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Introduction
In RAN4#106 meeting, a WF [1] for above 10GHz NTN-TN co-existence study was approved with a lot of agreements and some open issues for further discussion. In last meeting, the phased array antenna parameters were proposed by companies in contribution [2], but companies question whether these parameters can meet the link budget for LEO scenarios. In this paper, we’d like to compare these parameters of phased array antenna with the parameters specified in TR 38.821 and clarify the rationality for these phased array antenna parameters.
In addition, the relationship between NTN network and TN network drafted in Annex of WF [1] haven’t been dis
Discussion on SAN and UE with phased array antenna
The phased array antenna parameters
In last meeting, the following UE phased array antenna parameters were proposed. The maximum array gain is 10*log10 (1600) = 32dB. In addition to the maximum antenna element gain, the final antenna gain is 32+5.2dB = 37.2dB. As 8dBm conductive power per antenna element is assumed, with the consideration of 1600 elements, the total maximum output power is assumed as 40dBm.
Table 2‑1 UE phased array antenna characteristics
	Ka band UE phased array antenna

	1
	Ka band UE phased array antenna Characteristics

	1.1
	Antenna pattern
	[bookmark: OLE_LINK1]TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	5.2

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90° for H
90° for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 dB

	1.5
	Antenna polarization 
	Circular（RHCP or LHCP）

	1.6
	Antenna array configuration (Row × Column)(Note 4)
	40*40 elements

	1.7
	Number of supported polarizations, P
	1 

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.5 of wavelength for V 

	1.9
	Array Ohmic loss (dB) (Note 2)
	2

	1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	8 dBm

	1.11
	maximum coverage angle in the horizontal plane (degrees)
	0~360 degrees

	1.12
	vertical coverage range (degrees) between beam direction and normal direction
	0~60 degrees

	1.13
	normal direction
	Toward Z+ axis



Note 1:	Void
Note 2:	The element gain in row 1.2 includes the loss given in row 1.9.
Note 3:	The conducted power per element assumes Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element). 
Note 4:	Row × Column means there are Row vertical and Column horizontal radiating elements.
Similarly, the following SAN phased array antenna parameters for LEO600 were proposed in last meeting. The maximum array gain is 10*log10 (441) = 26.4dB. In addition to the maximum antenna element gain, the final antenna gain is 26.4+4dB = 30.4dB. As 10dBm conductive power per antenna element is assumed, with the consideration of 441 elements, the total maximum output power is assumed as 36.4dBm.
Table 2‑2 SAN phased array antenna characteristics for LEO600
	Ka band SAN phased array antenna

	1
	Ka band SAN phased array antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90 for H
90 for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30

	1.5
	Antenna polarization 
	Circular（RHCP or LHCP）

	1.6
	Antenna array configuration (Row × Column)(Note 4)
	441 elements (21*21)

	1.7
	Number of supported polarizations, P
	1

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H
0.5 of wavelength for V

	1.9
	Array Ohmic loss (dB) (Note 2)
	2

	1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	10dBm

	1.11
	maximum coverage angle in the horizontal plane (degrees)
	360 degrees

	1.12
	vertical coverage range (degrees) between beam direction and normal direction
	54 degrees

	1.13
	normal direction
	Toward Z- axis



SAN LEO1200 antenna elements can be twice as many as SAN LEO configuration. Thus, the following SAN phased array antenna characteristics for LEO1200 were proposed. The maximum array gain is 10*log10 (900) = 29.5dB. In addition to the maximum antenna element gain, the final antenna gain is 29.5+4dB = 33.5dB. As 10dBm conductive power per antenna element is assumed, with the consideration of 900 elements, the total maximum output power is assumed as 39.5dBm.
Table 2‑3 SAN phased array antenna characteristics for LEO1200
	Ka band SAN phased array antenna

	1
	Ka band SAN phased array antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90 for H
90 for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30

	1.5
	Antenna polarization 
	Circular（RHCP or LHCP）

	1.6
	Antenna array configuration (Row × Column)(Note 4)
	900 elements (30*30)

	1.7
	Number of supported polarizations, P
	1

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H
0.5 of wavelength for V

	1.9
	Array Ohmic loss (dB) (Note 2)
	2

	1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	10dBm

	1.11
	maximum coverage angle in the horizontal plane (degrees)
	360 degrees

	1.12
	vertical coverage range (degrees) between beam direction and normal direction
	54 degrees

	1.13
	normal direction
	Toward Z- axis



Note 1:	Void
Note 2:	The element gain in row 1.2 includes the loss given in row 1.9.
Note 3:	The conducted power per element assumes Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).
Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.

Referring to TR 38.821, Set-1 satellite parameters and VSAT parameters for Ka band were defined in table 2-4 and table 2-5.
Table 2‑4 SAN characteristics specified in TR 38.821
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg
	1.7647 deg

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m
	0.33 m

	G/T
	
	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

	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 2‑5 VSAT characteristics specified in TR 38.821
	Characteristics
	VSAT (Note 2)
	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

	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



Based on the UL/DL link budget, we compared two sets of parameters, i.e. phased array antenna and parabolic antenna.
Table 2‑6 Comparison between phased array antenna and parabolic antenna in DL link budget
	The proposed parameters based on phased array antenna
	600km case
	1200km case
	TR 38.821 Ka band Parameters
	600km case
	1200km case

	SAN TRP(dBm)
	36.4
	39.4
	Satellite EIRP density (dBW/MHz)
	4
	10

	SAN antenna array gain
	26.4
	29.4
	SAN antenna array gain
	　NA
	　NA

	SAN antenna element gain
	4
	4
	SAN antenna element gain
	　NA
	　NA

	SAN antenna gain
	30.4
	33.4
	Satellite EIRP dBm
	57.01
	63.01

	Channel Bandwidth(MHz)
	200
	200
	Channel Bandwidth(MHz)
	200
	200

	center frequency (GHz)
	17
	17
	center frequency (GHz)
	17
	17

	distance (m)
	600000
	1200000
	distance (m)
	600000
	1200000

	free space Pathloss (dB)
	172.62
	178.64
	free space Pathloss (dB)
	172.62
	178.64

	NTN UE antenna array gain
	32
	32
	NTN UE antenna array gain
	　NA
	　NA

	NTN UEantenna element gain
	5.2
	5.2
	NTN UEantenna element gain
	　NA
	　NA

	NTN UE antenna gain
	37.2
	37.2
	NTN UE antenna gain
	45
	45

	Received signal (dBm)
	-68.62
	-68.64
	Received signal (dBm)
	-70.61
	-70.63

	Noise figure (dB)
	5.9
	5.9
	Noise figure (dB)
	5.9
	5.9

	Thermal Noise (dBm)
	-85.08
	-85.08
	Thermal Noise (dBm)
	-85.08
	-85.08

	SNR (dB)
	16.46
	16.44
	SNR (dB)
	14.47
	14.45



Based on the comparison of DL link budget, the proposed phased array antenna parameters can achieve the similar DL performance as parabolic antenna parameters defined in TR 38.821.
Observation 1: Based on the comparison of DL link budget, the proposed phased array antenna parameters can achieve the similar DL performance as parabolic antenna parameters defined in TR 38.821.
Table 2‑7 Comparison between phased array antenna and parabolic antenna in UL link budget
	The proposed parameters based on phased array antenna
	600km case
	1200km case
	TR 38.821 Ka band
	600km case
	1200km case

	NTN UE TRP(dBm)
	40
	40
	NTN UE TRP
	33
	33

	NTN UE antenna array gain
	32
	32
	SAN antenna array gain
	NA
	NA

	NTN UE antenna element gain
	5.2
	5.2
	SAN antenna element gain
	NA
	NA

	NTN UE antenna gain
	37.2
	37.2
	NTN UE antenna gain
	43.2
	43.2

	Channel Bandwidth(MHz)
	200
	200
	Channel Bandwidth(MHz)
	200
	200

	center frequency (GHz)
	27
	27
	center frequency (GHz)
	27
	27

	distance (m)
	600000
	1200000
	distance (m)
	600000
	1200000

	free space Pathloss (dB)
	176.64
	182.66
	free space Pathloss (dB)
	176.64
	182.66

	SAN antenna array gain
	26.4
	29.4
	NTN UE antenna array gain
	NA
	NA

	SAN antenna element gain
	4
	4
	NTN UEantenna element gain
	NA
	NA

	SAN antenna gain
	30.4
	33.4
	NTN UE antenna gain
	38.5
	38.5

	Received signal (dBm)
	-69.04
	-72.06
	Received signal (dBm)
	-61.94030029
	-67.9609002

	Noise figure (dB)
	5.9
	5.9
	Noise figure (dB)
	5.9
	5.9

	Thermal Noise (dBm)
	-85.08
	-85.08
	Thermal Noise (dBm)
	-85.08970004
	-85.08970004

	SNR (dB)
	16.04
	13.02
	SNR (dB)
	23.14
	17.12



Based on the comparison of UL link budget, the expected UL SNR for proposed phased array antenna parameters is lower than the parabolic antenna parameters defined in TR 38.821. However, due to smaller Rx antenna gain, the NTN UE with proposed phased array antenna parameters may transmit much higher output power. From this perspective, the UL simulation based on the proposed phased array antenna parameters can reflect a worse scenario.
Observation 2: Based on the comparison of UL link budget, the expected UL SNR for proposed phased array antenna parameters is lower than the parabolic antenna parameters defined in TR 38.821. However, due to smaller Rx antenna gain, the NTN UE with proposed phased array antenna parameters may transmit much higher output power. From this perspective, the UL simulation based on the proposed phased array antenna parameters can reflect a worse scenario.

Phased array antenna pattern
In clause 8.1.1 of TR 38.921, the phased array antenna pattern is copied as below. In Table 2-8, the parameters used by the parameterized array antenna model are described.
Table 2‑8: Parameters of the parameterized array antenna model
	Parameter
	Symbol
	Unit

	Front to back ratio
	Am
	dB

	Side lobe suppression
	SLAv
	dB

	Horizontal HPBW
	3dB
	Degrees

	Vertical HPBW
	3dB
	Degrees

	Array element peak gain
	GE,max
	dBi

	Number of radiating elements rows and columns
	(M, N)
	Integer

	Horizontal element separation
	dh
	m

	Vertical element separation
	dv
	m

	Electrical down-tilt angle
	etilt
	Degrees

	Electrical scan angle
	escan
	Degrees



The parameterized antenna model is built around array antenna model where the element factor, array factor and linear phase progressing is characterized as described by equations in Table 2-9.
Table 2‑9: Array antenna model details
	Description
	Equation
	Unit

	Peak normalized element radiation pattern
	
	dB

	Peak gain normalized element radiation pattern
	

	dBi

	


Composite array radiation pattern
	
, where


	



dBi



And this model can meet the ITU-R recommendation [3] shown as below.
The following reference radiation patterns should be adopted for angles between the direction considered and the axis of the main beam for frequencies in the range from 2 to 31 GHz:

		G    32  –  25 log 		dBi		for  min          48°
		       –10				dBi		for    48°        180°

where:
	min    1° or 100 /D degrees, whichever is the greater, for D/ ≥ 50.
	min =  2° or 114 (D/)–1.09 degrees, whichever is the greater, for D/ < 50.


Observation 3: Phased array antenna model specified in clause 8.1.1 of TR 38.921 can meet the requirements defined in ITU-R S.465-6.

Proposal
Proposal 1: To assume the following phased array antenna parameters for SAN and UE.
Table 2-1 UE phased array antenna characteristics
	Ka band UE phased array antenna

	1
	Ka band UE phased array antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	5.2

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90° for H
90° for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 dB

	1.5
	Antenna polarization 
	Circular（RHCP or LHCP）

	1.6
	Antenna array configuration (Row × Column)(Note 4)
	40*40 elements

	1.7
	Number of supported polarizations, P
	1 

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.5 of wavelength for V 

	1.9
	Array Ohmic loss (dB) (Note 2)
	2

	1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	8 dBm

	1.11
	maximum coverage angle in the horizontal plane (degrees)
	0~360 degrees

	1.12
	vertical coverage range (degrees) between beam direction and normal direction
	0~60 degrees

	1.13
	normal direction
	Toward Z+ axis




Table 2-2 SAN phased array antenna characteristics for LEO
	Ka band SAN phased array antenna

	1
	Ka band SAN phased array antenna Characteristics
	LEO600
	LEO1200

	1.1
	Antenna pattern
	TR 38.921
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	4
	4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90 for H
90 for V
	90 for H
90 for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30
	30

	1.5
	Antenna polarization 
	Circular（RHCP or LHCP）
	Circular（RHCP or LHCP）

	1.6
	Antenna array configuration (Row × Column)(Note 4)
	441 elements (21*21)
	900 elements (30*30)

	1.7
	Number of supported polarizations, P
	1
	1

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H
0.5 of wavelength for V
	0.5 of wavelength for H
0.5 of wavelength for V

	1.9
	Array Ohmic loss (dB) (Note 2)
	2
	2

	1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	10dBm
	10dBm

	1.11
	maximum coverage angle in the horizontal plane (degrees)
	360 degrees
	360 degrees

	1.12
	vertical coverage range (degrees) between beam direction and normal direction
	54 degrees
	54 degrees

	1.13
	normal direction
	Toward Z- axis
	Toward Z- axis



Note 1:	Void
Note 2:	The element gain in row 1.2 includes the loss given in row 1.9.
Note 3:	The conducted power per element assumes Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).
Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.
Discussion on the relationship between NTN network and TN network
In the previous meetings, RAN4 hasn’t discussed the relationship between NTN network and TN network. In the WF [1], the outcomes in Rel-17 were listed in Annex as reference. Since the order of scenarios is different between Rel-17 and Rel-18. Before discussing, it’s better to align the order of Rel-18 scenarios. It’s recommended to use the approved WF for the scenarios to discuss this issue. The approved scenarios in Rel-18 are listed as below.
Study NTN-TN coexistence by assuming a reference frequency of 17 GHz for NTN DL cases and 27 GHz NTN UL cases, as well as the consideration of ACLR and ACS assumptions as following:  
	No.
	Combination
	Aggressor
	Victim
	Scope of Coexistence Simulation

	1
	TN with NTN
	NTN UL
	TN UL
	ACLR NTN UE to be varied/defined
ACS TN gNB fixed

	2
	TN with NTN
	TN UL
	NTN UL
	ACLR TN UE fixed
ACS NTN SAN to be varied/defined

	3
	TN with NTN
	NTN UL
	TN DL
	ACLR NTN UE to be varied/defined
ACS TN UE fixed

	4
	TN with NTN
	TN DL
	NTN UL
	ACLR TN gNB fixed
ACS NTN SAN to be varied/defined

	5
	TN with NTN
	TN DL
	NTN DL
	ACLR TN gNB fixed
ACS NTN UE to be varied/defined

	6
	TN with NTN
	NTN DL
	TN DL
	ACLR NTN SAN to be varied/defined
ACS TN UE fixed

	7
	TN with NTN
	NTN DL
	TN UL
	ACLR NTN SAN to be varied/defined
ACS TN gNB fixed

	8
	TN with NTN
	TN UL
	NTN DL
	ACLR TN UE fixed
ACS NTN UE to be varied/defined

	NOTE 1:	For coexistence between Ka-Band DL and adjacent TN bands, there are no 3GPP defined/specified TN bands.





3GPP
Proposal 2: After aligning the order of Rel-18 scenarios, it’s recommended to discuss the following relationship between TN and NTN for Ka band coexistence study.
	No.
	Combination
	Aggressor
	Victim
	Which NTN cell/UE to observe? 
	Which TN/UE to observe?
	Which TN cells in a TN to observe?

	1
	TN with NTN
	NTN UL
	TN UL
	NTN cell:
Nadir point.

NTN UE:
Option 1: NTN UEs dropped at the edge of TN clusters (NTN UE outside of the TN cluster)
Option 2: NTN UEs dropped in TN clusters (NTN UE inside TN cluster)
Option 3: NTN UEs dropped in or at the edge of TN clusters with a possibility (Random number). FFS on possibility.NTN UEs dropped at the edge of TN clusters
	TN randomly placed in this NTN beam
	Option 1: All active TN clusters which has the NTN UE(s) at its edge.
Option 2: Only the active TN clusters which contain the NTN UE(s).
Option 3: All active TN clusters no matter whether the NTN UE(s) is (are) included in the TN cluster or at the edge of TN clusters.
All active TN clusters which have the NTN UE(s) at its edge.

	2
	TN with NTN
	TN UL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped at the edge of TN clustersFollow case 1.
	Consider an active rate of [20%] for TN.
	All active TN cells in central NTN beam

	3
	TN with NTN
	NTN UL
	TN DL
	NTN cell: 
Nadir point

NTN UE:
Follow case 1.NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	Follow case 1.All active TN clusters which have the NTN UE(s) at its edge

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
Follow case 1.NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	Follow case 1.All active TN clusters which have the NTN UE(s) at its edge.

	4
	TN with NTN
	TN DL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Follow case 1.NTN UEs dropped outside or at the edge of TN clusters
	Consider the active rate of [20%] for TN.
	Follow case 1.All active TN cells in central NTN beam

	5
	TN with NTN
	TN DL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Option 1: NTN UEs dropped at the edge of TN clusters (NTN UE outside of the TN cluster)
Option 2: NTN UEs dropped in TN clusters (NTN UE inside TN cluster)
Option 3: NTN UEs dropped in or at the edge of TN clusters with a possibility (Random number). FFS on possibility.
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beam
	
Option 1: All active TN clusters which has the NTN UE(s) at its edge.
Option 2: Only the active TN clusters which contain the NTN UE(s).
Option 3: All active TN clusters no matter whether the NTN UE(s) is (are) included in the TN cluster or at the edge of TN clusters.


	6
	TN with NTN
	NTN DL
	TN DL
	NTN cell:
Nadir point.

NTN UE:
Follow case 5 conclusionNTN UEs dropped outside or at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All in central NTN beam

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values)

NTN UE:
Follow case 5 conclusionNTN UEs dropped outside or at the edge of TN clusters
	
	

	7
	TN with NTN
	NTN DL
	TN UL
	NTN cell: 
Nadir point

NTN UE:
Follow case 5 conclusionNTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All in central NTN beam All active TN clusters which have the NTN UE(s) at its edge

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
Follow case 5 conclusionNTN UEs dropped at the edge of TN clusters
	
	

	8
	TN with NTN
	TN UL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Follow case 5 conclusion. NTN UEs dropped outside or at the edge of TN clusters
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beamConsider the active rate of 20% for TN.
	Follow case 5 conclusion All active TN cells in central NTN beam







Discussion on ACLR1 and ACLR2 model for NTN UE.
In last meeting, RAN4 has the following conclusion for the number of active NTN UE (UL).
1. For calibration, the number of active NTN UE (UL) is 10 UEs with divided RBs per UE by channel bandwidth.
However, it seems that RAN4 never discuss the ACLR1/ACLR2 model for Ka band UE. Generally, the ACLR2 value is higher than ACLR1 since the 2nd adjacent channel is far away from 1st adjacent channel.
Proposal 3: It’s proposed that RAN4 further discuss how much value the ACLR2 for Ka band UE is higher than ACLR1.
Summary
Based on the discussion above, the following observations and proposals are listed.
Observation 1: Based on the comparison of DL link budget, the proposed phased array antenna parameters can achieve the similar DL performance as parabolic antenna parameters defined in TR 38.821.
Observation 2: Based on the comparison of UL link budget, the expected UL SNR for proposed phased array antenna parameters is lower than the parabolic antenna parameters defined in TR 38.821. However, due to smaller Rx antenna gain, the NTN UE with proposed phased array antenna parameters may transmit much higher output power. From this perspective, the UL simulation based on the proposed phased array antenna parameters can reflect a worse scenario.
Observation 3: Phased array antenna model specified in clause 8.1.1 of TR 38.921 can meet the requirements defined in ITU-R S.465-6.
Proposal 1: To assume the following phased array antenna parameters for SAN and UE.
Table 2-1 UE phased array antenna characteristics
	Ka band UE phased array antenna

	1
	Ka band UE phased array antenna Characteristics

	1.1
	Antenna pattern
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	5.2

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90° for H
90° for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 dB

	1.5
	Antenna polarization 
	Circular（RHCP or LHCP）

	1.6
	Antenna array configuration (Row × Column)(Note 4)
	40*40 elements

	1.7
	Number of supported polarizations, P
	1 

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H, 0.5 of wavelength for V 

	1.9
	Array Ohmic loss (dB) (Note 2)
	2

	1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	8 dBm

	1.11
	maximum coverage angle in the horizontal plane (degrees)
	0~360 degrees

	1.12
	vertical coverage range (degrees) between beam direction and normal direction
	0~60 degrees

	1.13
	normal direction
	Toward Z+ axis




Table 2-2 SAN phased array antenna characteristics for LEO
	Ka band SAN phased array antenna

	1
	Ka band SAN phased array antenna Characteristics
	LEO600
	LEO1200

	1.1
	Antenna pattern
	TR 38.921
	TR 38.921

	1.2
	Element gain (dBi) (Note 2)
	4
	4

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90 for H
90 for V
	90 for H
90 for V

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30
	30

	1.5
	Antenna polarization 
	Circular（RHCP or LHCP）
	Circular（RHCP or LHCP）

	1.6
	Antenna array configuration (Row × Column)(Note 4)
	441 elements (21*21)
	900 elements (30*30)

	1.7
	Number of supported polarizations, P
	1
	1

	1.8
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for H
0.5 of wavelength for V
	0.5 of wavelength for H
0.5 of wavelength for V

	1.9
	Array Ohmic loss (dB) (Note 2)
	2
	2

	1.10
	Conducted power (before Ohmic loss) per antenna element (dBm) (Note 3) 
	10dBm
	10dBm

	1.11
	maximum coverage angle in the horizontal plane (degrees)
	360 degrees
	360 degrees

	1.12
	vertical coverage range (degrees) between beam direction and normal direction
	54 degrees
	54 degrees

	1.13
	normal direction
	Toward Z- axis
	Toward Z- axis



Note 1:	Void
Note 2:	The element gain in row 1.2 includes the loss given in row 1.9.
Note 3:	The conducted power per element assumes Row × Column ×Number of supported polarizations elements (i.e. power per H/V polarized element).
Note 4: Row × Column means there are Row vertical and Column horizontal radiating elements.

Proposal 2: After aligning the order of Rel-18 scenarios, it’s recommended to discuss the following relationship between TN and NTN for Ka band coexistence study.
	No.
	Combination
	Aggressor
	Victim
	Which NTN cell/UE to observe? 
	Which TN/UE to observe?
	Which TN cells in a TN to observe?

	1
	TN with NTN
	NTN UL
	TN UL
	NTN cell:
Nadir point.

NTN UE:
Option 1: NTN UEs dropped at the edge of TN clusters (NTN UE outside of the TN cluster)
Option 2: NTN UEs dropped in TN clusters (NTN UE inside TN cluster)
Option 3: NTN UEs dropped in or at the edge of TN clusters with a possibility (Random number). FFS on possibility.NTN UEs dropped at the edge of TN clusters
	TN randomly placed in this NTN beam
	Option 1: All active TN clusters which has the NTN UE(s) at its edge.
Option 2: Only the active TN clusters which contain the NTN UE(s).
Option 3: All active TN clusters no matter whether the NTN UE(s) is (are) included in the TN cluster or at the edge of TN clusters.
All active TN clusters which have the NTN UE(s) at its edge.

	2
	TN with NTN
	TN UL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
NTN UEs dropped at the edge of TN clustersFollow case 1.
	Consider an active rate of [20%] for TN.
	All active TN cells in central NTN beam

	3
	TN with NTN
	NTN UL
	TN DL
	NTN cell: 
Nadir point

NTN UE:
Follow case 1.NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	Follow case 1.All active TN clusters which have the NTN UE(s) at its edge

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
Follow case 1.NTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	Follow case 1.All active TN clusters which have the NTN UE(s) at its edge.

	4
	TN with NTN
	TN DL
	NTN UL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Follow case 1.NTN UEs dropped outside or at the edge of TN clusters
	Consider the active rate of [20%] for TN.
	Follow case 1.All active TN cells in central NTN beam

	5
	TN with NTN
	TN DL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Option 1: NTN UEs dropped at the edge of TN clusters (NTN UE outside of the TN cluster)
Option 2: NTN UEs dropped in TN clusters (NTN UE inside TN cluster)
Option 3: NTN UEs dropped in or at the edge of TN clusters with a possibility (Random number). FFS on possibility.
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beam
	
Option 1: All active TN clusters which has the NTN UE(s) at its edge.
Option 2: Only the active TN clusters which contain the NTN UE(s).
Option 3: All active TN clusters no matter whether the NTN UE(s) is (are) included in the TN cluster or at the edge of TN clusters.


	6
	TN with NTN
	NTN DL
	TN DL
	NTN cell:
Nadir point.

NTN UE:
Follow case 5 conclusionNTN UEs dropped outside or at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All in central NTN beam

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values)

NTN UE:
Follow case 5 conclusionNTN UEs dropped outside or at the edge of TN clusters
	
	

	7
	TN with NTN
	NTN DL
	TN UL
	NTN cell: 
Nadir point

NTN UE:
Follow case 5 conclusionNTN UEs dropped at the edge of TN clusters
	TN clusters randomly placed in this NTN beam
	All in central NTN beam All active TN clusters which have the NTN UE(s) at its edge

	
	
	
	
	NTN cell:
NTN cell with satellite at low elevation (45° for GEO and LEO，Interested companies can bring analysis and results for other values).

NTN UE:
Follow case 5 conclusionNTN UEs dropped at the edge of TN clusters
	
	

	8
	TN with NTN
	TN UL
	NTN DL
	NTN cell:
Observe NTN central beam for SINR, 6 adjacent beams for inter-beam interference.

NTN UE:
Follow case 5 conclusion. NTN UEs dropped outside or at the edge of TN clusters
	One cluster with 19 TN cells (57 sectors) randomly placed in the central NTN beamConsider the active rate of 20% for TN.
	Follow case 5 conclusion All active TN cells in central NTN beam





Proposal 3: It’s proposed that RAN4 further discuss how much value the ACLR2 for Ka band UE is higher than ACLR1.

References
[1] R4-2302878, WF for above 10GHz NTN-TN co-existence study, Samsung
[2] R4-2302108, Discussion on Rel-18 NTN coexistence study assumption, Huawei, HiSilicon
[3] ITU-R S.465-6, Study on new radio access technology: Radio Frequency (RF) and co-existence aspects
