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1 Introduction
According to the Rel-18 NR NTN enhancement WID[], RAN4 has been mandated to study and identify NTN example band in above 10 GHz. 
The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminals and scenarios exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.
For co-existence studies, following considerations should be taken into account: 
· Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow.
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands.
With above said elements,  this document proposes initial simulation assumptions for the NTN coexistence study in above 10GHz bands.
It should be noted that several open issues for further discussion are highlighted in yellow mark. 
2 Discussion
Co-existence simulation scenarios
Since there is no rural scenario for FR2 TN, no relevant combinations need to be considered. TN Micro base station should be considered in dense urban scenarios, as it is one of the important base station types in FR2. The indoor scenario of the TN system is not proposed in this paper because indoor TN is much less interfered by NTN satellites than outdoor TN Micro base stations in dense urban. Once the dense urban TN system can coexist with the NTN system, there is no need to evaluate the indoor scenario. Otherwise, indoor scenario should be considered in further research.
Whether RAN4 should do the co-existence studies between NTN systems need to be discussed.
Proposal 1: The proposed scenarios for coexistence study are in the Table 2.1-1.
Table 2.1-1 Scenarios for NTN-NTN/TN co-existence
	FR2: 30GHz
	Set 1
	Set 22

	
	GEO
	LEO 600km
	LEO 1200km5
	GEO
	LEO 600km
	LEO 1200km

	NR 
	Rural
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	Urban macro
	X
	X
	X
	X
	X
	X

	
	Dense Urban
	X
	X
	X
	X
	X
	X

	NTN1,4
	GEO3
	Set 1
	X
	X
	X
	FFS
	FFS
	FFS

	
	LEO 1200km
	
	X
	X
	X
	FFS
	FFS
	FFS

	
	LEO 600km
	
	X
	X
	X
	FFS
	FFS
	FFS

	
	GEO
	Set 22
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	
	LEO 1200km
	
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	
	LEO 600km
	
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Note 1: Start with Earth Fixed beam first, Earth Moving Beams could be further discussed
Note 2: Use Set 1 satellite antenna as the starting point for co-existence study. FFS Set2.
Note 3: GEO and LEO only operate at adjacent channel.
Note 4: Use GEO and LEO@600km when TN is victim. 
Note 5: Further check the possibility to remove LEO 1200km cases in future RAN4 meetings. 



Proposal 2： The aggressor and victim combinations are listed 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
	FFS, the frequency of TN DL node has no overlapping with the NTN DL node.

	2
	TN with NTN
	TN UL
	NTN UL
	

	3
	TN with NTN
	NTN DL
	TN DL
	FFS, the frequency of NTN DL node has no overlapping with the TN DL node.

	4
	TN with NTN
	NTN UL
	TN UL
	

	5
	TN with NTN
	NTN UL
	TN DL
	

	6
	TN with NTN
	TN DL
	NTN UL
	

	7
	NTN with NTN
	NTN DL
	NTN DL
	FFS, this scenario should be discussed to decide whether relevant coexistence study is needed in 3GPP

	
	
	NTN UL
	NTN UL
	FFS, this scenario should be discussed to decide whether relevant coexistence study is needed in 3GPP

	



It should be noted that the exemplary band(s) of uplink and downlink of the NTN system in above 10GHz need to be further discussed and determined under the corresponding agenda item. However, in order to proceed the co-existence study between TN and NTN system, the following frequency points are proposed as the frequencies in the co-existence study.
Proposal 3：  For uplink of NTN system, we propose to use 30GHz, for downlink we propose to use 20GHz. And other assumptions are listed as table 2.1-3 based on the TR 38.803 and TR 38.821.
Table 2.1-3.  Proposed frequency and bandwidth for co-existence study
	
	Frequency
	Bandwidth
	Duplex mode
	Frequency reuse factor

	TN Dense urban
	FFS
	200 MHz
	TDD
	1

	TN Urban macro
	FFS
	200 MHz
	TDD
	1

	
	
	
	
	

	GEO
	20GHz(DL)/30GHz(UL),FFS
	400MHz
	FDD
	1,2,31

	LEO
	 20GHz(DL)/30GHz(UL), FFS
	400MHz
	FDD
	1,2, 31


Network layout model
Proposal 4: Refers to TR38.863 section 6.2.1 to determine the FR2 TN network layout model. In additional, the deployment of Dense Urban micro base station should follow TR38.803.
Simulation parameters 
NTN parameters
Satellite parameters
Two sets of satellite parameters are shown in Table 2.3-1, 2.3-2 and 2.3-3 according to TR 38.821. 
There is no reference for the number of active UE (UL) of Ka-band NTN system, therefore, this assumption should be discussed.
Proposal 5: The proposed set-1 and set-2 satellite parameters for co-existence study are in the Table 2.3-1, 2.3-2 and 2.3-3.

Table 2.3-1 Set-1 satellite parameters for co-existence study
	[bookmark: _Hlk114589127]Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions

	Satellite EIRP density
	Around 20GHz
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	3dB beamwidth or HPBW (Half-Power BandWidth) of main central beam
	
	0.1765 deg
	1.7647 deg
	1.7647 deg

	Satellite beam diameter
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	[bookmark: OLE_LINK62]G/T
	Around 30 GHz
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite Rx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi



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
	Around 20GHz
	32 dBW/MHz
	2 dBW/MHz
	-4 dBW/MHz

	Satellite Tx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	3dB beamwidth
	
	0.4412 deg
	4.4127 deg
	4.4127 deg

	abs
	
	
	
	

	Satellite beam diameter
	
	280 km
	90 km
	50 km

	Payload characteristics for UL transmissions
	

	G/T
	Around 30 GHz
	20 dB K-1
	5 dB K-1
	5 dB K-1

	Satellite Rx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi



[bookmark: OLE_LINK1]Table 2.3-3 Other parameters for NTN
	Parameters
	NTN
	Remark

	The number of active UE (UL) 
	FFS
	

	The number of active UE (DL) 
	1
	Same with TN

	Traffic model
	Full buffer
	

	DL power control
	NO
	

	UL power control
	See[6] Session 6.2.6
	

	NTN satellite Noise figure in dB
	See Table 2.3-4
	

	Handover margin
	3dB[note 1]
	

	Note 1: propose reuse handover margin in TR 38.863



The noise figure values were calculated by the following equation:

Proposal 6: Propose Table 2.3-4 as the noise figure parameter of NTN system.

Table 2.3-4 Set-1 NTN satellite Noise figure in dB
	Satellite
	GEO
	LEO 600
	LEO 1200

	G/T (dB K-1)
	28
	13
	13

	G_Rx (dBi)
	58.5
	38.5
	38.5

	NF (dB)
	5.9
	0.9
	0.9



UE parameters
UE parameters are shown in Table 2.3-5, according to TR 38.821. But some parameters should be further discussed. 
Practically, the minimum requirement of satellite communication for the GEO UE is 20 degrees above the horizon, and 30 degrees above the horizon for the LEO UE. And NTN UEs main lobe should point to the NTN satellite, and the horizontal and vertical degrees change with the position of the NTN satellite. However, for co-existence studies, appropriate horizontal boresight and vertical tilt degrees assumptions of NTN UEs are needed to model the angular relationship between NTN terminals and TN BSs and terminals.
Proposal 7: Propose Table 2.3-5 as the UE parameter of NTN system.
Proposal 8: Horizontal boresight and Vertical tilt assumptions of NTN UEs should be discussed and decided by the meeting.
Table 2.3-5 UE characteristics for system level simulations
	Characteristics
	VSAT(NOTE2)
	Other (Note 1)

	Frequency band
	Ka band(i.e. 30 GHz UL and 20 GHz DL)
	Ka band(i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter
	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); (dV,dH) = (TBD, TBD)λ with directional antenna element (HPBW=65 deg)

	Polarisation
	circular
	Linear: +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	TBD dBi per element

	Antenna temperature
	150 K
	TBD K

	Noise figure
	1.2 dB
	TBD dB

	Tx transmit power
	2 W (33 dBm)
	[TBD W (TBD dBm)]

	Tx antenna gain
	43.2 dBi
	TBD dBi per element

	Antenna Vertical tilt
	FSS
	FSS

	Antenna horizontal boresight
	FSS
	FSS

	NOTE 1:	Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
NOTE 2:	VSAT terminal characteristics could be implemented with phased array antenna



 
TN parameters
The TN parameters assumptions are proposed according to the TR38.803. Macro base station and Dense Urban Micro base station are considered. 
Proposal 9: Propose Table 2.3-6, 2.3-7 and 2.3-8 as the BS parameter of TN system.

Table 2.3-6 Simulation assumptions of TN respectively based on NR Macro Urban
	Parameters
	Values
	Remark

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	 

	Inter-site distance
	200m (baseline)
300m (optional)
	

	BS antenna height
	25 m
	 

	UE location
	Outdoor/indoor
	Outdoor and indoor
	 

	
	Indoor UE ratio
	20%
	

	
	Low/high Penetration loss ratio
	50% low loss, 50% high loss
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	Same as 3D-UMa in TR 36.873
	 

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	35 m
	 

	Channel model
	UMa
	

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5
	 



Table 2.3-7 Simulation assumptions of TN respectively based on NR Dense Urban

	Parameters
	Values
	Remark

	Network layout
	Fixed cluster circle within a macro cell.
	note1

	Number of micro BSs per macro cell
	3
	3 cluster circles are in a macro cell. 1 cluster circle has 1 micro BS.

	Radius of UE dropping within a micro cell
	< 28.9 m
	

	BS antenna height
	10 m
	 

	UE location
	Outdoor/indoor
	Outdoor and indoor
	 

	
	Indoor UE ratio
	80 %
	 

	
	50% low loss, 50% high loss
	Low/high Penetration loss ratio
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	Same as 3D-UMi in TR 36.873
	 

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	3m
	 

	Channel model
	UMi
	

	Shadowing correlation
	Between cite: 0.5
	

	Note 1:	Micro BS is randomly dropped on an edge of the cluster circle. All UEs communicate with micro BS, i.e. macro cell is only used for determining position of micro BS. As a layout of macro cell, hexagonal grid, 19 macro sites, 3 sectors per site model with wrap around with ISD = 200m is assumed.



Table 2.3-8: Other simulation parameters
	Parameters
	Urban macro
	Dense urban

	Channel bandwidth
	200MHz
	200MHz

	Scheduled channel bandwidth per UE (DL)
	200MHz
	200MHz

	Scheduled channel bandwidth per UE (UL)
	200MHz
	200MHz

	The number of active UE (DL)
	Same as the number of BS beam
	Same as the number of BS beam

	The number of active UE (UL)
	Same as the number of BS beam
	Same as the number of BS beam

	Traffic model
	Full buffer
	Full buffer

	DL power control
	NO
	NO

	UL power control
	YES
	YES

	BS max TX power in dBm
	43dBm
	33dBm

	UE max TX power in dBm
	23dBm
	23dBm

	UE min TX power in dBm
	-40dBm
	-40dBm

	BS Noise figure in dB
	Note 1
	Note 1

	UE Noise figure in dB
	Note 1
	Note 1

	Handover margin
	3dB
	3dB

	Note 1:	For deriving ACIR/ACS values which are included in respond to WP5D, following NF are used in co-existence simulation study for both UE and BS. 30GHz: 9 and 11 dB, 45GHz: 11 and 13 dB, 70GHz: 13 and 15 dB.



TN ACS and ACLR refer to TS38.101-2 and TS38.104.
Proposal 10: Propose Table 2.3-9 as the ACS and ACLR assumptions of TN system.

Table 2.3-9 ACLR/ACS for TN 
	
	NR

	BS [5]
	ACLR
	28 dB

	
	ACS
	23.5 dB

	UE [4]
	ACLR
	17dB

	
	ACS
	22dB



Antenna and beam forming pattern modelling
Satellite and UE Antenna and beam forming pattern modelling 
Proposal 11: Refers to TR 38.863 to determine the Satellite and UE Antenna and beam forming pattern modelling.
TN BS and UE antenna and beam forming pattern modelling
Base station and UE antenna pattern modelling are proposed according to the TR 38.803. The BS has no sub-array configuration for FR2 BS, therefore, 10 degrees antenna down-tilt is proposed.
Proposal 12: Propose Table 2.4-1 and 2.4-2 as the antenna pattern assumptions of TN BS and UE.
Table 2.4-1: BS antenna element pattern

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8 dBi

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Antenna Downtilt
	10 degree

	Note:	An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.





Table 2.4-2: UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 2, 2, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	Antenna Downtilt
	10 degree

	NOTE:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.



[bookmark: _Toc494384423][bookmark: _Toc98750633]	ACLR and ACS modelling
Proposal 13: Refers to TR38.803 section 5.2.6 to determine ACLR and ACS modelling.
Propagation model
Proposal 14: Refers to TR38.863 section 6.2.5 and TR38.811 section 6.6 to determine the propagation model.
[bookmark: _Toc494384421]Transmission power control model
Proposal 15: Refers to TR38.863 section 6.2.6 to determine the transmission power control model.
[bookmark: _Toc494384422]Received power model
Proposal 16: Refers to TR38.863 section 6.2.7 to determine the reveived power model.
Performance metric
Proposal 17: Refers to TR38.863 section 6.2.8 to determine the Performance metric.
[bookmark: _Toc494384424]Throughput ~ SNR mapping
Proposal 18: Refers to TR38.863 section 6.2.9 to determine throughput to SNR mapping.
3 Conclusion
It is proposed to use the simulation assumptions in this paper for Ka-band NTN co-existence study. 
Proposal 1: The proposed scenarios for coexistence study are in the Table 2.1-1.
Proposal 2： The aggressor and victim combinations are listed in Table 2.1-2.
Proposal 3：  For uplink of NTN system, we propose to use 30GHz, for downlink we propose to use 20GHz. And other assumptions are listed as table 2.1-3 based on the TR 38.803 and TR 38.821.
Proposal 4: Refers to TR38.863 section 6.2.1 to determine the FR2 TN network layout model. In additional, the deployment of Dense Urban micro base station should follow TR38.803.
Proposal 5: The proposed set-1 and set-2 satellite parameters for co-existence study are in the Table 2.3-1, 2.3-2 and 2.3-3.
Proposal 6: Propose Table 2.3-4 as the noise figure parameter of NTN system.
Proposal 7: Propose Table 2.3-5 as the UE parameter of NTN system.
Proposal 8: Horizontal boresight and Vertical tilt assumptions of NTN UEs should be discussed and decided by the meeting.
Proposal 9: Propose Table 2.3-6, 2.3-7 and 2.3-8 as the BS parameter of TN system.
Proposal 10: Propose Table 2.3-9 as the ACS and ACLR assumptions of TN system.
Proposal 11: Refers to TR 38.863 to determine the Satellite and UE Antenna and beam forming pattern modelling.
Proposal 12: Propose Table 2.4-1 and 2.4-2 as the antenna pattern assumptions of TN BS and UE.
Proposal 13: Refers to TR38.803 section 5.2.6 to determine ACLR and ACS modelling.
Proposal 14: Refers to TR38.863 section 6.2.5 and TR38.811 section 6.6 to determine the propagation model.
Proposal 15: Refers to TR38.863 section 6.2.6 to determine the transmission power control model.
Proposal 16: Refers to TR38.863 section 6.2.7 to determine the reveived power model.
Proposal 17: Refers to TR38.863 section 6.2.8 to determine the Performance metric.
Proposal 18: Refers to TR38.863 section 6.2.9 to determine throughput to SNR mapping.
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