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1 Abstract
The objective of this document is to propose a text for the 6th clause of TR 38.811 “Study on NR to support Non-Terrestrial Networks” to be drafted as part of the study item NR-NTN.

2 Discussion

During RAN 92 WG1 in Athens, a skeleton for the 6th clause of TR38.811 was agreed (see [1]). Based on the several agreements that were made during the same meeting (also summarized in [1]), this contribution is a text proposal for sections 1 to 5, 6.7.1 and 10.1 of the 6th clause of TR 38.811.
3 Proposed text for approval

It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.
* * * Start of changes * * * * 
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* * * End of Changes * * * *

* * * Start of changes * * * * 

3.3 Abbreviations

2D

two-dimensional
3D

three-dimensional
AOA

Azimuth angle Of Arrival
AOD

Azimuth angle Of Departure

AS

Angular Spread
ASA

Azimuth angle Spread of Arrival
ASD

Azimuth angle Spread of Departure
AWGN

Additive White Gaussian Noise

CDF

Cumulative Distribution Function
CDL

Cluster Delay Line

DS

Delay Spread
GEO

Geostationary Earth Orbiting
K

Ricean K factor
LMS

Land Mobile Satellite

LOS

Line Of Sight

gNB

next Generation Node B
NLOS

Non-LOS
O2I

Outdoor-to-Indoor

PL

Path Loss

RMa

Rural Macro

RMS

Root Mean Square

Rx

Receiver

SF

Shadow Fading
TDL

Tapped Delay Line

TOA

Time Of Arrival

Tx

Transmitter

UE

User Equipment

UMa

Urban Macro

UMi

Urban Micro

VSAT

Very Small Aperture Terminal

UE

User Equipment
XPR

Cross-Polarization Ratio
ZOA

Zenith angle Of Arrival
ZOD

Zenith angle Of Departure
ZSA

Zenith angle Spread of Arrival
ZSD

Zenith angle Spread of Departure

* * * End of Changes * * * *

* * * Start of changes * * * * 

1 Non-Terrestrial Networks channel models

1.1 Status/expectation of existing information for satellite/HAPS channels

1.1.1 Channel modeling works outside of 3GPP

ITU recommendations are encompassing most recent works and measurements on satellite channel models.

· ITU-R P.681 [1] defines the Land Mobile Satellite channel with measurements up to 20GHz

· ITU-R P.618 [2] describes atmospheric effects such as gas attenuation, scintillation, rain and cloud attenuation.
1.1.2 Targeted user environment
Only outdoor conditions are considered for satellite operations, since performance requirements are not expected to be met with the available link budget for indoor communications.

Since HAPS are closer to the Earth, resulting in less path loss than in satellite access networks, additional indoor conditions are also considered for HAPS. 

Several user environments will be considered, depending on the frequency band: open, rural, suburban and urban. In open environments (such as fixed terminals or terminals mounted on boats/aircrafts), an AWGN channel is assumed.

1.1.3 Modeling objectives
The requirements for channel modelling are as follows:
· Support frequency range from 0.5GHz up to 100GHz. Two frequency bands are targeted in particular: below 6GHz and Ka bands. For Ka band communications, the uplink frequency is around 30GHz while the downlink frequency is around 20GHz.
· Accommodate UE mobility. For satellite channel models, mobility speed up to 1000km/h is supported; this corresponds to aircrafts that can be served by satellite access. For HAPS channel models, mobility speed up to around 500 km/h is supported, corresponding to high speed trains.

1.2 Differences between satellite/HAPS and cellular channel modelling

The terrestrial channel model described in [3] and commonly used satellite channel models such as the ITU models, differ in the following points:
	Channel model attributes
	Terrestrial  from TR38.901 (all frequencies)
	Satellite below 6GHz
	Satellite in Ka band (considering poor scattering environment)

	Frequency selectivity
	Frequency selective fading (Rayleigh to Rician)
	Frequency flat fading for bandwidth < 5 MHz (*), frequency selective fading otherwise (Rayleigh to Rician)
	Frequency flat fading for UE with directive antenna

	AoA cluster modeling
	Yes
	No
	No

	Time varying model
	Based on a spatial consistency procedure
	Based on a semi-Markov or Markov chain
	Based on a semi-Markov or Markov chain


(*) approximately, coherence bandwidth is function of elevation, environment and LOS conditions
1.3  Coordinate system

A three-dimensional global coordinate system is considered, described as “Earth Centred Earth fixed”. The Earth is approximated as a true sphere with radius of 6371km. The coordinates’ origin O lies in the center of the earth, x-y plane locates in the equator plane with x-axis pointing to 0 degree longitude, y axis pointing to 90 degree longitude, and z-axis pointing to geographical north pole from the origin O.
A UE or a satellite position is described by a set of three parameters
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The proposed coordinate system is illustrated in Figure 1 for a non-GEO satellite constellation.
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Figure 1: Illustration of the coordinate system
1.4 Antenna modelling

1.4.1 HAPS/Satellite antenna
Satellite antenna pattern

The following normalized pattern, corresponding to a typical reflector antenna with a circular aperture, is considered
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where J1(x) is the Bessel function of the first kind and first order with argument x, 

 is the radius of the antenna’s circular aperture, k = 2f/c is the wave number, f is the frequency of operation, c is the speed of light in a vacuum and  is the angle measured from the bore sight of the antenna’s main beam. Note that ka equals to the number of wavelengths on the circumference of the aperture independent of the operating frequency.
HAPS antenna pattern

Two different antenna patterns are considered:

· The above antenna pattern defined for satellite scenarios, based on the Bessel function

· The 3GPP antenna pattern defined for the base station in Section 7.3 of [3], corresponding to a uniform rectangular panel array with dual linear polarization

1.4.2 UE antenna pattern
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)
· “VSAT type - circular polarization: fixed or tracking” UE antenna pattern (only in deployment scenarios featuring flat fading conditions)
1.5 Methodology to define channel models

1.5.1 for system-level simulations
Only drop-based simulations are considered, similarly to [3]. For a given scenario, channel coefficients are generated following the procedure described in [3], and depicted in Figure 2.

An alternative and simplified model can be applied for UE meeting flat fading criteria. In this case, the channel coefficients reduce to a single tap, since the channel is not frequency selective. This simplified model, derived from [1] is depicted in Figure 3.
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Figure 2: Channel coefficient generation procedure issued from [3]
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Figure 3: Simplified channel coefficient generation
1.5.2 for link-level simulations
Similarly to [3], reference CDL and TDL are considered for link-level simulations.
1.6 Large scale model (TBD)
1.6.1 LOS probability
1.6.2 Path loss and Shadow fading
1.6.3 O2I penetration loss
1.6.4 Atmospheric absorption
1.6.5 Rain and cloud attenuation
1.6.6 Scintillation
1.7  Fast fading model
1.7.1 Flat fading
Most literature on satellite channel models assume a flat fading model [4][5][6], focusing on UE received power variations with time. Such models can also be used to generate drop-based simulations. The most up-to-date model is the ITU two-state model described in [1], where the signal level is statistically described with a good state (corresponding to LOS and slightly shadowed conditions) and a bad state (corresponding to severe shadowed conditions).  The state duration is described by a semi-Markov model. Within each state fading is described by a Loo distribution where the received signal is the sum of the direct path signal and the diffuse multipath. The Loo distribution is therefore defined with the following parameters:

· Mean of the direct signal

· Standard deviation of the direct signal

· Mean of the multipath
The following procedure shall be followed for system-level evaluations :
Step 1: Set general parameters related to environment and satellite link as follow:

· Set the center frequency from 1.5GHz to 20GHz. 

· Choose one of the following LMS scenarios available (in S band: urban, suburban, rural wooded, residential – in Ka band: suburban, rural wooded)

· Set the link elevation assuming a rounded value towards the closest available elevation for the frequency/environment chosen (20°, 30°, 34°, 45°, 60°, 70°)

· Give UE position, array orientation, speed and direction of motion in the global coordinate system.
Step 2: Determine the (µ,()G,B , (
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, (g1,g2)G,B, (h1,h2)G,B, (durmin)G,B ,(f1,f2), pB,min and pB,max from the input parameters table provided in Annex 2 of [1] and summarized in Table 3.

Table 1: Model parameters of the 2-state model

	Parameter
	Description

	(µ,()G,B
	Mean and standard deviation of the log-normal law assumed for events duration (m)

	durminG,B
	Minimum possible events duration (m) 

	 (
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	Parameters of the MA G,B  distribution (MA being the average value of the direct path amplitude A over one event) (dB)

	MP = h1G,BMA+h2G,B
	Multipath power, MPG,B,  (one 1st order polynomial for each state), (dB)
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 (one 1st order polynomial for each state)

	LcorrG,B*
	Direct path amplitude correlation distance (m)

	f1ΔMA+f2
	Transition length, Ltrans (one single 1st order polynomial), (m)

	[pB,min , pB,max]
	Probability range to consider for the MA B  distribution

	Remark: G stands for the GOOD state and B stands for the BAD state.

*
Only for generative modelling.


Assign propagation condition (GOOD/BAD) states in the original procedure from [4]. The propagation conditions for different Earth-space links are uncorrelated. 

The GOOD and BAD state probability is calculated as follows :
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· Where subscripts G, B and T stand respectively for good, bad and transition states, 
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 the mean duration of the considered state in meters, durmin the minimal state duration in meters, µ and σ respectively the mean and standard deviation of the assumed log-normal law in m.

· pN(x; (,() and FN(x; (,() are respectively the probability density function and the cumulative distribution function of a normal distribution with mean ( and standard deviation ( as defined in Recommendation ITU-R P.1057

· Where 
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GB are the parameters of the average value of the direct path amplitude A over one event, [pB,min , pB,max] the probability range to consider for the MA,B distribution.

Step 3: Draw MAi, the mean power of the direct signal, as a normally distributed parameter function of 
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Where fc is in GHz and d is in meters.

Compute ΣAi et MPi, respectively the standard deviation of the direct signal and the mean multipath power both expressed in dB where suscript i designate the good or bad state, as follow:


ΣAi = g1iMAi + g2i











MPi = h1iMAi + h2i

Step 4: Draw the fading according to the Loo distribution, given by
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With 2
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being the multipath mean received power expressed in dB, i.e.  MPi = 10log (2
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1.7.2 Frequency selective fading (TBD)
1.8    Additional modelling components (TBD)
1.8.1 Time-varying Doppler shift
1.9  Channel models for link level simulations (TBD)
1.9.1 CDL models
1.9.2 TDL models (3GPP TR38.901 based and ITU-R based)
1.10 Channel model calibration
1.10.1 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


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.
1.10.2 TBD
* * * End of Changes * * * *
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