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Introduction
In RAN#92e meeting, the work item [RP-221819] on NR NTN (Non-Terrestrial Networks) enhancements was approved as one of Rel-18 RAN1/2/3 package. In this contribution, we want to share some further views on the coexistence study for NTN in Ka-band.
The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]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. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
[bookmark: OLE_LINK20][bookmark: OLE_LINK14][bookmark: OLE_LINK10][bookmark: OLE_LINK13]Discussion  
2.1. Network layout
1） Further discuss how to consider the deployment of TN Urban areas. 
· Option 1: No deployment of TN outside TN Urban areas 
· Option 2: [TBD]% active ratio applied to Urban areas
· Option 3: Density of Urban TN
· Option 4: Others

In the last RAN4 meeting, there were some discussion on the TN density for urban macro scenario, from our understanding, the Rel-17 TN active ratio 20% could be starting point, however this value might be lower compared with FR1 TN urban macro considering the realistic mmWave deployment.
Proposal 1: to consider the Rel-17 TN active ratio 20% as baseline and further discuss whether this could be reduced.
Issue 2-2:  Network and UE deployment
· Proposals
· Option 1(Ericsson): See Annex 1
· Option 2 (Qualcomm): Based on Option 1, for NTN UE deployment, it can be dropped within TN clusters based on the deployment scenario.
Regarding network and UE deployment, it seems to align with Rel-17 NTN coexistence study, however from our understanding, the purpose of FR1 NR NTN usage is different from Ka-band here. For FR1 NR NTN, it is targeted for handheld UE, so if there are the available TN coverage, the UE will choose the TN network to access in which is also the reason why active NTN UE is dropped at the TN cluster edge with certain isolation distance due to the strong adjacent channel interference. However for NR NTN in Ka-band, the service might be quite different than handheld UE, it could be placed or moving within TN cluster and provide the Wifi service for other surrounding UEs or provide the backhual service for banking or other important data transmission in emergency.
Proposal 2: to consider the Option 2 that NTN UE could be placed within TN cluster based on the deployment scenario.

[image: ]
Figure 1. The commercial deployment for Fixed VSAT and mobile ESIM 
2.2. System parameter
Issue 3-4: Set-1 NTN satellite Noise figure in dB   
· Proposals
· Option 1(Ericsson, Samsung): 
	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



· Option 2(Huawei): 1.1dB/K for SAN G/T
The option 1 is preferred which is aligned with table 6.1.1.1-1: Set-1 in TR38.821 for Ka-band.
Proposal 3: to consider the Option 1 for SAN noise figure.

Issue 3-5: Number of active UE (UL)   
· Proposals
· Option 1(Ericsson, CATT): 9 UEs and nRBs per UE for GEO and LEO
· Option 2: FFS (seek more clarifications from satellite vendors)
The 9 UEs are coming from Rel-17 handled smartphone, however whether this could be also applicable for NTN UE in Ka-band, this is still questionable. We would like to seek more clarifications from satellite vendors for the potential active UEs at the same time. From our understanding, the power control could be enabled for VSAT or ESIM in Ka-band, then the number of active UEs might not have big impacts at the end. This is somehow similar as FR2 coexistence study with single UEs assumed while multiple UEs could be scheduled at the same time for FR2 in practice.
Proposal 4: see more clarify from satellite vendors for potential active UEs at the same time;

Issue 3-6: NTN Fixed VSAT UE  
· Proposals:
	Characteristics
	Option 1 (Ericsson, Samsung, ZTE, CATT)
	Option 2 (Thales)

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

	Polarisation
	Circular
	Circular

	Efficiency
	
	UL 60%, DL 57%

	Rx Antenna gain 
	39.7 dBi 
	39 dBi

	Noise figure
	1.2 dB
	1.2 dB

	Rx Feeder loss
	-0.5dB
	-0.5 dB

	Antenna temperature
	150 K
	40K

	Sky temperature
	N/A
	30 K

	Ground temperature
	N/A
	10

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

	Rx Feeder loss
	
	-0.5 dB

	Tx transmit power
	2 W (33 dBm)
	2W (3dBW)

	Tx antenna gain
	43.2 dBi
	42.9 dBi

	Output loss
	
	-1.0

	EIRP
	45.2 dBW
	44.9 dBm

	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
	


This option 1 for dish antenna assumption is coming from Table 6.1.1.1-3 in TR 38.821, we prefer to use the option 1 as baseline. If there are no big difference between option 1 and option 2. The evaluation results for option 2 could be also allowed.
Proposal 5: for UE in the GEO scenario, to consider the option 1 as baseline and evaluation results could be also allowed if there are no big difference between option 1 and option 2.

Issue 3-7: NTN movable VSAT UE  
· Proposals
· Option 1(Samsung, CATT, ZTE):
	Characteristics
	ESIM (TR 38.821)
	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)
	Antenna pattern: S.580-6

	Polarisation
	Linear: +/-45°X-pol
	

	Element gain including loss
	5.5dBi
	

	Rx Antenna gain 
	45.3dBi/
3dBi per elemant
	45 dBi

	Antenna temperature
	150 K
	

	Noise figure
	1.2 dB/
11/13dB
	

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

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



· Option 2 (Thales): With respect to VSAT UE secondary lobes and related coexistence analysis, RAN4 to use the recommendation from ITU-R S.465-5:
[image: cid:image040.png@01D8CE6D.E85A78B0]
· Option 3 (Ericsson): Fixed VSAT parameters apply to mobile VSAT as well. 
This option 1 for phase antenna is more aligned from Table 6.1.1.1-3 in TR 38.821, we prefer to use the option 1 as baseline. For other options, we think that that is mainly used for the dish antenna. If we use the option 2or option 3, then it might be quite difficult for us to quantify the size of phase array of LEO UE.
Proposal 6: for phase antenna array of LEO UE, to consider the option 1 as baseline and its detailed antenna configuration could be further discussed.

Issue 3-8: NTN UE height
· Proposals
· Option 1 (ZTE): 
	Fixed VSAT
	M-ESIM
	A-ESIM
	L-ESIM

	22.5m
	22.5m
	3~14km
	1.5-22.5m



· Option 2 (Thales): 2m 
Regarding the operating height of NTN Ka-band UE, from our understanding, the 2m is mainly used for vehicular device, however if this is targeted deployment scenario,maybe we are fine with start with 2m as baseline. However from our understanding, there are a couple of potential service in Ka-band NTN UE as shown in Figure 1. Therefore from this perspective, we want to further clarify the main use case and potential deployment firstly, then further discuss the UE height for further evaluation study.
Proposal 7: for NTN UE height, the main use case and deployment scenario should be further clarified firstly and then further discuss its operating height for it.

Issue 3-9: Horizontal boresight and Vertical tilt assumptions of NTN UEs 
· Proposals
· Option 1 (Samsung): 
	
	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)



· Option 2 (ZTE): 
· Fixed tilt values is not needed. 
· FFS for A-ESIM in taking-off and landing period, as well as portable stations. 
Regarding the antenna vertical tilt and horizontal boresight, option 1 need more clarification especially for antenna tilt and boresight direction. From our understanding, this is highly depending on the base platform for NTN UE in Ka-band. If the beam tracking for parabolic antenna could be maintained by 2/3-Axis Stabilized + Auto Skew operation platform with assistance information Built in Gyro or GPS information. Basically, the beam steering capability is mechanical steering which is expected to be slower than digital beam steering. From our understanding, the fixed antenna vertical tilt or horizontal tilt is not needed at least. 
For A-ESIM with phased antenna array, during the landing or taking off period, some vertical tilt might be still useful, however for level flight period, the phase antenna array could steer upward to the sky. In other words, we don’t need to consider the fixed antenna vertical tilt or horizontal tilt at least. FFS for portable satellite mobile station. 
[image: ]
Figure 2. The illustration of dish antenna for ESIM [7]
[image: ]
Figure 3. The illustration of phase antenna array for ESIM [8]

Proposal 8: prefer to go with option 2 with the assumption of 2/3-Axis Stabilized + Auto Skew operation platform with assistance information Built in Gyro or GPS information


Issue 3-11: Satellite and UE Antenna and beam forming pattern modelling 
· Proposals
· Option 1: Refer to TR 38.863 with Ka parameters in TR 38.821 as well as those in relevant issues.
· Option 2: Dish/parabolic antenna is with priority
· Option 3: Phased array antenna is with priority

As agreed in the last RAN4 meeting, dish antenna is considered for GEO UE and phase antenna array is considered for LEO UE. 
Proposal 9: dish antenna is considered for GEO UE and phase antenna array is considered for LEO UE. 

Agreement: 
· Define the requirements based on the assumption that the dish antenna is used for GEO and phase antenna for LEO
· FFS whether to restrict the assumption to Rel-18 or not.
Conclusions
In this contribution, we shared further views on coexistence study for NTN coexistence in Ka-band and proposals are made as following:
Proposal 1: to consider the Rel-17 TN active ratio 20% as baseline and further discuss whether this could be reduced.
Proposal 2: to consider the Option 2 that NTN UE could be placed within TN cluster based on the deployment scenario.
Proposal 3: to consider the Option 1 for SAN noise figure.
Proposal 4: see more clarify from satellite vendors for potential active UEs at the same time;
Proposal 5: for UE in the GEO scenario, to consider the option 1 as baseline and evaluation results could be also allowed if there are no big difference between option 1 and option 2.
Proposal 6: for phase antenna array of LEO UE, to consider the option 1 as baseline and its detailed antenna configuration could be further discussed.
Proposal 7: for NTN UE height, the main use case and deployment scenario should be further clarified firstly and then further discuss its operating height for it.
Proposal 8: prefer to go with option 2 with the assumption of 2/3-Axis Stabilized + Auto Skew operation platform with assistance information Built in Gyro or GPS information.
Proposal 9: dish antenna is considered for GEO UE and phase antenna array is considered for LEO UE. 
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2 Rec. ITU-R S.465-5

1.2 coordination studies and interference assessment between systems in the fixed-satellite
service:
2 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 at least for frequencies in
the range 2-30 GHz:

G =32-25logg dBi for @min < @ < 48°
= -10 dBi for 48° < ¢ < 180°

where @y,;; = 1° or 100 A/D degrees, whichever is the greater.
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