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Introduction
In last #108 meeting, the input T-docs R4-2313819[1] was presented with the information of the NTN UE aperture pointing or rotation speed. In this paper, we will continue discuss how to define a requirements for NTN UE aperture pointing or rotation speed.
Information from satellite industry
From the paper [1], following data were provided and could be treated as working assumptions for further discussions.
	Typically, VSAT terminals in high-frequency bands (e.g. Ku, Ka, etc) are characterized in their tracking capabilities including tracking velocity and acceleration, as well as range of motion with 6 parameters:
1. Range of motion:
· Azimuth Range in degrees (min, max deg or continuous)
· Elevation Range in degrees (min, max deg)
2. Azimuth Tracking:
· Azimuth Velocity in degrees per second (deg/s or °/s)
· Azimuth Acceleration in degrees per second per second (deg/s2 or °/s2)
3. Elevation Tracking:
· Elevation Velocity in degrees per second (deg/s or °/s)
· Elevation Acceleration in degrees per second per second (deg/s2 or °/s2)

Based on internal (non-public) system specifications from the Inmarsat and Viasat systems, we can extract the following minimum specifications for GEO mobile VSAT terminals applicable to land mobile, maritime and aeronautical. Aeronautical terminals drive the most stringent requirements, therefore, the target specification values are generally the following (or better):
· Azimuth Range = 0 to 260 deg, or 360 deg continuous 
· Elevation Range = 0 to 90 deg 
· Azimuth Velocity = 20 deg/s
· Azimuth Acceleration = 40 deg/s2
· Elevation Velocity = 15 deg/s
· Elevation Acceleration = 30 deg/s2

Proposal 4: Consider the following parameters related to beam steering and tracking for mechanically-steered VSAT as a worst case reference to derive inter-satellite beam steering time and corresponding timer and RRM requirements:
· Azimuth Velocity = 20 deg/s
· Azimuth Acceleration = 40 deg/s2
· Elevation Velocity = 15 deg/s
· Elevation Acceleration = 30 deg/s2

In practice however, actual values range depending on implementation and tend to be better than the specification requirement.  A small number of commercial terminals were surveyed, and summarized in the following table.  However, these specifications are not consistent across the industry and often incomplete, and it should further be noted that very high tracking speeds for mechanical antennas generally drive very high power motors and power consumption, therefore they should not be considered the norm.
	#
	Terminal
	Type/Size
	Angular Az/El Velocity (deg/s)
	Angular Az/El Accel (deg/s2)

	1
	Smiths KaStream® 5000 MK II
https://www.smithsinterconnect.com/CMSPages/GetFile.aspx?guid=56ef9e62-502c-421e-aff2-b5d3747ee795
	Aero VSAT, 30 cm 
	>30-60
	>60

	2
	SeaTel 4009
https://www.bluesat.com/amfile/file/download/file/2124/product/3361/
	Maritime, 1 m 
	90
	?

	3
	https://www.digisat.org/cpi-3.7aebp-2-axis-positioner
	Earth Station, 3.7 m
	60
	60

	4
	SatPro GA280
http://www.satpro.com/upfiles/GA280.pdf
	Phased Array
	>60
	>100

	5
	https://www.navarino.co.uk/wp-content/uploads/2022/02/SAILOR-60-GX-R2-product-sheet_a4_lowres.pdf 
	Maritime, 65 cm
	15
	15

	6
	https://www.viasat.com/content/dam/us-site/maritime/documents/1380722_Sailor_600_Co-Branded_Datasheet_2021_002.pdf 
	Maritime, 60 cm
	15
	15

	7
	https://www.viasat.com/content/dam/us-site/government/documents/1060540_Viasat_GMT-6524_datasheet_031_web.pdf 
	Maritime, 1m
	15
	15

	8
	https://www.jst-group.com/wp-content/uploads/2020/06/Inmarsat_Global-Government_GX_Land_Catalogue_May_2020_EN_LowRes.pdf 
	Military, phased array hybrid
	200
	200


If we consider the Azimuth and Elevation Velocity values discussed earlier, we can then derive an estimation of the beam steering time during an inter-satellite handover or re-selection.  That is, the time required for a mechanically-steered terminal to repoint between satellites.
The actual inter-satellite beam steering time can be observed to depend on three main factors:
· Beam steering and tracking velocity of the antenna;
· Angular separation between satellites;
· Elevation angle.
We can consider two different scenarios for GEO/GSO and NGSO (e.g. LEO).   For a baseline GEO system capable of global sub-polar coverage and composed of three satellites, we have a maximum angular separation between the three satellites of 360/3=120 degrees.   
For NGSO/LEO scenario, if we take a baseline assumption, in line with TR 38.821, that the minimum elevation supported by the user link will be 30 degrees, and for a constellation with minimal coverage overlap between satellites, the maximum angular separation between satellites, as seen by the UE, will be of about 120 degrees, driven by the elevation threshold.  This would put the LEO case in a similar ballpark as the baseline GEO case.
One important aspect to note is that Azimuth and Elevation ranges of motion and freedom of motion might not be the same, as rotations along the elevation axis are more constrained compared with azimuth axis, which usually is either 0 to 360 or, more typically, 360 degrees of continuous motion.
In case of GEO, the closest the UE is to the Equator (which is where the GEO arc is aligned), the more the antenna movement requires a combination between elevation and azimuth motion.  By comparison, if the UE is located in high latitudes, the movement across the GEO arc is primarily driven by Azimuth change.
Similarly, for LEO, the Elevation component of the movement becomes more prevalent the closer the UE is to the satellite Nadir point for each orbital plane.
For an examplary case, with GEO/GSO and 20 degrees elevation, the antenna movement can be approximated with an Azimuth rotation. We can simply divide the angular separation by the Angular velocity value:
· 120 / 20 = 6 seconds
· 120 / 15 = 8 seconds
Proposal 5: Consider 8 seconds as reference beam steering time between two satellites for NTN UE with mechanical aperture, for both GEO and LEO.
In practice however, it should be noted that in real-world networks, angular separation between satellites is usually less than 120 degrees, as can be seen from the example GEO constellation below.
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Figure 1- Reference GEO network coverage #1 showing separation between GEO satellite orbital slots
	Network #1 Satellite Name/Designation
	Orbital Slot
	Separation from West-adjacent satellite

	Inmarsat-5 F2 (GX-2) 
	55° West
	125.4°

	Inmarsat-5 F5 (GX-5)
	11° East
	66°

	Inmarsat-5 F4 (GX-4) 
	56.5° East
	45.5°

	Inmarsat-5 F1 (GX-1) 
	62.6° East
	6.1°

	Inmarsat-5 F3 (GX-3) 
	179.6° East
	117°

	Note: orbital slots are for representative purpose and may not be accurate.
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Figure 2- Reference GEO network coverage #2 showing separation between GEO satellite orbital slots

	Network #2 Satellite Name/Designation
	Orbital Slot
	Separation from West-adjacent satellite

	WildBlue-1
	111° West
	94°

	Viasat-3 Americas
	88.9 West
	21.1°

	Viasat-2
	69.9° West
	19°

	KA-SAT
	9° East
	78.9°

	Viasat-3 EMEA
	13.8 East
	4.8°

	ChinaSat-16
	110° East
	96.2°

	NBN SkyMuster I
	140° East
	30°

	NBN SkyMuster II
	145° East
	5°

	Viasat-3
	155° East*
	10°

	Note: orbital slots are for representative purpose and may not be accurate.
	 
	 






Based on these useful information, we can summarize the beam steering angles, steering speed, and time required for one beam steering from serving satellite to target satellite for a mechanical steering NTN UE in an inter-satellite steering scenario.
Table-1 Summarized parameters for a mechanical steering NTN UE
	Orbit type
	Aperture type
	Target steering angles
	Steering speed
	Required steering time

	LEO
	Phased-array
	Up to 120 deg
	{60 ~ 200} deg/s
	Up to {0.6~2} s

	LEO
	Parabolic
	Up to 120 deg
	{15 ~ 90} deg/s
	Up to {1.3~8} s

	GEO
	Phased-array
	{6 ~120} deg
	{60 ~ 200} deg/s
	Up to {0.6~2} s

	GEO
	Parabolic
	{6 ~ 120} deg
	{15 ~ 90} deg/s
	Up to {1.3~8} s



Observation 1: The information contains in R4-2313819 can be used as a working assumption to discuss requirements for NTN UE steering speed or tracking time.
Observation 2: The single steering time from current satellite to target satellite varies from 0.6 seconds to 8 seconds, which is a very large range.
Observation 3: The steering speed is irrelevant to the NTN UE antenna type or orbit type, it only relates to the steering mechanism.

According to TR 38.821, the maximum time of a UE can remain connected to a NGSO satellite is in a range of {6.61 ~ 132.38} seconds.
	Satellites in non-GEO orbits move with high speed relative to a fixed position on earth, leading to frequent and unavoidable handover for both stationary and moving UEs. This may result in significant signalling overhead and impact power consumption, as well as exacerbating other potential challenges related to mobility e.g. service interruption due to signalling latency.
For a UE travelling at a constant speed and direction, the maximum time it can remain connected to a cell is approximated by dividing the cell diameter by UE speed. For NTN LEO deployments, the cell size is divided by the relative speed between the satellite and the UE, where a UE moving in the same direction as the satellite subtracts from the relative speed, and a UE moving in the opposite direction increases relative speed, described by the equation below:
[bookmark: _Hlk19532685]
The scenario of cell diameter = one 50 km diameter beam will represent the lower bound (i.e. worst-case scenario for HO frequency), and cell diameter = 1000 km will be taken as the upper bound (i.e. best-case scenario for HO frequency).
Substituting reference values from 4.2-2 and 7.1-1 into the above equation, the maximum time a UE can remain in an NTN cell (i.e. the UE connects immediately at cell edge and leaves at the opposite cell edge) for the min/max cell diameter and relative speed is listed in the table below:
Table 7.3.2.1.4-1: Time to HO for min/max cell diameter and varying UE speed
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56 (NOTE 1)
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 (upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28



Neglecting UE movement, a UE served by an NTN LEO cell of diameter 50 km and 1000 km may remained connected for a maximum of 6.61 seconds and 132.38 seconds respectively due to satellite movement. Considering UE movement, this will vary by approximately +/- 4%. By neglecting satellite speed and setting UE speed to 500 km/hr as per table 7.1-1, this is equivalent to a terrestrial UE being served by a cell diameter ranging from approximately 0.918 km (NOTE 2) to 18.39 km. 



Observation 4: A UE served by an NTN LEO cell of diameter 50 km and 1000 km may remained connected for a maximum of 6.61 seconds and 132.38 seconds respectively due to satellite movement, where the lower range is even less than the 8 seconds that an NTN UE may require to just steering its aperture for pointing.

It should be noted that an NTN UE with a pointing time of 8 seconds has very low chance to establish connections to a NGSO network deployment with fly-over duration of 6.61 seconds. And this should be considered in the RF requirements aspects of RAN4 to make sure the 3GPP specified UE is workable under the NR-NTN deployment.
Proposal 1: It is proposed to define a minimum requirements or different capabilities for NTN UE steering speed or searching and pointing time, and such requirement can be differentiate based on the NTN UE steering mechanisms.
Conclusion
Observation 1: The information contains in R4-2313819 can be used as a working assumption to discuss requirements for NTN UE steering speed or tracking time.
Observation 2: The single steering time from current satellite to target satellite varies from 0.6 seconds to 8 seconds, which is a very large range.
Observation 3: The steering speed is irrelevant to the NTN UE antenna type or orbit type, it only relates to the steering mechanism.
Observation 4: A UE served by an NTN LEO cell of diameter 50 km and 1000 km may remained connected for a maximum of 6.61 seconds and 132.38 seconds respectively due to satellite movement, where the lower range is even less than the 8 seconds that an NTN UE may require to just steering its aperture for pointing.

Proposal 1: It is proposed to define a minimum requirements or different capabilities for NTN UE steering speed or searching and pointing time, and such requirement can be differentiate based on the NTN UE steering mechanisms.

Reference
[1] R4-2313819, “NTN UE types above 10GHz and beam steering impact on RRM”, Inmarsat, Viasat
[2] R4-2312219, “Specific NTN in above 10 GHz working hypothesis for RRM requirements”, THALES
[3] “LEO Small-Satellite Constellations for 5G and Beyond-5G Communications”, IEEE
[4] I. del Portillo, B. Cameron, and E. Crawley, “A technical comparison of three low earth orbit satellite constellation systems to provide global broadband,” Acta Astronautica, vol. 159, 03 2019
[5] “Spotlight: satellite ground stations – installing your own vs. using an existing network, with Leaf Space”
[6] TR 38.821
image1.jpeg
Global Xpress network available Extendable Global Xpress ex1 6X2 ox3 [ ]oxa 6X5 I-4 coverage
ﬂ over at least 99% of this area ﬂ coverage via steerable beams D D D — D D

%0°

80"

7004

-

.

.

el

204

|

04

20°

304

sior}

90° T T T T T T T T T T T T T T T T T 1
180° 00 140 120° 800 607 400 200 o 200 a0 607 1000 207 1400 600 180°
This map s for general Information purposes only and no guarsntes is given of accuracy or fitness for & particular u ject to change at any time. Global Xpres





image2.png
Viasat Global Ka-band Coverage Viasat™"
oo O oifn ootkm oofn ooffm oofm oo

andplanned SR Wbl Vool Wixa  msn wsehom
satellite fleet

Partner Teebras o1 ChinsSotcom Chinssat 16
satellites





