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1. Introduction
This document captures initial simulation assumptions for the NTN coexistence study.
2. Discussion
2.1 Co-existence simulation scenarios
In [3], the proposed scenarios for coexistence study are duplicated in the following table.
Table 2.1-1 Scenarios for NTN-NTN/TN co-existence
	FR1: 2GHz
	Set 1
	Set 2
	HAPS

	
	GEO
	LEO 600km
	LEO 1200km
	GEO
	LEO 600km
	LEO 1200km
	

	NR / NB-IoT
	Rural
	X
	X
	X
	X
	X
	X
	FFS

	
	Urban macro
	X
	X
	X
	X
	X
	X
	FFS

	
	Dense Urban
	X
	X
	X
	X
	X
	X
	FFS

	
	Indoor
	X
	X
	X
	X
	X
	X
	

	NTN
	GEO
	Set 1
	X
	X
	X
	N/A
	N/A
	N/A
	FFS

	
	LEO 1200km
	
	X
	X
	X
	N/A
	N/A
	N/A
	FFS

	
	LEO 600km
	
	X
	X
	X
	N/A
	N/A
	N/A
	FFS

	
	GEO
	Set 2
	N/A
	N/A
	N/A
	X
	X
	X
	FFS

	
	LEO 1200km
	
	N/A
	N/A
	N/A
	X
	X
	X
	FFS

	
	LEO 600km
	
	N/A
	N/A
	N/A
	X
	X
	X
	FFS

	Note 1: Start with Earth Fixed beam first, Earth Moving Beams could be further discussed
Note 2: Set 1 and Set 2 could be found in Table 6.1.1.1-6 of TR 38.821. FFS if one set would be more stringent and so, if all simulations would be needed for both sets.
Note 3: GEO and LEO only operate at adjacent channel.



The aggressor and victim combination is list in Table 2.1-2.
Table 2.1-2 Aggressor and victim 
	No.
	Combination
	Aggressor
	Victim
	Notes

	1
	TN with NTN
	TN DL
	NTN DL
	

	2
	TN with NTN
	TN UL
	NTN UL
	

	3
	TN with NTN
	NTN DL
	TN DL
	

	4
	TN with NTN
	NTN UL
	TN UL
	

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 

	7
	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO or GEO-GEO

	
	
	NTN UL
	NTN UL
	LEO-LEO or GEO-GEO



The proposed frequency and bandwidth are listed as table 2.1-3.
Table 2.1-3.  Proposed frequency and bandwidth for co-existence study
	
	Frequency
	Bandwidth
	Duplex mode
	Frequency reuse factor

	Rural
	2 GHz
	TBD
	FDD, TDD
	[1]

	Urban macro
	2 GHz
	TBD
	FDD, TDD
	[1] 

	Dense Urban
	2 GHz
	TBD
	FDD, TDD
	[1]

	GEO
	2 GHz
	30 MHz for FR1
	FDD
	 [2] or [3]

	LEO
	2 GHz
	30 MHz for FR1
	FDD
	 [2] or [3]

	HAPS
	2 GHz
	TBD
	FDD
	[1]



2.2. Network layout model
Cellular cell structure is considered for both NTN and TN network layout. 
Co-existence between NTN and TN
For co-existence between NTN and TN, it is proposed to consider [TBD] satellite(s) and the layout is FFS. The number of TN IMT BS should be large enough to emulate the interference seen by the satellite from the IMT systems. It is FFS on exact range of TN BS deployment based on simulations. 
Co-existence between NTN and NTN
For co-existence between NTN and NTN, the following 2 cases are considered as [candidate options].
· One satellite carries two neighbour carriers, where the footprints of the 2 carriers are the same and coordinated see figure 2.2-1. 
· Two satellites (GEO and LEO) operate on two neighbour carriers but at different height, see figure 2.2-2. The number of LEO satellite and footprints are FFS.
Co-existence between HAPS and TN
For co-existence between HAPS and TN, the exact layout is FFS.
Figure2.1-1 Layout for coexistence between NTN and TN (TBD)


Figure 2.2-2 Layout for coexistence between NTN systems 




Figure 2.2-3 Layout for coexistence between NTN systems (different height satellites)

2.3. Simulation parameters 
Two sets of satellite parameters are proposed in Table 2.3-1 and Table 2.3-2 according to TR 38.821.
Table 2.3-0 Simulation assumptions of TN respectively based on NB-IoT and NR
	
	NB-IoT
standalone
	NR

	Carrier frequency in GHz
	 2
	 2

	Size of each nominal channel BW in MHz
	0.2
	20

	Transmission bandwidth in MHz
	0.18
	9

	Environment
	Urban macro
Sub-urban
Rural

	Urban macro
Sub-urban
Rural

	Network layout
	19-sites [57 sectors] with wrap-around
	19-sites [57 sectors] with wrap-around

	Inter-site distance in meter
	500 for 2GHz band for UMA
	500 for 2GHz band for UMA

	System loading and activity
	Full buffer 100%
	Full buffer 100%

	Network location
	FFS
	FFS

	DL subcarrier spacing
	15kHz
	15kHz

	UL
	See RP-152284
	OFDMA

	DL power control
	No
	No

	UL power control
	36.942 section 5.1.1.6 (set 1) by bandwidth scale, target SNR at BS is 15 dB
	36.942 section 5.1.1.6 (set=1)

	Frequency reuse
	1
	1

	Number of scheduled UE per cell (DL)
	1
	1

	Number of scheduled UE per cell (UL)
	3 for multi-tone (60kHz per UE), 12 for 15kHz single-tone, 48 for 3.75kHz single-tone
	3

	BS antenna height in meter
	30
	30

	BS max TX power in dBm
	43dBm/200kHz
	46

	BS antenna gain including feeder loss in dBi
	15
	15

	BS antenna pattern
	Horizontal (36.942)
	[8x4x2 AAS BS]

	BS antenna front-back ratio in dB
	20
	20

	UE antenna height in meter
	1.5
	1.5

	UE TX power in dBm
	-40 to 23
	-40 to 23

	UE antenna gain in dBi
	0
	0

	Building penetration loss
	45.820 Annex D.1 
	n/a

	Cell selection margin in dB
	3
	3

	BS-MS min couple loss in dB
	70
	70

	BS noise figure in dB
	5
	5

	UE noise figure in dB
	9
	9

	BS-UE path-loss model
	TR36.942 macro urban
	TR38.803 

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	10

	Shadowing correlation
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1

	Link-level performance model
	
	 section 2.9 

	Evaluation metrics
	SINR vs ACS (as victim)
	SINR and throughput loss vs standalone NB-IoT ACLR (as victim); 



Table 2.3-1 Set-1 satellite parameters for co-existence study
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture
	
	22 m
	2 m
	2 m

	Satellite EIRP density
	2GHz
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	2 GHz
	22 m
	2 m
	2 m

	[bookmark: OLE_LINK62]G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.



Table 2.3-2 Set-2 satellite parameters for co-existence study
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions

	Satellite EIRP density
	2GHz
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg
	8.8320 deg

	Satellite beam diameter
	
	450 km
	190 km
	90 km

	Payload characteristics for UL transmissions

	G/T
	2 GHz
	14 dB K-1
	-4.9 dB K-1
	-4.9 dB K-1

	Satellite Rx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi


Table 2.3-3 HAPS parameters for co-existence study (TBD)

Table 2.3-4 UE characteristics for co-existence study
	Characteristics
	Handheld

	Frequency band
	2 GHz

	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	0 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	0 dBi per element



Table 2.3-5 ACLR/ACS for TN  (2GHz)
	
	NR
	NB-IOT

	BS
	ACLR
	45 dB
		40 dB	

	
	ACS
	45 dB
	45 dB

	UE
	ACLR
	30dB (ACLR1)
43dB (ACLR2)
	37

	
	ACS
	33
	28



Table 2.3-6: Other simulation parameters for NR
	Parameters
	NR
	NB-IOT
	NTN

	Carrier frequency
	2GHz
	2GHz
	2GHz

	Channel bandwidth
	20MHz
	200kHz
	5MHz

	Scheduled channel bandwidth per UE (DL)
	
	
	

	Scheduled channel bandwidth per UE (UL)
	
	
	

	The number of active UE (DL) (Note 1)
	1
	1
	1

	The number of active UE (UL) (Note 1)
	1/3
	1/3
	1/3

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	DL power control
	NO
	NO
	NO

	UL power control
	YES
	YES
	TBD

	BS max TX power in dBm
	43
	43
	TBD

	UE max TX power in dBm
	23
	23
	23

	UE min TX power in dBm
	-33
	-33
	-33

	BS Noise figure in dB
	5 (@2GHz)
	5 (@2GHz)
	TBD

	UE Noise figure in dB
	9
	9
	7

	Handover margin
	3dB
	3dB
	3dB

	Note 1: Further down scope between 1 and 3 will be done based on later simulations.



2.4. Antenna and beam forming pattern modelling
2.4.1 Satellite and UE Antenna and beam forming pattern modelling
Satellite and UE Antenna and beam forming pattern modelling of satellite could be referred to section 6.1.1.1 in TR 38.821 [5].
Satellite antenna pattern
The following normalized antenna gain pattern, corresponding to a typical reflector antenna with a circular aperture, is considered

	1	
	[image: ]	[image: ]


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 and is independent of the operating frequency.
The normalized gain pattern for a = 10 c/f (aperture radius of 10 wavelengths) is shown in Figure 2.4.1-1.
[image: A close up of a logo

Description generated with very high confidence]
Figure 2.4.1-1: Satellite antenna gain pattern for aperture radius 10 wavelengths, a=10 c/f

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 [12], corresponding to a uniform rectangular panel array with dual linear polarization.

Satellite and UE beam forming pattern
The following table is agreed for the beam layout definition for a single satellite simulation
Table 2.4.1-1: Beam layout definition for single satellite simulation
	Scenario
	Scenario A, C2 and D2

	Beam layout definition
	Baseline: Hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame.
Only the 3dB beam width parameters should be used. The beam diameter and beam spacing values can be computed directly from the 3 dB beam width assumptions and should be considered as informative. 

	Number of beams
	Baseline: 7-beam layout (i.e. 6 co-frequency beams surrounding the central beam)

	UV plane illustration (extracted from [19])
	[image: ]

	UV plane convention
	U axis is defined as the perpendicular line to the satellite-earth line on the orbital plane as illustrated here after:
[image: ]
The straight line being orthogonal to UV plane is pointing towards the Earth centre.
UV coordinates of the nadir of the reference satellite is (0,0)

	Adjacent beam spacing on UV plane
	Baseline: Adjacent beam spacing computation based on 3dB beam width of the satellite antenna pattern:
ABS = sqrt(3) x sin(HPBW/2 [rad])

	Central beam bore sight direction definition
	Baseline: 
Case 1: Central beam center is considered at nadir point



	Frequency re-use factor
	Option 1: 1
[image: ]
Option 2: 3
[image: ]
Option 3: 2 if polarization re-use is enabled
[image: ]

	Polarization re-use
	Option 1: Disable
Option 2: Enable
Note: Polarization re-use should apply only if circular polarization for terminal antenna is considered 

	Channel model
	Large scale model of [2] (Note 2)

	Deployment scenarios
	Base-line: Rural
Additional deployment scenario results can be provided

	Propagation conditions
	Base-line: 
Clear Sky
Line of sight

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UE distribution
	Base-line for calibration: at least X=10 UEs per beam with uniform distribution in all the Voronoi cell area associated to each beam.
The cell area associated to a given beam is defined as the Voronoi cell associated with the corresponding beam centers.

	UE configuration
	S-band:
Handheld (optional for scenario A)

	UE orientation
	VSAT and Others: Ideal Tracking serving beam;
Handheld: Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Metrics for calibration
	Base-line: Coupling loss, Geometry
Note: Coupling loss is defined as the signal loss from the antenna port to the antenna port

	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: For the calibration purpose, the ionospheric scintillation loss shall be considered equal to zero (i.e., the UEs are located between 20 and 60 degrees of latitude). The atmospheric absorptions loss shall be considered.



The beam layout parameters captured in the following table are adopted as a starting point for single satellite simulations.
Table 2.4.1-2: Beam layout parameters for single satellite simulation
	Scenario
	Scenario A
	Scenario C2/D2

	Carrier frequency
	S-band: 2 GHz
Ka-band: 20 GHz for DL
	S-band: 2 GHz
Ka-band: 20 GHz for DL

	Adjacent beam spacing (ABS) on UV plane
	S-band: 
Set 1: ABS = 0.0061
Set 2:ABS = 0.0111
Ka-band: 
Set 1: ABS = 0.0027
Set 2: ABS = 0.0067
	S-band: 
Set 1: ABS = 0.0668
Set 2: ABS = 0.1334
Ka-band: 
Set 1: ABS = 0.0267
Set 2: ABS = 0.0667

	Satellite location
	Any position on the geostationary orbit
	Any position on the LEO orbit

	Central beam center elevation angle target
	Baseline: 45 deg
	Baseline: 90 deg

	Central beam bore sight direction coordinates in UV plane
	Baseline: (0.107,0)
	Baseline: (0,0)

	Gateway direction coordinates in UV plane
	Baseline: Same as central beam bore sight direction coordinates in UV plane
Note: Not needed for calibration


2.4.2 TN BS and UE Antenna and beam forming pattern modelling
[bookmark: _Toc518937158][bookmark: _Toc46233017]Antenna and beam forming pattern modelling of TN BS and UE could be referred to TR 38.803 [6].
BS antennas

,


 is the 3dB beam width which corresponds to 65 degrees, and  is the maximum attenuation
Antenna heights and gains for macro cells are given in table 2.4.2-1.
Table 2.4.2-1: Antenna height and gain for Macro Cells
	

	Rural Area
	Urban Area

	
	900 MHz
	2000 MHz
	900 MHz

	BS antenna gain (dBi) (including feeder loss)
	15
	15
	12

	BS antenna height (m)
	45
	30
	30



[bookmark: _Toc518937161][bookmark: _Toc46233020]UE antenna
For UE antennas, an omni-directional radiation pattern with antenna gain 0dBi is assumed.The antenna and beam forming pattern modeling for HAPS is FFS.
2.5. Propagation model between NTN and UE
Propagation model between NTN and UE could be referred to section 6.6 in TR 38.811 [5].
[bookmark: _Toc21293826][bookmark: _Toc46012054][bookmark: _Toc46320106][bookmark: _Toc52563597]2.5.1	LOS probability
Line-Of-Sight (LOS) probability depends on UE environment and elevation angle, and is obtained from Table 2.5.1-1. Reference elevation angles are considered from 10° to 90° with a 10° step. For an UE-to-satellite or UE-to-HAPS link, the LOS probability is taken from the nearest reference elevation angle. 
Table 2.5.1-1 LOS probability
	Elevation
	Dense urban scenario
	Urban scenario
	Suburban and Rural scenarios

	10°
	28.2%
	24.6%
	78.2%

	20°
	33.1%
	38.6%
	86.9%

	30°
	39.8%
	49.3%
	91.9%

	40°
	46.8%
	61.3%
	92.9%

	50°
	53.7%
	72.6%
	93.5%

	60°
	61.2%
	80.5%
	94.0%

	70°
	73.8%
	91.9%
	94.9%

	80°
	82.0%
	96.8%
	95.2%

	90°
	98.1%
	99.2%
	99.8%



[bookmark: _Toc21293827][bookmark: _Toc46012055][bookmark: _Toc46320107][bookmark: _Toc52563598]2.5.2	Path loss and Shadow fading
The signal path between a satellite or HAPS transmitter and an NTN terminal undergoes several stages of propagation and attenuation. The path loss (PL) is composed of components as follows:
	,	

where	is the total path loss in dB,

	 is the basic path loss in dB,

	 is the attenuation due to atmospheric gasses in dB,

	 is the attenuation due to either ionospheric or tropospheric scintillation in dB,

	is building entry loss in dB.

This section specifies the basic path loss model () which accounts for the signal's free space propagation, clutter loss, and shadow fading. 
The free space path loss (FSPL) in dB for a separation distance d in meter and frequency  in GHz is given by
		(6.6-2)

For a ground terminal, the distance d (a.k.a. slant range), as shown in Figure 2.5.2-1, can be determined by the satellite/HAPS altitude  and elevation angle α by
	,	

where  denotes Earth radius.


Figure 2.5.2-1: Slant range d between a satellite and a ground terminal


Clutter loss (CL) models the attenuation of signal power caused by surrounding buildings and objects on the ground. It depends on the elevation angle α, the carrier frequency fc, and the environment. Shadow fading (SF) is modeled by a log-normal distribution, which when expressed in decibel unit, is a zero-mean normal distribution with a standard deviation , i.e., .
The basic path loss in dB unit is modeled as
	,	





where  is the free space path loss, is clutter loss, and  is shadow fading loss represented by a random number generated by the normal distribution, i.e.,  ~. When the UE is in LOS condition, clutter loss is negligible and should be set to 0 dB in the basic path loss model.


The values of  and  are given in tables 2.5.2-1 to 2.5.2-3 at reference elevation angles for different scenarios. The UE in a particular scenario should take the values corresponding to the reference angle nearest to its elevation angle α.
Table 2.5.2-1: Shadow fading and clutter loss for dense urban scenario
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS

	
	
 (dB)
	
(dB)
	
(dB)
	
 (dB)
	
 (dB)
	
(dB)

	10°
	3.5
	15.5
	34.3
	2.9
	17.1
	44.3

	20°
	3.4
	13.9
	30.9
	2.4
	17.1
	39.9

	30°
	2.9
	12.4
	29.0
	2.7
	15.6
	37.5

	40°
	3.0
	11.7
	27.7
	2.4
	14.6
	35.8

	50°
	3.1
	10.6
	26.8
	2.4
	14.2
	34.6

	60°
	2.7
	10.5
	26.2
	2.7
	12.6
	33.8

	70°
	2.5
	10.1
	25.8
	2.6
	12.1
	33.3

	80°
	2.3
	9.2
	25.5
	2.8
	12.3
	33.0

	90°
	1.2
	9.2
	25.5
	0.6
	12.3
	32.9



Table 2.5.2-2: Shadow fading and clutter loss for urban scenario
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS

	
	
 (dB)
	
(dB)
	
(dB)
	
 (dB)
	
 (dB)
	
(dB)

	10°
	4
	6
	34.3
	4
	6
	44.3

	20°
	4
	6
	30.9
	4
	6
	39.9

	30°
	4
	6
	29.0
	4
	6
	37.5

	40°
	4
	6
	27.7
	4
	6
	35.8

	50°
	4
	6
	26.8
	4
	6
	34.6

	60°
	4
	6
	26.2
	4
	6
	33.8

	70°
	4
	6
	25.8
	4
	6
	33.3

	80°
	4
	6
	25.5
	4
	6
	33.0

	90°
	4
	6
	25.5
	4
	6
	32.9



Table 2.5.2-3: Shadow fading and clutter loss for suburban and rural scenarios
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS

	
	
(dB)
	
(dB)
	
(dB)
	
(dB)
	
(dB)
	
(dB)

	10°
	1.79
	8.93
	19.52
	1.9
	10.7
	29.5

	20°
	1.14
	9.08
	18.17
	1.6
	10.0
	24.6

	30°
	1.14
	8.78
	18.42
	1.9
	11.2
	21.9

	40°
	0.92
	10.25
	18.28
	2.3
	11.6
	20.0

	50°
	1.42
	10.56
	18.63
	2.7
	11.8
	18.7

	60°
	1.56
	10.74
	17.68
	3.1
	10.8
	17.8

	70°
	0.85
	10.17
	16.50
	3.0
	10.8
	17.2

	80°
	0.72
	11.52
	16.30
	3.6
	10.8
	16.9

	90°
	0.72
	11.52
	16.30
	0.4
	10.8
	16.8



2.6. Propagation model between TN and UE
Propagation model between TN BS and UE could be referred to section 5.2.2 in TR 38.803 [6].
[bookmark: _Toc494384411]2.6.1	Path loss
The Path loss model is summarized in Table 2.6.1-1 and the distance definitions are indicated in Figure 2.6.1-1. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 2.6.1-1.
Table 2.6.1-1: Pathloss models
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow
fading
std [dB]
	Applicability range,
antenna height
default values 

	UMa LOS
	



	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)

d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 25 m


	UMa NLOS
	




	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m
hBS = 25 m
Explanations: see note 3

	UMi - Street Canyon
LOS
	




	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m

	UMi – Street Canyon NLOS
	



	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m
Explanations: see note 4

	InH - Office LOS
	

	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
	



	σSF=8.03
	1<d3D<86m

	Note 1:	d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise.
Note 2:	The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:	UMa NLOS pathloss is from TR36.873 with simplified formatand and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.
Note 4:	PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.
Note 5:	Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:	fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



	

	


	
	

	Definition of d2D and d3D 
for outdoor UEs
	Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 



Figure 2.6.1-1: Distance definitions
[bookmark: _Toc494384412]2.6.2	LOS probability
The Line-Of-Sight (LOS) probabilities are given in Table 2.6.2-1.
Table 2.6.2-1: LOS probability
	Scenario
	LOS probability (distance is in meters)

	UMi – Street canyon
	Outdoor users:



Indoor users:

Use d2D-out in the formula above instead of d2D


	UMa
	Outdoor users:


where


and


Indoor users:
Use d2D-out in the formula above instead of d2D

	Indoor – Open office
	


	Note: 	The LOS probability is derived with assuming antenna heights of 3m for indoor, 10m for UMi, and 25m for UMa



[bookmark: _Toc494384413]2.6.3	O-to-I penetration loss
The Path loss incorporating O-to-I building penetration loss is modelled as in the following:
PL = PLb + PLtw + PLin + N(0, σP2)
where PLb is the basic outdoor path loss given. PLtw is the building penetration loss through the external wall, PLin is the inside loss dependent on the depth into the building, and σP  is the standard deviation for the penetration loss.
PLtw is characterized as:

	

  is an additional loss is added to the external wall loss to account for non-perpendicular incidence;

, is the penetration loss of material i, example values of which can be found in Table 2.6.3-1.

pi is proportion of i-th materials, where ; and
N is the number of materials.
[bookmark: _Ref445048671][bookmark: _Ref445048576]Table 2.6.3-1: Material penetration losses
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	

	IRR glass
	

	Concrete
	

	Wood
	

	Note: 	f is in GHz



Table 2.6.3-2 gives PLtw, PLin and σP  for two O-to-I penetration loss models. The O-to-I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
[bookmark: _Ref445049023]Table 2.6.3-2 O-to-I penetration loss model
	 
	Path loss through external wall:  [dB]
	Indoor loss:  [dB]
	Standard deviation: σP  [dB]

	Low-loss model
	

	0.5d2D-in
	4.4

	High-loss model
	

	0.5d2D-in
	6.5



d2D-in is minimum of two independently generated uniformly distributed variables between 0 and 25 m for RMa, UMa and UMi-Street Canyon. d2D-in shall be UT-specifically generated.
Both low-loss and high-loss models are applicable to UMa and UMi-Street Canyon.
Only the low-loss model is applicable to RMa.
The composition of low and high loss is a simulation parameter that should be determined by the user of the channel models, and is dependent on the use of metal-coated glass in buildings and the deployment scenarios. Such use is expected to differ in different markets and regions of the world and also may increase over years to new regulations and energy saving initiatives. Furthermore, the use of such high-loss glass currently appears to be more predominant in commercial buildings than in residential buildings in some regions of the world.
The pathloss incorporating O-to-I car penetration loss is modelled as in the following:
	PL = PLb + N(μ, σP2)
where PLb is the basic outdoor path loss given in Section 7.4.1. μ = 9, and σP = 5. Optionally, for metallized car windows, μ = 20 can be used. The O-to-I car penetration loss models are applicable for at least 0.6-60 GHz.
[bookmark: _Ref363806083][bookmark: _Ref363806159]
Propagation model between NTN BS and TN BS should reference to TS 38.811 which is used for DL-UL cross link interference for S band.
Propagation model between HAPS BS and UE is defined in TR 38.811 [5] 

[bookmark: _Toc494384421]2.7. Transmission power control model
For downlink scenario, no power control scheme is applied.
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 [7] could be applied for TN with following parameters.



Where, Pmax = 23dBm, Rmin = TBD dB, CLx-ile and γ are set as following:
-	CLx-ile = 88 + 10*log10 (200/X) + 11 – Y, 
where X is UL transmission BW (MHz) and Y is the BS noise figure
-	γ = 1For uplink scenario, TPC model for NTN is FFS.
[bookmark: _Toc494384422]2.8. Received power model
The received power in downlink and uplink scenarios is defined as below:
RX_PWR = TX_PWR – Path loss + G_TX + G_RX
Where,
RX_PWR is the received power
TX_PWR is the transmitted power
G_TX is the transmitter antenna gain (directional array gain)
G_RX is the receiver antenna gain (directional array gain).

2.9. Performance metric
For NR,
The average throughput loss and 5%-ile throughput loss should be less than 5%.

For NB-IOT, 
The average throughput loss and SNR loss, 5%-ile throughput loss and SNR loss should be according to 36.802

For NTN,
FFS 
[bookmark: _Toc494384424]2.10. Throughput ~ SNR mapping
Use section 5.2.7 of TR 38.803.
The throughput of a modem with link adaptation can be approximated by an attenuated and truncated form of the Shannon bound. (The Shannon bound represents the maximum theoretical throughput than can be achieved over an AWGN channel for a given SNIR). The following equations approximate the throughput over a channel with a given SNIR, when using link adaptation:
	
Where:	
S(SNIR)     Shannon bound, S(SNIR) =log2(1+SNIR)  bps/Hz
                Attenuation factor, representing implementation losses
SNIRMIN    Minimum SNIR of the code set, dB
SNIRMAX   Maximum SNIR of the code set, dB
The parameters α, SNIRMIN and SNIRMAX can be chosen to represent different modem implementations and link conditions.

2.11. Methodology of TN and NTN coexistence simulation
Adopt the following simulation steps:

1. Aggressor and victim network are generated.
-	NTN central beam is at satellite nadir, surrounded with 6 co-frequency beams.
-	TN center is randomly generated within the NTN central beam.
-	NTN to TN: 19-cell with wrap around
-	TN to NTN: It is expected that a large number of cells are needed. The exact number of cell should be decided by system level simulation. 
2.	UE associations
-	NTN UE is randomly generated within the TN area depending on the NTN UE density.
-	TN UE is randomly generated inside the TN network. TN UEs are associated to each TN sectors based on coupling loss.
3.	Once association is done, round robin scheduling is used. BF weights are adjusted to point to the LOS direction between BS-UE. This is done for both victim and aggressor networks.
4.	Throughput is computed in the victim systems without considering ACI as below:
-	, where  is the inter-cell interference.
5.	Throughput is computed considering ACI as below:
-	, where  is the adjacent channel interference.
6.	RF parameters are determined based on the degradation cause by ACI as below:
[bookmark: _GoBack]-	.
3. Conclusion
It is proposed to use the simulation assumptions in this paper for NTN co-existence study. 
4. Reference
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