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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.
 
From the RAN4 #104-bis-e to 106 bis-e meeting, agreements on some assumptions have been achieved. And the remaining issues have been discussed in this paper.
2 Discussion
Network layout model
In order to evaluate the worst situation of each scenario, to drop the NTN UE inside of TN network would much better, which has been reflected in the WF[1] annex 2. On the other hand, the deployment rules in annex 1 is the baisc deployment rules for NTN coexistance study.
Proposal 1: Consider the deployment an observation rules as listed in Annex 1 in the WF 106 bis-e[1] (when NTN UEs are dropped at TN cluster edges) and Annex 3 in the WF 106 bis-e[1] (when NTN UEs are dropped in TN) in the coexistence study.

Simulation parameters 
In the previous meeting, there are many difference views about the noise figure. From Samsung’s view, it is important to know the reason why a parameter is determined baisc on the characteristic of the system. Therefore, for the issue 3-2-1, 3-4-1 and 3-12-1[1], it is good to see the clarifications from different views.
Proposal 2: The issue 3-2-1, 3-4-1 and 3-12-1 in the WF of 106 bis-e need to be further discussed and clarified the reason of each option. 

Parabolic and Phased array antenna
The reference antenna radiation pattern should referring to ITU-R Rec. S.465:
	that subject to Notes 4 and 5, 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.

In NTN co-ex study, there’re two types of UE antennas considered initially, one is parabolic antenna, and the other is phased-array antenna.
	Parabolic antenna
	Phased array antenna

	R4-2305930:
Parabolic antenna pattern for NTN UE:
· Use the following parabolic antenna model for NTN UE

With:
·   is the Bessel function of first type and  order with argument x
·  is the angle in a  spherical coordinates system,
· 
· D : Antenna diameter
·  : Wavelength

	Characteristics
	fixed VSAT 
	L-ESIM 

	Frequency band
	27GHz
	27GHz

	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
	circular

	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

	· For calibration, the number of active NTN UE (UL) is 10 UEs with divided RBs per UE by channel bandwidth.
· For calibration, NTN UE antenna elevation angle is 30 and 90 degree.
· For calibration, NTN UE NF is [TBD]

	NOTE 1: FFS whether and how to consider phased array antenna pattern, not preclude to consider phased array antenna pattern in the future if needed.




	R4-2305383:
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







By implementing the above parameters, it seems the proposed parameters from R4-2305383 is outside the reference pattern defined in ITU-R S.465 for FSS earth station.
[image: ]
Observation 1: The parameters for parabolic antenna falls into the ITU-R S.465 pattern, while the parameters for phased-array will results in patterns exceeding the S.465 pattern.

If we further consider the ITU-R Rec. S.524 as the off-axis eirp limit, and take the power from above mentioned reference into account, the results is as follows:
In ITU-R Rec. S.524: 
	that earth stations operating in GSO networks in the FSS transmitting in the 27.5-30 GHz frequency band be designed in such a manner that at any angle, , which is 2 or more off the main lobe axis of the earth station antenna, the e.i.r.p. density in any direction within 3 of the GSO should not exceed the following values:
	Angle off-axis	Maximum e.i.r.p. per 40 kHz
	 2	    	7	(19 – 25 log ) dB(W/40 kHz)
0	 7	    	9.2	–2 dB(W/40 kHz)
0	 9.2	    	48	(22 – 25 log ) dB(W/40 kHz)
	48	    	180	–10 dB(W/40 kHz).

[image: ]

Observation 2: Considering the tx power and conducted power provided in R4-2305930 and R4-2305383, for UL UE transmitting over 2RBs, the parabolic antenna can meet the off-axis eirp masks from ITU-R s.465, but the phased array antenna cannot. For transmitting over larger bandwidth.
Observation 3: For the phased-array parameters in R4-2305383, the UE UL bandwidth should be increased to 40MHz to meet lower its off-axis eirp to comply S.465.

Proposal 3: RAN4 to discuss whether and how to further define the phased-array NTN UE antenna parameters associated with its UL power and transmission bandwidth, and how it should comply the ITU-R recommendations, i.e. S.465, S.524 or other regulations in co-ex study.

Evaluation methodology
Basic on the current parameters assumptions, the main scenario of coexistence study is Urban scenario, in this scenario  propagation model for TN UE to L-ESIM should considers the blockage in the urban area. Therefore, free space path loss is not good to evaluate this scenario.
Proposal 4: Propose using UMa as the propagation model for TN UE to L-ESIM.
3 Conclusion
Proposal 1: Consider the deployment an observation rules as listed in Annex 1 (when NTN UEs are dropped at TN cluster edges) and Annex 2 (when NTN UEs are dropped in TN) in the coexistence study.
Proposal 2: The issue 3-2-1, 3-4-1 and 3-12-1 need to be further discussed and clarified the reason of each option.
Observation 1: The parameters for parabolic antenna falls into the ITU-R S.465 pattern, while the parameters for phased-array will results in patterns exceeding the S.465 pattern.
Observation 2: Considering the tx power and conducted power provided in R4-2305930 and R4-2305383, for UL UE transmitting over 2RBs, the parabolic antenna can meet the off-axis eirp masks from ITU-R s.465, but the phased array antenna cannot. For transmitting over larger bandwidth.
Observation 3: For the phased-array parameters in R4-2305383, the UE UL bandwidth should be increased to 40MHz to meet lower its off-axis eirp to comply S.465.
Proposal 3: RAN4 to discuss whether and how to further define the phased-array NTN UE antenna parameters associated with its UL power and transmission bandwidth, and how it should comply the ITU-R recommendations, i.e. S.465, S.524 or other regulations in co-ex study.
Proposal 4: Propose using UMa as the propagation model for TN UE to L-ESIM.
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