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Introduction
This document discusses aspects related to NTN UE operating above 10 GHz, specifically with the aim of helping to define the scope of RAN4 RRM work. 
Furthermore, following discussions in RAN4#107, RAN4#108, RAN#101 recommended the following:
[image: ]
This contribution is hence specifically targeted at providing further input on differences between terminal architectures in terms of mechanical vs electronic steering, how that relates to parabolic vs phased array aperture, applicability to fixed, mobile and “on-the-pause” or “nomadic” UE, to GEO/GSO vs NGSO/LEO and some input guidance on beam steering delay.
VSAT UE Types
Overview
Two of the points that have been brought to discussion in RAN4 and RAN numerous times during the discussion on NTN UE support above 10 GHz:
1. Parabolic vs phased array antenna;
2. Mechanical vs electronic beam steering and tracking.
Many companies seem to conflate the two things, assuming that all mechanical terminals make use of parabolic antennas, and that all terminals making us of phased array antennas are fully capable of electronic beam steering.  Furthermore, there seems to be an implicit assumption that NGSO systems, in particular LEO, make always use of phased array terminals, and that GEO/GSO systems make generally use of parabolic terminals.  However, neither of these assumptions are coorect.
In this paper, we aim to try and clarify those aspects, the necessary distinctions, and will attempt to show that for practical purposes, aspect (1), i.e. whether the antenna is implemented as parabolic or phased array, does not necessarily have any bearing on the beam steering capabilities.  What really matters instead are the actual beam steering and tracking capabilities, and whether they are based on mechanical or electronic steering. 
By looking at current Very Small Aperture Terminal (VSAT) implementations available in the SATCOM market, we can summarize their broad types into 4 buckets:
1) Fixed beam - Do not have any automatic beam steering or satellite tracking capability, and instead rely on human pointing.
2) Mechanically-steered - Predominantly (or exclusively) rely on a mechanical multi-axis gimbal for beam steering and tracking, usually to  compensate vessel, vehicle or aircraft movement, or for auto-deploy in the case of land-portable terminals.
3) Electronically-steered;
4) Hybrid (mechanical + electronic) - Combine the capabilities of electronic beam steering via phased arrays with mechanical gimbals.  These architectures are becoming more and more common in latest satcom applications.  
All these four types are used interchangeably for GEO/GSO and NGSO/LEO, often irrespective of whether they are used for fixed, mobile or ”on-the-pause” (aka nomadic, movable or transportable) applications. 
Throughout the section, we will use the term ”VSAT” irrespectively to identify any satellite user terminal with a directional antenna, irrespective of the antenna implementation or intended application.
Another factor that can be taken into account is whether the VSAT is capable of forming one single beam at any given instant of time, or multiple beams, whether through a single or multiple antenna apertures. 
Some example terminals are shown below – note that we are not taking into account multi-aperture terminals.

	#
	Terminal
	Application / Use Case
	Antenna Type
	Beam Steering
	Supported Orbit(s)

	1
	[image: ]
	Residential Broadband
	Parabolic
	Fixed
	GEO

	2
	[image: GX LITE USER TERMINAL | Inmarsat Government]
	Land Portable
	Phased Array
	Fixed +
Electronic (fine adjustment)
	GEO

	3
	[image: Cobham Explorer 5075 GX | IP Access International]
	Land Portable
	Parabolic
	Mechanical
	GEO

	4
	[image: ]
	Maritime
	Parabolic
	Mechanical
	GEO, MEO, LEO

	5
	[image: ]
	Aeronautical
	Parabolic
	Mechanical
	GEO, MEO

	6
	[image: ]
	Aeronautical
	Phased Array
	Mechanical
	GEO, MEO, LEO?

	7
	[image: ]
	Land Mobile
	Phased Array
	Hybrid
	GEO, MEO, LEO

	8
	[image: Starlink Specifications]
	Residential Broadband
	Phased Array
	Hybrid
	LEO

	9
	[image: Solving the Thales Ka-band antenna conundrum | PaxEx.Aero]
	Aeronautical
	Phased Array
	Hybrid
	GEO, MEO, LEO

	10
	[image: Kymeta Hawk u8 Providing Seamless Satellite or hybrid Mobile Connection]
	Land Mobile
	Phased Array
	Electronic
	GEO, MEO, LEO



From the survey above, we can see that the line between mechanical, electronic and hybrid beam steering is often blurred, with mechanical steering often used also for phased array implementations, and that there is no clear cut distinction between which one is used for which orbit (GEO, MEO, LEO). Therefore we propose the following:
Proposal 1: Adopt the term ”Directional NTN UE” to identify an NTN UE that has directional antenna, typically known in satellite communications as ”Very Small Aperture Terminal (VSAT)”, irrespective of whether it is fixed or mobile, mechanically-steered or electronically-steered, based on parabolic reflector or phased array. 
Proposal 2: Consider mechanically-steered and electronically-steered NTN UE irrespective of whether it is based on parabolic of phased array aperture and irrespective of the orbit (GEO, MEO, LEO).
Proposal 3: Do not consider hybrid mechanical-electronically steered NTN UE as a separate case

Beam Steering
Mechanical Beam Steering
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



Inter-satellite beam steering time
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.
	 
	 



Scoping of RRM Requirements for NTN UE
Impact on Inter-satellite Mobility
Based on the discussion above, we identify that multiple scenarios are possible in practice, that may have different implications in terms of RRM requirements for inter-satellite measurement, handover and re-selection.
These could be summarized to the following scenarios, in principle irrespective of whether the antenna is implemented as a parabolic reflector or as a phased array:
1. NTN UE capable of Single beam (at any given time), via single, mechanically-steered aperture
2. NTN UE capable of Single beam (at any given time), via dual mechanically-steered aperture
3. NTN UE capable of Single beam (at any given time), via single electronically-steered aperture
4. NTN UE capable of Multiple beams (analog or digital, simultaneous at any given time), via dual mechanically-steered apertures (i.e. 2 antennas)
5. NTN UE capable of Multiple beams (analog or digital, simultaneous at any given time), via single or dual electronically-steered aperture.
However, it is very easy to conclude that the multi-beam cases can be considered optimizations on the baseline case, which is that the UE will only be able to support one simultaneous analog beam at any given instant of time.  Multi-beam scenarios could be considered at a later phase.
Observation 1: Scenarios in which a directional NTN UE can support multiple simultaneous analogue beam at any given time can be considered as optimizations on the baseline case with single beam.
The remaining point which has a key impact on RRM requirement scoping is how fast the beam can be re-traced steered during either an inter-satellite handover case, or during the cell/satellite search phase (which includes spatial scan to identify a target satellite for initial access).  The main driving factor here is whether the beam is electronically or mechanically-steered.
Observation 2: We can simplify the initial assumption by assuming that the NTN UE is capable of sustaining a single beam at any given instant of time and differentiate between whether the beam is mechanically- or electronically-steered.

In practice however, even the electronically-steered case could be seen as a “high-performance” optimization of the baseline case with mechanical steering, which would allow us to potentially reduce the scope of RRM requirement specification.

Proposal 6: Agree on either of these two options as baseline assumption for directional NTN UE, for the purpose of defining any RRM and mobility requirements:
· Option 1: Assume that the NTN UE is capable of sustaining a single beam at any given instant of time, and differentiate between whether the beam is mechanically- or electronically-steered.
· Option 2: Assume that the NTN UE is capable of sustaining a single beam at any given instant of time and only differentiate beam steering time, irrespective of electronic vs mechanical steering implementation (can be abstracted away as left to implementation).  

Proposal 7: De-scope or at least de-prioritize scenarios with UEs capable of forming multiple beams simultaneously, whether via single or multiple apertures.

This gives us two different architectures to study and specify, with two different orders of magnitude for beam steering time:
1. Type 1) Single beam - Electronically-steered UE – UE could support beam sweeping, and beam re-trace takes on the order of us to ms. 
1. Type 2) Single beam, Mechanically-steered UE – UE does not support beam sweeping, and beam steering/tracking between satellites requires up to a few seconds.
Proposal 8: Study the two following NTN UE architecture options:
1. Type 1) Single beam - Electronically-steered UE – UE can support beam sweeping, and beam re-trace takes on the order of us to ms. 
1. Type 2) Single beam, Mechanically-steered UE – UE does not support beam sweeping, and beam steering/tracking between satellites requires up to a few seconds.

Our expectation is that a number of RRM related requirements will be impacted, but we think that the major distinction will be related to whether intra-satellite or inter-satellite requirements are considered (regardless of whether it’s inter-cell or intra-cell).
Proposal 9: For both UE Type 1 and Type 2, consider distinction between intra-satellite and inter-satellite scenarios to define the different RRM requirements.
We expect that, at least for Type 2 UE (mechanically steered), when UE is within a given satellite coverage (intra-satellite), the normal NTN FR1 RRM requirements, including inter-cell measurements, HO, reselection (both intra-frequency and inter-frequency) can be reused with minor necessary adaptations due to the higher frequency band and numerology.
[image: A screenshot of a computer
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Figure 1 - Intra-satellite UE mobility. UE keeps beam pointed towards satellite, whilst traversing multiple satellite beams.  At given overlap points, UE can see multiple adjacent satellite beams. Beams can belong to same or different cells.
Observation 3: In intra-satellite scenarios, there are many situations in which  the UE can see multiple adjacent satellite beams, and in which, depending on the NTN implementation, these could correspond to combinations of inter-cell, intra-cell, inter-frequency, intra-frequency.
For Type 1 (electronically-steered), one could consider a distinction whereby the UE has to select different UE Tx/Rx beams as it moves throughout the satellite coverage. 
[image: ]
Figure 2 - Example scenario of a Type 1 UE moving across a satellite coverage (intra-satellite).  In addition to satellite (SAN) beam changes, the UE may have to change the selected UE TX/RX beam even within the footprint of the same satellite/SAN beam.
However, if the beam steering and selection are left to implementation, also Type 1 UE can be treated the same as Type 2, as a baseline, and therefore reuse NTN FR1 RRM requirements at least intra-satellite as a baseline, with minor adaptations.  Further study of RRM requirements specific to Type 1 implementation (e.g. beam selection, sweeping, etc) could be considered as optimizations, at a later stage.
Proposal 10: As a baseline, consider re-using NTN FR1 RRM requirements as a starting point for intra-satellite scenarios, for both Type 1 and Type 2, with the necessary minimum adaptations, and with the assumption that beam steering and management for Type 1 UE can be left to implementation or for future study as an optimization.
Proposal 11:  For intra-satellite scenario, consider intra-cell and inter-cell scenarios in both intra-frequency and inter-frequency.
For inter-satellite scenarios, on the other hand, there are in principle significant differences between Type 1 and Type 2.  Some of the key aspects are related to target satellite measurements during inter-satellite CONNECTED mode HO and IDLE mode re-selection.  
The standard procedure for example for inter-satellite HO would require the UE to re-point towards the target satellite to perform a measurement, re-point back to the serving satellite to report the measurement and later re-point yet again towards the target satellite upon reception of the HO trigger from the Network.   
With a mechanically-steered UE (Type 2) taking several seconds to re-point its antenna, this is not feasible.  Therefore, we propose to remove the requirement for target satellite measurement before a HO or re-selection, and assume the NTN UE will perform a ”blind” HO or re-selection, as a baseline, which is more aligned to how satellite systems usually work.  
Proposal 12: Remove requirement for target cell/satellite measurement before an inter-satellite mobility event, for both inter-satellite HO and inter-satellite cell re-selection, and consider a ”blind HO” procedure as a baseline for at least for mechanically-steered UE (Type 2).
In theory, on the other hand, the electronically-steered UE (Type 1) should be close to being able to meet existing FR1 NTN UE RRM requirements with some adaptations taken from FR2 TN.  However, we could argue that if  the requirements established for Type 2 are sufficient, for the sake of workload management, the same principles and minimum requirements could be applied to Type 1 as well, whilst further refinement of the requirements for Type 1 could be considered in the future as an optimization.
Proposal 13:  For Type 1 inter-satellite scenarios, consider same requirements as Type 2 as a baseline minimum solution.  Further analysis of Type 1-specific inter-satellite requirements could be studies as a second priority optimization if time allows.
The underlying baseline assumption should be that the UE has knowledge of neighbour satellite position via constellation Ephemeris and will be able to use that information, alongside with its own coarse position, to re-point towards the correct target satellite, either independently (satellite re-selection) or when instructed by the Network.
Proposal 14: The NTN UE should use knowledge of neighbour satellite ephemeris and its own position to point towards a target satellite during inter-satellite mobility. 
Furthermore, for NGSO systems with either Earth-fixed or Earth-moving beams, in both in IDLE and CONNECTED mode, the inter-satellite HO or Re-selection events can be very predictable.
Outside of the RRM requirements, there is also an open point as to whether and which higher layer mobility aspects might be impacted by the beam steering capability, one of such being mobility timers. We propose that RAN4 ask RAN2 to clarify any such impacts.
Proposal 15: FFS impact on higher layer mobility aspects.  RAN4 should consider sending an LS to RAN2 to clarify whether beam steering time for mechanically-steered NTN UE may impact mobility timers (e.g. such as t304) during inter-satellite mobility in IDLE and CONNECTED modes.
Lastly, when we remove the requirement for measurement of target satellite before inter-satellite mobility, it is possible that a number of corner conditions may arise, due to the lack of knowledge by the UE on the signal from the target satellite ahead of the mobility event.  One possibility is that the UE may re-point towards a target satellite which may be subject to temporary or permanent line-of-sight obstruction.  In such scenario, the HO or re-selection may fail.  
For example, when inter-satellite mobility is triggered without prior measurement, there can be two possible outcomes:
1. The UE finds the target satellite and HO is successful;
1. The UE does not find the target satellite due to temporary or permanent LoS obstruction or absence of the satellite:
1. Temporary obstruction
1. Permanent obstruction or absence of target satellite
How the UE should behave in such scenarios may need to be studied.  One approach could be that the UE is simply instructed to perform a HO without any knowledge of the target satellite signal level.   This might mean that if the HO fails, the UE will eventually declare BFD, RLF and lose connection to the network.
Another approach could be that the UE should perform both target satellite measurement and HO at the same time, after having steered towards the target satellite, as a form of Conditional HO (CHO).  The procedure could assume that the UE should point to the new target satellite, but autonomously decide to only perform HO in case the target satellite measurement succeeds (condition is met), without first reporting the measurement result to the source gNB.  If the condition is not met, the UE could attempt HO to another satellite if known, or re-point towards the last known satellite (if available).
Proposal 16: Consider the following situations when handling inter-satellite mobility for mechanically-steered NTN UE when the UE does not find the target satellite due to temporary or permanent LoS obstruction or absence of the satellite:
· Case 1: Temporary obstruction
· Case 2: Permanent obstruction or absence of target satellite




Conclusion


Proposal 1: Adopt the term ”Directional NTN UE” to identify an NTN UE that has directional antenna, typically known in satellite communications as ”Very Small Aperture Terminal (VSAT)”, irrespective of whether it is fixed or mobile, mechanically-steered or electronically-steered, based on parabolic reflector or phased array. 
Proposal 2: Consider mechanically-steered and electronically-steered NTN UE irrespective of whether it is based on parabolic of phased array aperture and irrespective of the orbit (GEO, MEO, LEO).
Proposal 3: Do not consider hybrid mechanical-electronically steered NTN UE as a separate case

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

Proposal 5: Consider 8 seconds as reference worst-case beam steering time between two satellites for NTN UE with mechanical aperture, for both GEO and LEO.
Observation 1: Scenarios in which a directional NTN UE can support multiple simultaneous analogue beam at any given time can be considered as optimizations on the baseline case with single beam.
Observation 2: We can simplify the initial assumption by assuming that the NTN UE is capable of sustaining a single beam at any given instant of time and differentiate between whether the beam is mechanically- or electronically-steered.

Proposal 6: Agree on either of these two options as baseline assumption for directional NTN UE, for the purpose of defining any RRM and mobility requirements:
· Option 1: Assume that the NTN UE is capable of sustaining a single beam at any given instant of time, and differentiate between whether the beam is mechanically- or electronically-steered.
· Option 2: Assume that the NTN UE is capable of sustaining a single beam at any given instant of time and only differentiate beam steering time, irrespective of electronic vs mechanical steering implementation (can be abstracted away as left to implementation).  

Proposal 7: De-scope or at least de-prioritize scenarios with UEs capable of forming multiple beams simultaneously, whether via single or multiple apertures.

Proposal 8: Study the two following NTN UE architecture options:
1. Type 1) Single beam - Electronically-steered UE – UE can support beam sweeping, and beam re-trace takes on the order of us to ms. 
1. Type 2) Single beam, Mechanically-steered UE – UE does not support beam sweeping, and beam steering/tracking between satellites requires up to a few seconds.

Proposal 9: For both UE Type 1 and Type 2, consider distinction between intra-satellite and inter-satellite scenarios to define the different RRM requirements.
Observation 3: In intra-satellite scenarios, there are many situations in which  the UE can see multiple adjacent satellite beams, and in which, depending on the NTN implementation, these could correspond to combinations of inter-cell, intra-cell, inter-frequency, intra-frequency.
Proposal 10: As a baseline, consider re-using NTN FR1 RRM requirements as a starting point for intra-satellite scenarios, for both Type 1 and Type 2, with the necessary minimum adaptations, and with the assumption that beam steering and management for Type 1 UE can be left to implementation or for future study as an optimization.
Proposal 11:  For intra-satellite scenario, consider intra-cell and inter-cell scenarios in both intra-frequency and inter-frequency.
Proposal 12: Remove requirement for target cell/satellite measurement before an inter-satellite mobility event, for both inter-satellite HO and inter-satellite cell re-selection, and consider a ”blind HO” procedure as a baseline for at least for mechanically-steered UE (Type 2).
Proposal 13:  For Type 1 inter-satellite scenarios, consider same requirements as Type 2 as a baseline minimum solution.  Further analysis of Type 1-specific inter-satellite requirements could be studies as a second priority optimization if time allows.
Proposal 14: The NTN UE should use knowledge of neighbour satellite ephemeris and its own position to point towards a target satellite during inter-satellite mobility. 
Proposal 15: FFS impact on higher layer mobility aspects.  RAN4 should consider sending an LS to RAN2 to clarify whether beam steering time for mechanically-steered NTN UE may impact mobility timers (e.g. such as t304) during inter-satellite mobility in IDLE and CONNECTED modes.
Proposal 16: Consider the following situations when handling inter-satellite mobility for mechanically-steered NTN UE when the UE does not find the target satellite due to temporary or permanent LoS obstruction or absence of the satellite:
· Case 1: Temporary obstruction
· Case 2: Permanent obstruction or absence of target satellite


Reference 
[1] Eutelsat TYPE APPROVAL AND CHARACTERIZATION PROCEDURES ESOG 120 Issue 8 – Rev. 1, May 2021;  https://www.eutelsat.com/files/contributed/satellites/pdf/esog120.pdf 
[2] Inmarsat Global Xpress Release 2 System Definition Manual (SDM) – Not Public.
[3] Viasat G-12 Ka Antenna System Specification – Not Public.
[4] https://www.inmarsat.com/en/about/technology/satellites.html 
[5] https://en.wikipedia.org/wiki/Inmarsat 
[6] https://www.viasat.com/space-innovation/satellite-fleet/global-satellite-internet/ 
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