UL scheduling in NTN
ZTE

R1-1904770
Performance evaluation on the DL synchronization in NTN
ZTE

R1-1904771
Preliminary simulation results for NTN
ZTE

R1-1904772
Preliminary consideration on the link budget for NTN
ZTE

R1-1905018
On NTN Initial Search and Handover
Qualcomm Incorporated

R1-1905098
PAPR reduction for NTN
Ericsson

R1-1905100
NTN Overview
Ericsson

R1-1905102
On Measurement Metrics for NTN
Ericsson

R1-1905120
Link Budget Analysis in NTN
Nokia, Nokia Shanghai Bell

R1-1905225
On 2-step rancom access for NTN
Ericsson

R1-1905226
PHY aspects of a moving RAN in non-terrestrial networks
Ericsson

R1-1905230
On Sync and PBCH reading in NTN
Ericsson

R1-1905239
Time and frequency synchronization (initial access)
Mitsubishi Electric RCE

R1-1905308
On NTN Initial Search and Handover
Qualcomm Incorporated

Withdrawn
R1-1905704
Draft CR for TR38.811 Chapter 6 Non-Terrestrial Networks channel models
Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, Thales, Fraunhofer HHI, Fraunhofer IIS,  Keysight, ZTE, ESA, Intelsat, Mitsubishi Electric
