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As part of Release 18, a new work item is proposed to define enhancements for NG-RAN based Non-Terrestrial Networks [1]. An objective of this work item is the NTN-TN and NTN-NTN mobility and service continuity enhancement:

	Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]




 “VSAT” (i.e. Very Small Aperture Terminal) devices with directive antenna (including fixed and moving platform mounted devices) in both FR1 and above 10GHz bands are considered in the work item scenarios.

In this contribution we discuss potential mobility enhancements for VSAT (including ESIM).

VSAT characteristics

VSAT differs from handheld devices by the usage of an external antenna, which shall provide a better link budget for high throughput services and low SNR areas.
It exists different types of VSAT:
· Fixed VSAT with a dish or phase antenna array
· Mobile VSAT (e.g. Earth Station in Motion, ESIM): airborne (fast moving VSAT), maritime and land

And it exists different scenario for VSAT:
· GSO: satellite fixed in the sky
· For fixed VSAT, the situation consists in a one-time configuration of the elevation angle at the installation.
· For mobile VSAT, the speed of device is sufficiently low compared to the cell footprint size to have a limited number of inter-satellite handover and a low speed continuous adaptation of the elevation angle.
· NGSO (e.g. LEO/MEO constellation): moving satellites
· For both fixed and mobile VSAT, the speed of the satellite (eventually combined with the speed of the device, for instance in airplane) induces a short visibility window for the terminal. Thus, the time to acquire the synchronization with the new satellite is important to ensure the service continuity at the initial connection and during inter-satellite handover.

VSAT devices characteristics for 3GPP system level simulation [4]-Table 6.1.1.1-3 are presented in the following table:

	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

	UE orientation
	VSAT and Others: Ideal Tracking serving beam;



Table 1: VSAT devices characteristics for system level simulation

VSAT devices parameter configuration for link budget analysis are provided in [4]-Table 6.1.3.2-1.


Antenna ideally tracks satellite using an electronical (defined as type 1 VSAT in RAN 4 WG), or mechanical (defined as type 2 VSAT in RAN 4 WG) means. Contrary to handheld devices that are designed to acquire connectivity in any orientation, VSATs have to point towards satellite at any time (at the signal acquisition and during connectivity). In the two cases, the antenna generates one lobe. The orientation of the VSAT reception and transmission lobe is defined by the elevation angle (i.e. the angle between the horizon and the satellite) and the azimuth angle (i.e. the angle between the satellite and the north). The antenna pointing could be moving mechanical dish antenna platform (motors are slow but low cost) or an electronically steerable phased array antennas (phase array are precise but expensive). The parameters for antenna operating at 28 750 MHz could be found in Annex. The theta angle for the main lobe is typically 2° at -3dB. 

The main scenario considered for VSAT terminal is a broadband connectivity a NGSO LEO-600 satellites constellation with Quasi-Earth fixed cells.

Discussion

When connected to the network, the VSAT terminal is provided by the network with the satellite ephemeris (SIB 19). Ephemeris indicates to VSAT terminal where the satellite is located in the sky. The antenna orientation is determined knowing the UE location with GNSS. However, before to be connected, The VSAT device should not know a priori the ephemerides of the satellites without acquiring SIB 19. Before decoding SIB 19 with satellite ephemeris, the UE have to search and select cell, and decode SSB, MIB and SIB 1.
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Figure: Satellite search


The cell search phase is very different with VSAT for above 10 GHz because the device antenna has to explicitly search in every direction in the sky for the satellite signal. For the LEO-600 (broadband mega-constellation) in Ka-band Set-1 scenario presented in [4]-Table 6.1.1.1-1, the cell diameter is about 20 km and the minimum elevation angle is 30°. The proportion of the sky to cover is very important for the VSAT terminal. The searching procedure could be:
· Orientate the reception lobe (type 1 or type 2 VSAT) in a position
· Listen for a PSS/SSS transmission (that should occur every 20 ms)
· Try to acquire connectivity or go to step 1
With a lobe theta angle of 2° and a move speed of 26°/sec (for mechanical VSAT), we understand that the expected time for a VSAT terminal to find a satellite without any prior information could take a long time.
A rapid calculation with the assumptions that lobe move every 20 ms and there are at least one satellite visible suggests an expected search time of more than one minute. In [7] the authors find a pointing time of less than 3 minutes and experiments presented in [8] with the Starlink constellation suggest a search time of 1 to 5 minutes.

RAN4#108-bis [9] achieved the 2 following agreements on Inter-satellite handover for Type 1 and Type 2 VSAT:

	Issue 2-10: Inter-satellite Handover
Agreement:
·        For Type 1 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknown cell condition plus an additional interruption component for UE beam refinement to address a concern about beam mis-alignment at the handover period due to the target satellite position error and/or UE beam steering error. TBD on the additional interruption length.
·        For Type 2 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknow cell condition plus an additional interruption component for the retuning of the mechanical beam direction. TBD on the additional interruption length.
·        Postpone the discussion on inter-satellite CHO requirements on above 10GHz bands in future releases.




Observation 1:	The type 1 VSAT (electronical steering) is able to repoint to the satellite in a negligible amount of time if the ephemerides are known in advance by the terminal. 

Observation 2:		The expected time duration needed for a type 2 VSAT to find/point toward the suitable  satellite during the cell (re)selection procedure at RRC Idle/Inactive cannot be neglected (e.g. in the order of minutes).

Observation 3: 		RAN4 concludes that it exists an additional interruption time component for inter-satellite HO for VSAT, especially for type 2 VSAT with an impact on RAN2 specifications to handle this interruption. FFS methods to reduce the interruption time during HO satellite HO.


In Quasi-Earth fixed LEO-600 scenario with a minimum elevation angle for service link of 30° [4], the satellite visibility window above a given point is 246 sec (4 minutes 6). The expected satellite visibility window time duration for a satellite for a connecting device is therefore in the order of few minutes, the same order of magnitude for the expected time duration for VSAT terminal to find and point toward the suitable satellite.

Observation 4: 	LEO-600 satellite with a minimum elevation angle for service link of 30° serves cell for an expected time duration of 246 seconds, the same order of magnitude of the expected time duration needed for a VSAT terminal to find/point toward the suitable satellite.


The initial search time could take few minutes for a VSAT terminal. In the same time, satellite orbits are highly predictable. Therefore, we could reduce the initial cell search and selection duration by providing assistance data to estimate the satellite position in the sky before acquiring SIB 19 containing ephemerides. For instance, with a long term almanac of orbit planes. Similar discussions occurred for the discontinuous coverage for IoT NTN devices.

Observation 5: 		To speed-up cell selection in IDLE mode, a UE of VSAT type may be (pre-)configured with NTN assistance information for cell selection.	


Proposal 1:		Define the content (including format and granularity) for the assistance information for the future cell selection e.g. satellites ephemeris, orbital planes, coverage footprint.

The assistance data are likely to change in time, for instance, when the satellite constellation is growing. Therefore, the satellite network operator is expected to update these assistance data for the device.

Proposal 2: 		The network may provide the UE in CONNECTED mode with NTN assistance information for future cell selection (e.g. based on UE request).
FFS: Whether the network should notify any modification on NTN assistance information for cell selection.

Conclusion
Observation 1:	The type 1 VSAT (electronical steering) is able to repoint to the satellite in a negligible amount of time if the ephemerides are known in advance by the terminal. 

Observation 2:		The expected time duration needed for a type 2 VSAT to find/point toward the suitable  satellite during the cell (re)selection procedure at RRC Idle/Inactive cannot be neglected (e.g. in the order of minutes).

Observation 3: 		RAN4 concludes that it exists an additional interruption time component for inter-satellite HO for VSAT, especially for type 2 VSAT with an impact on RAN2 specifications to handle this interruption. FFS methods to reduce the interruption time during HO satellite HO.

Observation 4: 	LEO-600 satellite with a minimum elevation angle for service link of 30° serves cell for an expected time duration of 246 seconds, the same order of magnitude of the expected time duration needed for a VSAT terminal to find/point toward the suitable satellite.

Observation 5: 		To speed-up cell selection in IDLE mode, a UE of VSAT type may be (pre-)configured with NTN assistance information for cell selection.


Proposal 1:		Define the content (including format and granularity) for the assistance information for the future cell selection e.g. satellites ephemeris, orbital planes, coverage footprint.

Proposal 2: 		The network may provide the UE in CONNECTED mode with NTN assistance information for future cell selection (e.g. based on UE request).
FFS: Whether the network should notify any modification on NTN assistance information for cell selection.
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Annex
Appendix 1

Agreements RAN4/RAN1

[R4-2220119] Any priority for MSS-band between A-ESIM, M-ESIM, L-ESIM, Fixed VSAT.
[RP-230913] Prioritized L-ESIM and fixed VSAT scenarios for NTN-TN coexistence studies above 10 GHz.
[38.821] Other UE (e.g. VSAT and phase array) with high TX/RX antenna gains can be served by LEO and GEO in both S-band and Ka-band with appropriate beam layout (including potential frequency reuse and/or polarization reuse)

RAN4#107, May 22nd – 26th 2023, Incheon
At least consider the differentiation between mechanical and electronic steering;
- FFS on phased array or parabolic;
- Encourage satellite companies to provide the data to show the beam switching delay.
As the baseline, assume that UE has the single beam towards one single satellite at a given time.
Issue 3-2: Beam pointing/accuracy related requirements
- It is assumed for the NTN capable UE operating in above 10 GHz that the (Rx and Tx) beam pointing error are compliant with the relevant ETSI harmonized standard, e.g.: EN 303 978, “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands”;
- For the next meeting, it’s encouraged to provide the technical requirement inputs for fixed VSAT;

[bookmark: _GoBack]RAN4#108-bis
Issue 2-10: Inter-satellite Handover
Agreement:
·        For Type 1 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknown cell condition plus an additional interruption component for UE beam refinement to address a concern about beam mis-alignment at the handover period due to the target satellite position error and/or UE beam steering error. TBD on the additional interruption length.
·        For Type 2 UE, inter-satellite HO requirements are the existing FR1 NTN HO requirements with unknow cell condition plus an additional interruption component for the retuning of the mechanical beam direction. TBD on the additional interruption length.
·        Postpone the discussion on inter-satellite CHO requirements on above 10GHz bands in future releases.

VSAT antenna parameters
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Figure 1:  The normalised antenna pattern of a VSAT transmit antenna operating at  28 750 MHz [6]



	VSAT UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power
	(W)
	2
	

	Output power
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	EIRP
	 
	44,9
	 

	Receiver noise figure
	(dB)
	 
	1,2

	Feeder loss
	(dB)
	 
	-0,50

	Sky temperature
	(K)
	 
	30

	Ground temperature
	(K)
	 
	10

	Antenna temperature
	(K)
	
	40

	G/T figure of merit
	(dB/K)
	 
	16,5


Table 2. VSAT UE Parameters [6]
Appendix 2
Starlink example [8]
What’s the total boot up time ?

It takes 5-20 minutes for Starlink to boot up and connect to the satellites. During the boot up process, many things are happening. You might have internet connectivity before the booting process finishes, as much of that time is spent calibrating your connection for the optimal dish orientation.
When you first power on your Starlink dish, it enters the Booting state. Power is sent to the dish via the Starlink cable. The firmware on the dish is initialized, while the router also gets going. This takes less than a minute.
Next, your Starlink dish will enter the Searching part of the boot up process. During this phase, the dish will point straight up to search for satellites. It can take anywhere from 1-5 minutes for Starlink to find and make the initial connections to the satellites.
The longest part of the booting process is calibration. For about 15 minutes, Starlink will continue to point straight up, and work to find the ideal orientation based on your geographical location. You’ll notice a message in the Starlink app, letting you know that calibration is happening.
During this time, you’ll have internet access, although it may be slower and less reliable until it’s done. After calibrating the connection, your dish will move into its final position, and the booting process is finished.
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