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1 Introduction
A Study Item on NR to support Non-Terrestrial Networks was approved during the RAN plenary meeting at Dubrovnik in March 2017. As part of the study item, the TR 38.811 is developed led by RAN. However RAN1 is responsible for developing the chapter 6 “Non-Terrestrial Networks channel models”. The latest version of the TR 38.811 v0.3.0 approved by RAN#78 is available on the www.3gpp.org web site.

Following the first online session at RAN1#92 for Study Item FS_NR_nonterr_nw study item on NR to support Non-Terrestrial Networks, an off line session took place. During this offline session, key issues were identified, channel mode features per deployment scenarios were proposed and a skeleton for the chapter 6 of TR 38.811 Channel modelling was discussed.

The offline discussion (focusing on Non-Terrestrial network channel modelling) consumed approximately a cumulated 10 hours since the on-line session on Tuesday 27th February.

The following organisations were involved in the preparation of this document: Thales, HNS, Fujitsu, Mitsubishi Electric, Fraunhofer HHI, Fraunhofer IIS, Nokia, Samsung, ZTE, Huawei, Interdigital, Dish network, ETRI, Pivotal commware, ESA, SES, Sony, Intel, Qualcomm.
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3 Recall of TDOCs submitted in relation to the NTN study item
Channel modelling related topic (Agenda item 7.3.1 at RAN1#92)
	TDOC
	Title
	Authors

	R1-1802960
	NR-NTN: Requirements for Channel Modeling
	Thales, CNES

	R1-1802973
	NTN Channel Modeling – Calibration parameters
	Thales, HNS, CNES

	R1-1802974
	NR-NTN Channel Modeling - Coordinate system
	Thales

	R1-1802975
	NR-NTN channel modeling – Non-frequency selective fast fading model
	CNES, Thales

	R1-1802976
	NR-NTN Channel Modeling: Frequency selective fast fading model
	Thales

	R1-1802980
	NR-NTN Channel Modeling - antenna patterns
	Thales, CNES, HNS

	R1-1801829
	Discussion on the channel model for NTN
	ZTE

	R1-1802003
	Channel Model for HAPS in NTN
	Samsung

	R1-1801360
	NTN Channel Modeling
	Huawei, HiSilicon, Keysight

	R1-1801801
	Consideration on GEO and LEO channel models
	Huawei, HiSilicon

	R1-1801802
	Consideration on HAPS channel models
	Huawei, HiSilicon

	R1-1802725
	Ray tracing simulation result for NTN
	Huawei, HiSilicon

	R1-1802726
	On the multipath propagation in satellite to UE link
	Huawei, HiSilicon

	R1-1802543
	Suburban environment channel characteristics and path loss for NTN
	Nokia

	R1-1802551
	UE antenna assumption and beam modeling for NTN
	Nokia

	R1-1802629
	Modeling of atmospheric gas loss for NTN channel model
	Interdigital

	R1-1802630
	Impact of ionospheric and tropospheric scintillation on NTN channel model
	Interdigital


Other topic (Agenda item 7.3.2 at RAN1#92): mostly refering to potential impacts on NR
	TDOC
	Title
	Authors

	R1-1802286
	NR-NTN update on Link budget analysis
	Thales

	R1-1802801
	NR-NTN: DM-RS time position versus frequency drift in NTN deployment scenarios
	Thales

	R1-1802802
	NR-NTN: DM-RS positioning in frequency within PDSCH versus coherence bandwidth in GEO and LEO deployment scenarios
	Thales

	R1-1802803
	NR-NTN: Applicability of NR numerology to satellite communication
	Thales

	R1-1801830
	Considerations on random access in NTN
	ZTE, Sanechips

	R1-1802064
	Considerations on Doppler compensation for LEO-based NTN
	Sony

	R1-1802004
	PTRS design consideration for NTN
	Samsung

	R1- 1802613
	NTN NR impacts on the HARQ Operation
	Fraunhofer IIS, Fraunhofer HHI

	R1- 1802797
	NTN NR impacts due to Phase Noise
	Fraunhofer IIS, Fraunhofer HHI

	R1-1802631
	Considerations on HARQ Management for Non-Terrestrial Networks
	InterDigital, Inc.

	R1-1802632
	Considerations on Random Access for Non-Terrestrial Networks
	InterDigital, Inc.


4 Key issues 

4.1 General principles

· Proposal 4.1.1: Consider only drop-based simulations for NTN channel models but still taking into account Doppler effect
· Proposal 4.1.2: Non terrestrial network channel models are generated by defining non terrestrial network specific parameters/features in TR 38.811 to extend the TR 38.901 model in all frequency selective channels.
· Proposal 4.1.3: Other Non terrestrial network channel models from ITU-R P-681 are also considered in TR 38.811 for specific cases (e.g. flat fading and possibly some frequency selective channels).
Note that using both models will allow cross check of results between the two independent modelling approaches especially for deployment scenarios D2, D3 and D5 (S band).
4.2 Frequency bands to which the NTN channel models will apply 
Option 1: Definition of Channel model for S and Ka band respectively
Option 2: Definition of Channel model for bands between  0.5 and 100 GHz with potential partitioning of the spectrum to allow different parameters & features per sub band (e.g. below/above 6GHz)
Proposal 4.2: The TR 38.811 will define a Non Terrestrial network Channel model framework allowing different parameters & features per sub band (e.g. S and Ka band). The final intent is to cover the frequency range between  0.5 and 100 GHz. Initially the parameters and features for the bands targeted in the deployment scenarios will be defined. 

Note: the NTN channel model frequency range applicability is independent from the ITU-R allocated spectrum
4.3 Antenna pattern for HAPS 

Option 1: use the 3GPP TR 38.901 antenna pattern of Base Station 
Option 2: use Bessel function based antenna pattern

Option 3: Option 1 and Option 2

Proposal 4.3: Select Option 3 which will use both “the 3GPP TR 38.901 antenna pattern of Base Station” and “Bessel function based antenna pattern” for HAPS antenna pattern
This doesn’t preclude the definition of other HAPS antenna patterns.
4.4 UE Antenna pattern for fast fading
Proposal 4.4: The following reference UE antenna patterns are adopted for fast fading:

· Quasi Isotropic - Linear polarisation (Quasi isotropic refers to dipole antenna which is omni-directional in one plane)
· Co-phased array - Dual Linear polarisation (one for below 6GHz band and one for above 6 GHz band as proposed by Nokia in R1-1802543)

This doesn’t preclude the definition of other UE antenna patterns.
Note: “VSAT type - circular polarisation: fixed or tracking” UE antenna pattern are also considered but only in deployment scenarios featuring only flat fading conditions

4.5 Shadow fading modelling
Option 1: Re use autocorrelation model from 3GPP TR 38.901 but with specific parameters for FFS (e.g. correlation distance)
Option 2: Land Mobile Satellite shadowing model based on measurements

Option 3: Option 1 and Option 2

Proposal 4.5: Option 3 is selected. Depending on the deployment scenarios, one of the shadowing models (3GPP TR 38.901 with specific parameters or ITU-R P681 LMS) can be used
4.6 Fast fading model in Frequency selective channel for link level and system level simulations

Option 1: 3GPP TR 38.901 methodology based

Option 2: ITU-R P-681 model based (only for quasi isotropic UE antenna pattern)
Option 3: Option 1 and Option 2

Proposal 4.6: Option 3 is selected. Depending on the deployment scenarios, one or both fast fading models (3GPP TR 38.901 model based or ITU-R P-681 model based) for frequency selective channel models can be used.

4.7 Path loss function

Option 1: leverage ABG path loss model from TR38.901 and extend with specifics parameters for NTN

Option 2: Define a specific path loss function for NTN

Proposal 4.7: For further study

4.8 Reference CDL

For NTN case, we could define

· Option 1: Several CDL according to elevation angles and possibly environment.

· Option 2: One CDL but allowing to scale it with respect to delay spread and angular spread, depending on elevation and environment

· Option 3: One CDL per reference elevation and scaled with respect to delay spread and angular spread, depending on the environment

Proposal 4.8: For further study
5 General NTN channel model features per deployment scenarios

For each deployment scenarios, the list of appropriate parameters/modelling features are identified in the tables below:
Table 1: NTN channel model features per deployment scenarios
	
	Deployment-D1
	Deployment-D2
	Deployment-D3
	Deployment-D4
	Deployment-D5

	Platform orbit and altitude
	GEO at 35 786 km
	GEO at 35 786 km
	Non-GEO down to 600 km
	Non-GEO down to 600 km
	HAPS between 8 km and 50 km

	Carrier Frequency on the link between Air / space-borne platform and UE
	Around 20 GHz for DL

Around 30 GHz for UL (Ka band)
	Around 2 GHz for both DL and UL (S band)
	Around 2 GHz for both DL and UL (S band)
	Around 20 GHz for DL

Around 30 GHz for UL (Ka band)
	Below 6 GHz

	Maximum Channel Bandwidth 

(DL + UL)
	Up to 2 * 800 MHz
	Up to 2 * 20 MHz
	Up to 2 * 20MHz
	Up to 2 * 800 MHz
	Up to 2 * 80 MHz

	UE antenna pattern + polarisation
	· VSAT type - circular polarisation
· Co-phased array - Dual Linear polarisation (Note 1)
	· Quasi Isotropic - Linear polarisation (Note 4)
· Co-phased array - Dual Linear polarisation (Note 2)
	· Quasi Isotropic - Linear polarisation (Note 4)
· Co-phased array - Dual Linear polarisation (Note 2)
	· VSAT type - circular polarisation
· Co-phased array - Dual Linear polarisation (Note 1)
	· Quasi Isotropic - Linear polarisation (Note 4)
· Co-phased array - Dual Linear polarisation (Note 2)

	UE type
	Handheld, nomadic, fixed, moving platform mounted
	Handheld, moving platform mounted
	Handheld, moving platform mounted
	Handheld, nomadic, fixed, moving platform mounted
	Handheld, moving platform mounted

	Airborne & space borne antenna pattern modelling + polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation
	Bessel function and circular polarisation
	· Bessel function and circular polarisation 
· 3GPP antenna pattern of Base Station (Dual Linear polarisation)


	Doppler cause
	Mainly UE mobility
	Mainly UE mobility
	UE + satellite mobility
	UE + satellite mobility
	UE + HAPS mobility

	O2I penetration loss
	No
	No
	No
	No
	Possible

	Atmospheric absorption
	Mandatory
	Negligible
	Negligible
	Mandatory
	Negligible

	Rain attenuation
	(Note 3)
	Negligible
	Negligible
	(Note 3)
	Negligible

	Cloud attenuation
	(Note 3)
	Negligible
	Negligible
	(Note 3)
	Negligible

	Scintillation
	Tropospheric
	Ionospheric
	Ionospheric
	Tropospheric
	Negligible

	Fast fading models (system level)
	Flat fading (Note 6)
	Flat fading (Note 6) or frequency selective fading (note 5) according to elevation and environments
	Flat fading (Note 6) or frequency selective fading (note 5) according to elevation and environments
	Flat fading  (Note 6)
	Frequency selective fading (note 5) according to elevation and environments

	Link level model
	Flat fading (Note 6)
	CDL or TDL
	CDL or TDL
	Flat fading (Note 6)
	CDL or TDL

	Shadowing model
	LMS (Land Mobile Satellite)
	LMS
	LMS
	LMS
	3GPP TR38.901 based


In the table above, the rows in black are already approved by RAN. They are just recalled for the interest of this document.

Note 1: as proposed by Nokia in R1-1802543 as 242
Note 2: as proposed by Nokia in R1-1802543 as 122

Note 3: Rain and cloud attenuation are not needed for system or link level simulations related to channel model, if they are already considered in the system dimensioning (e.g. link budget). If they need to be taken into account, ITU-R P618 models (Rain) and ITU-R P840 models (Cloud) shall be used.  
Note 4: Quasi isotropic refers to dipole antenna which is omni-directional in one plane
Note 5: The frequency selective fading refers to Geometry based Stochastic Channel Model or GSCM which is defined in (SCM/FP7 WINNER, 3GPP TR 38.901 etc.)

Note 6: Flat fading model refers to the 2 state model from ITU-R P681 (section 6). Since this model is based on time series, R1-1802975 proposes a method to adapt it to drop based simulations for system level evaluation.
Proposal: The NTN channel model should take into account for each deployment scenario, the set of features listed in the table 1 “NTN channel model features per deployment scenarios” 

6 Detailed NTN channel model features & parameters 
6.1 Path loss and shadowing
Nokia and Samsung will propose a path loss function
For Land Mobile Satellite shadowing model, the following parameters are required:

· TBD (Thales and ESA will propose a list)

For the 3GPP TR 38.901 shadowing model (autocorrelation), the following parameters are required:

· correlation distance (Note 1)
· standard deviation of the shadowing

These two parameters will depend on the elevation.

Note 1: The impact would be negligible in most satellite deployment scenarios where the UE density is typically low, while for HAPS, it should be considered.
6.2 Flat fading criteria
The intent is to provide a Table with coherence bandwidth depending on elevation and environment.

From this table, the applicability of the flat fading model will be derived

Bc defines the theoretical coherence bandwidth (1/ Ds)

Ds (Ds = Delay Spread) is function of environment, elevation and deployment scenario

The ITU-R definition for the delay spread (Tommi/Huawei to provide the ITU reference) is adopted
Huawei and Nokia could propose some definition for flat fading criteria 

6.3 Required parameters to reuse the TR38.901 methodology

6.3.1 Fast fading parameters for system level simulations
The following parameters are required:

· Line of Sight probability
· Mean and standard deviation of Delay spread

· Mean and standard deviation of AoA (Azimuth angle of Arrival)
· Mean and standard deviation of ZoA (Zenith angle of Arrival)

· Mean and standard deviation of XPR

· Mean and standard deviation of K factor
· Number of clusters
These above parameters will depend on the elevation, the environment and LOS conditions:

· The following set of reference elevation angles is considered: 10°, 20°, 30°,  40°, 50°, 60°, 70°, 80° and 90° (To Be Confirmed)
· The following environments are considered: Urban, sub-urban, rural

Other fast fading parameters are not precluded

6.3.2 Methodology for link level simulations
6.3.2.1 Reference CDL

Typically for cellular case, reference CDL has been defined
· according to the mean value of fast fading parameters (IMT advanced approach)
· according to the mean value of fast fading parameters but normalised through scaling method (3GPP TR 38.901 approach)

However for NTN case, there are several options to define Reference CDL (see key issue in 4.8)
6.3.2.2 Reference TDL

Reference TDL can be derived from CDL with spatial filtering (as described in 3GPP TR 38.901) using the UE antenna pattern and its orientation towards space/airborne vehicle.
The following reference UE antenna pattern are proposed:

· Quasi Isotropic - Linear polarisation
· Co-phased array - Dual Linear polarisation (one for S band and one for Ka band)

For the first UE antenna pattern, the orientation can be taken into account according to 3GPP TR 38.901 (Section 7.7.4)

For the second UE antenna pattern, the orientation can be taken into account with a method FFS (derived 

For space/airborne antenna pattern with circular polarisation, the polarisation can be modelled as the combination of two equal power linear polarisations with 90° phase shift.

Note 1: The “VSAT type - circular polarisation: fixed or tracking” UE antenna pattern is not considered because for in such case the channel is assumed to flat. Also both UE and Spaceborne antenna pattern are both circular polarised and the link is mostly line of sight
6.4 Alternative method for TDL generation based on wide band model from ITU-R P681
Thales, ESA and HNS will propose a text
7 Proposed skeleton for the chapter 6 “Non-Terrestrial Networks channel models” of TR 38.811
6. Non-Terrestrial Networks channel models6.1. Status/expectation of existing information for satellite/HAPS channels
6.1.1 Channel modeling works outside of 3GPP

6.1.2 Targeted user environment (Satellite: outdoor only; HAPS: outdoor & indoor)

6.1.3 Modeling objectives

6.2 Differences between satellite/HAPS and terrestrial channel modelling approaches
6.3 Coordinate system
6.4 Antenna modelling
6.4.1 HAPS/Satellite antenna
6.4.2 UE antenna
6.5 Methodology to define channel models
6.5.1 for system-level simulations
6.5.2 for link-level simulations
6.6 Large scale model
6.6.1 LOS probability
6.6.2 Path loss and Shadow fading
6.6.3 O2I penetration loss
6.6.4 Atmospheric absorption
6.6.5 Rain and cloud attenuation
6.6.6 Scintillation
6.7 Fast fading model
6.7.1 Flat fading
6.7.2 Frequency selective fading
6.7 Additional modelling components
6.7.1 Time-varying Doppler shift
6.8 Channel models for link level simulations
6.8.1 CDL models
6.8.2 TDL models (3GPP TR38.901 based and ITU-R based)
6.9 Channel model calibration
Proposal: This above skeleton is selected for the drafting of the chapter 6 “Non-Terrestrial Networks channel models” of TR 38.811
8 Review of other contributions

Unfortunately there was no time during offline discussions to treat separately each TDOCs submitted to the agenda item 7.3 but all contributors were present in the discussions.
9 References to be used

[1] ITU-R, “Propagation data required for the design of Earth-space land mobile telecommunication systems”, Recommendation ITU-R P.681-10 (12/2017).

[2] 3GPP TR 38.901

10 Annex

The following proposals helped to identify the key issues and recommend the NTN channel model features/parameters for each deployment scenarios

R1-1802960 discussion outcomes:

· Proposal 1: Consider only drop-based simulations for NTN channel models but still taking into account Doppler effect
· Proposal 2: For fixed scenarios and UE VSAT type antenna in Ka-band, an AWGN channel shall be considered
· Proposal 3: For mobile scenarios in Ka-bandand UE VSAT type antenna, the non-frequency selective channel (flat fading) defined in Section 6 of [1] shall be used 
· Proposal 4: For below 6 GHz scenarios or mobile scenarios in Ka-band with UE non-VSAT type antenna, flat fading channel or frequency selective channel will be used according to the propagation environments, channel bandwidth, and elevation thresholds. 
· Proposal 5: Frequency selective channel models for link level simulations could be based on TDL or CDL according to the propagation environments, channel bandwidth, and elevation thresholds
· Proposal 6: For system-level simulations, the generic fast fading model in [2] will be used
· Proposal 7: For system-level simulations, in addition a simplified alternative method (e.g. based on ITU-R satellite channel modelling in [1] can be used to generate TDL 
· Proposal 8: A set of  reference elevation angles shall be defined. Frequency selective channel parameters for other elevation angles shall be obtained by interpolation or by considering the closest reference elevation angle
· Proposal 9: For frequency selective channels, reference UE antenna patterns shall be defined.
· Proposal 10: For each deployment scenario, at least one reference antenna pattern shall be defined for the space or airborne vehicle. 
R1-1801360 discussion outcomes:

· Proposal 1: The following aspects should be part of the NTN channel models: LOS probability, polarization, Doppler, O2I penetration loss, atmospheric absorption, rain attenuation, cloud attenuation, scintillation, delay, delay spread, AoA(for CDL and generic model), TDL/CDL models, and different antenna types. 
· Some could be deployment scenarios and usage conditions dependant (e.g. O2I penetration loss, rain attenuation, cloud attenuation, scintillation)
· Proposal 2: The prioritization of deployment scenarios and frequencies should be done in the very early phase of the SI. 5 deployment scenarios have been agreed in RAN
· Proposal 3: The terrestrial multipath propagation caused by local scattering around the UE should be included in the channel model but will be negligible in some areas/conditions (e.g. open area, tracking directive UE antenna).
· Proposal 4: Merging of satellite and terrestrial models could be considered. Generating non terrestrial network channel models can be possible by defining non terrestrial network specific parameters/features extending the TR 38.901 model . These additional features will be described in TR38.811. TR 38.811 may also specify stand-alone channel models for specific cases.
R1-1802003 discussion outcomes:
· Proposal 1: HAPS channel model reuses the antenna pattern modelling methodology defined in TR 38.901.
· Proposal 2: The LOS probability model of HAPS is FFS.
· Proposal 3: For indoor coverage via HAPS, a three dimensional O2I penetration loss model should be considered.
· Proposal 4: Consider reusing the autocorrelation model of shadow fading in TR 38.901, with correlation distances FFS.
· Proposal 5: For HAPS, Reusing angular parameters of 38.901 at the UE side (Tx and Rx) may be considered.
· Proposal 6: Reusing additional modelling components of TR 38.901 for NTN channel model should be considered.
R1-1802551 discussion outcomes:
· Proposal 1: Two additional co-phased antenna panels (see R1-1802551) for handheld UE shall be considered to improve link budget for both below and above 6 GHz scenarios

· Proposal 2: The noise figure of these proposed co-phased antenna panels shall be considered in the link budget analysis
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