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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 meeting, agreements on some assumptions have been achieved. And the remaining issues have been discussed in this paper.
2 Discussion
Network layout model
In orde 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 (when NTN UEs are dropped at TN cluster edges) and Annex 2 (when NTN UEs are dropped in TN) in the coexistence study.

Simulation parameters 
NTN parameters                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
NTN UE parameters
To assume fixed tilt values for the NTN UE is a simplifed way for the coexisetence study. For the NTN UE in the same serving area of a NTN SAN, the up-tilt of the Ues would be similar no matter the connected satellite is a GEO or LEO satellite, because of the height of the satellite is much larger than the covered area diameter. Therefore, the different of up-tilt of each NTN UE in this area can be ignored, but random tilt value is not reasonable. At least one snapshot during  the simulation, the up-tilt of NTN UE should be similar or same. Another reasonable assumption for the tilt value is to separate the LEO and GEO NTN to model the tilt: For the GEO, the tilt value would be a fixed value.
Proposal 2: Propose following table as the horizontal boresight and vertical tilt assumptions of NTN UEs.
	
	GEO
	LEO

	Antenna vertical tilt 
	 20 degree above horizontal
	30 degree above horizontal

	Antenna horizontal boresight
	Following Serving satellite or random between (0-360)
	Following Serving satellite or random between (0-360)



Proposal 3: Propose following table as the Parabolic Antenna for NTN UE assumption
	Characteristics
	

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter

	Polarisation
	Circular

	Efficiency
	

	Rx Antenna gain 
	39.7 dBi 

	Noise figure
	1.2 dB

	
	

	Rx Feeder loss
	-0.5dB

	Antenna temperature
	150 K

	Sky temperature
	N/A

	Ground temperature
	N/A

	G/T figure of merit
	15.35 (dB/K) (Note 2)

	Tx transmit power
	2 W (33 dBm)

	Tx antenna gain
	43.2 dBi

	Output loss
	N/A

	EIRP
	45.2 dBW

	UE height
	FFS

	
	NOTE 1:	VSAT terminal characteristics could be implemented with phased array antenna
NOTE 2:	For the computation of G/T or figure of merit, following formula applies in dB:
G/T = Ga – NF – 10*LOG (To+(Ta-To)/(100.1*NF))
Where:
-	Antenna Gain : Ga in dBi
-	Ambient Temperature : T0 (usually 290 K)
-	Antenna temperature : Ta (typically 290 K with 0 dBi gain and 150 K with >30 dBi gain)
-	Noise Figure: NF in dB



Proposal 4: Propose following table as the Phased Array Antenna for NTN UE assumptions

	Characteristics
	ESIM (TR 38.821)
	ESIM (TR 38.821),CATT
	ESIM (ITU)

	Antenna type and configuration
	Directional
(M,N,P,Mg,Ng) = (128/64,128/32,2,1,1); 
(dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=65/90 deg)
	Directional
(M,N,P,Mg,Ng) = (128,128,2,1,1); 
(dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=90 deg)
	Antenna pattern: S.580-6

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

	Element gain including loss
	5.5dBi
	3 dBi per element 
	

	Rx Antenna gain 
	45.3dBi/
3dBi per elemant
	45dBi(per polarization)
	45 dBi

	Antenna temperature
	150 K
	150 K
	

	Noise figure
	1.2 dB/
11/13dB
	1.2 dB/
11/13dB
	

	Tx transmit power
	Transmit power density（dBW/Hz）-46.3/
10*log10(64*32)+7 dBm)
	10*log10(128*128)+7 dBm 
	Transmit power density（dBW/Hz）-46.3

	Tx antenna gain 
	45.3dBi (per polarization)/
3 dBi per element
	45dBi(per polarization)
	45 dBi



Calibration 
In order to obtain believable study results, calibration is necessary for this Ka-band NTN coexistence study. From the 2GHz study experience [2] the coupling loss and geometry SINR are the two basic values that should be calibrated in order to algin the simulators. Therefore:
Proposal 5: Propose RAN4 to start the calibration for the Ka-band NTN coexistence study. Coupling loss and geometry SINR at CDF percentile 5%, 50% and 95% in different scenarios should be calibrated.

Co-existence study 
This study provided a preliminary simulation result for the NTN UL interfered with TN DL in the worst situation. Simulation assumption is based on the latest agreement of RAN4. The result shown below:
For the average throughput loss, 7dB ACIR is needed to achieve the protection criteria.
For the 5% edge UE throughput loss, 27dB ACIR is needed to achieve the protection criteria.
[image: ]
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: Propose following table as the horizontal boresight and vertical tilt assumptions of NTN UEs.
Proposal 3: Propose following table as the Parabolic Antenna for NTN UE assumption
Proposal 4: Propose following table as the Phased Array Antenna for NTN UE assumptions
Proposal 5: Propose RAN4 to start the calibration for the Ka-band NTN coexistence study. Coupling loss and geometry SINR at CDF percentile 5%, 50% and 95% in different scenarios should be calibrated.
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5 Annex – Coexistance study assumptions
· Scenario NTN UL interfere with TN UL
· NTN Satellite parameters
	Satellite orbit
	GEO

	Satellite altitude
	35786 km

	Satellite EIRP density
	Ka-band
(i.e. 20 GHz for DL)
	40 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi

	Channel bandwidth
	
	200

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

	Satellite beam diameter
	
	110 km

	[bookmark: OLE_LINK62]G/T
	Ka-band (i.e. 30 GHz for UL)
	28 dB K-1

	Satellite Rx max Gain
	
	58.5 dBi



	Parameters
	NTN
	Remark

	Carrier frequency
	30GHz(UL)/20GHz(DL)
	

	The number of active UE (UL) 
	9 UEs and 2RBs per UE for GEO and LEO1
	

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

	Traffic model
	Full buffer
	

	DL power control
	NO
	

	UL power control
	See Session 2.6.2
	

	NTN satellite Noise figure in dB
	See Table 2.3.1-3
	

	Handover margin
	3dB
	

	Note 1: UEs are equally splitted inside the channel bandwidth into ACIR 3 regions. Scheduled PRB position for UE1 per satellite beam should be also fully aligned to simulate the worst case for co-channel interference and this is also aligned with full buffer case.
[image: http://kr5.samsung.net/mail/rest/v1/files/image/download/202108260042453_CZHWKC3T.png?1=1&filepath=/LOCAL/ML/CACHE/image/y/20210825/110_31_JZ9R2KEKVGKD@namo.co.kr_4_yiran.jin&user=yiran.jin&partno=4&folderId=110&seqid=31&contentType=image%2Fpng]



	Satellite
	GEO

	G/T (dB K-1)
	28

	G_Rx (dBi)
	58.5

	NF (dB)
	5.9



· NTN UE parameters
	Characteristics
	VSAT (Note 2)

	Frequency band
	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

	Polarisation
	circular

	Rx Antenna gain 
	39.7 dBi 

	Antenna temperature
	150 K

	Noise figure
	1.2 dB

	Tx transmit power
	2 W (33 dBm)

	Tx antenna gain
	43.2 dBi



	Carrier frequency in GHz
	30

	Transmission bandwidth in MHz
	200

	Environment
	Urban macro

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

	Inter-site distance in meter
	200m

	Number of micro BSs per macro cell
	

	System loading and activity
	See Annex 2

	Network location
	See Annex 2

	DL subcarrier spacing
	120kHz

	UL
	OFDMA

	DL power control
	No

	UL power control
	See Section 2.7.1, 2.7.2 

	Frequency reuse
	1

	Number of scheduled UE per cell (DL)
	Same as the number of BS beam

	Number of scheduled UE per cell (UL)
	Same as the number of BS beam

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

	UE TX power in dBm
	-40 to 23

	UE antenna gain in dBi
	0

	Building penetration loss
	In path loss model, TR 38.901

	Cell selection margin in dB
	3

	BS-MS min distance in meters
	35

	BS noise figure in dB
	11

	UE noise figure in dB
	9

	BS-UE path-loss model
	TR 38.901

	Standard deviation of BS-UE log-normal shadow fading in dB
	Deployment scenario related, referring to TR 38.901.

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5

	Link-level performance model
	See Section 2.10

	UE distribution
	Uniform

	Evaluation metrics
	See Section 2.9



	
	Urban Macro

	ISD in meters
	200

	BS Antenna height in meters
	25

	UE Outdoor/indoor
	100% Outdoor

	UE height in meter
	1.5



	
	NR

	BS
	ACLR
	28dB

	
	ACS
	24dB

	UE
	ACLR
	17dB

	
	ACS
	22dB


· TN BS and UE antenna and beam forming pattern modelling
Refer to TR 38.803
· Propagation model
38.901-UMa
· [bookmark: _Toc494384421]Transmission power control model
· TN UL TPC
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 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, 
· NTN UL TPC
For calibration purpose, reuse the same TN TPC for NTN with SNR target 15dB.
For the coexistence study, the same TPC model of TN for NTN UL scenarios is adopted but needs to revise CLx-ile to align with UE UL power control parameters used in TR38.821. The CLx-ile value should be adapted for rural scenario.
· DL TPC
For downlink scenario, no power control scheme is applied.
· [bookmark: _Toc494384422]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).
· Performance metric
For NR,
The average throughput loss and 5%-ile throughput loss should be less than 5%.
For NTN,
The average throughput loss and 5%-ile throughput loss should be less than 5%.
· [bookmark: _Toc494384424]Throughput ~ SNR mapping
Adopt Section 5.2.7 of TR 38.803 as the SINR-Throughput performance metrics
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