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Introduction
The need to define multiple NTN UE device types was discussed during RAN4 #104bis-e, but views were differing.  This contribution further discusses the benefit of multiple device types in the specification.
Discussion
UE type differentiation
During RAN4 #104bis-e the following agreements were made pertaining to UE device types
· Handheld smartphone type devices are out of scope for above 10 GHz NTN bands. [1]
There was also discussion on UE types but the issue on VSAT and/or ESIM type was not agreed and still listed as issue in 1-1-1 in [2].  The same is true for power class, listed as Issue 1-1-2 in [2].  For orbit types, it was agreed to prioritize GSO and NGSO while MEO and HEO should be considered if time allows.  
On UE device type, most of the satellite operators preferred a single UE type since it is perceived that they all have the same RF requirements and are implemented the same.  However, there was no technical justification provided to support this claim.  It may in fact be very likely that there are different requirements for different types of UE.  Under consideration are three types of UE’s listed below
1. Fixed VSAT communicating with GEO satellite,
2. Fixed VSAT communicating with LEO satellite,
3. Mobile VSAT (ESIM) communicating with GEO satellite
noting that the 4th type of UE described as ESIM communicating with LEO satellite is out of scope of this work item.  Also, MEO and HEO orbits have been deprioritized but should not be dismissed at this time.
The first difference between the three different types of UE’s relates to link budgets.  The EIRP to reach a GEO satellite is much higher than the EIRP required to reach a LEO.  Therefore, the power level and antenna aperture requirements are different for the fixed VSAT depending on whether it is communicating with GEO or LEO satellites.  In theory, it could be argued that if the UE is capable of reaching a GEO it should also be capable of reaching a LEO.  However, the front-end design of a UE for GEO will be very inefficient if backed off for LEO.  In practice, a UE capable of serving both GEO and LEO is likely to be two separate radios packaged together in a single enclosure – not a single design.  Power and aperture requirements can be represented by power class and therefore do not by themselves constitute the need for a different UE type.  However, other differences may exist between GEO and LEO that are less directly related to power and aperture.  Regulatory emissions and SEM as well as 3GPP derived coexistence requirements and capabilities such as ACS and ACLR may differ between LEO and GEO due to the different power levels, beam widths, and sidelobe suppression.  
Another key difference between types of NTN UE’s is their tracking ability.  Antenna system for NTN UE’s may be constructed with a parabolic dish or a phase array.  For the former, the steerability of the dish antenna is mechanical while for the latter it is both mechanical and electronic.  While both antenna systems enable steerability, their characteristics are likely to be very different.  The speed for which a mechanically steered antenna can be aimed is fundamentally limited by motors and gears.  Its reliability and longevity is also limited requiring more frequent maintenance and replacement.  Therefore, mechanically steered antennas are typically only useful for relatively slow and infrequent movements.  LEO constellations will require tracking the satellite on the order of minutes which may not be practical for mechanical steering.  On the other hand, electronically steered antennas can move very quickly and reliably without relying on mechanics.  The accuracy to which an antenna can be aimed may also differ between mechanical and electronic systems.  Finally, a parabolic dish can generally only be aimed in a single direction.  Due to the requirement for high gain and narrow beams, this means that the UE can only track one satellite at a time.  In order to monitor multiple satellites for measurements and handover, the dish would have to be mechanically steered across the sky.  This would incur signal disruption while the dish is aimed away from its serving satellite.  An electronically steered antenna can move much more quickly between satellites as needed.  It may even be possible to simultaneously aim towards more than one satellite depending on the phased array design, required beam width, and tolerable sidelobe rejection.  The antenna tracking ability of the NTN UE can have impact to RF requirements such as spherical coverage, tracking (to be defined), as well as RRM requirements for measurement gaps, delay, etc.
Observation:  There is a benefit for indicating UE types to distinguish capability, function, and requirements of the UE.
Signaling options
It is evident from the above discussion that there is a benefit to distinguishing different types of UE’s at least from the perspective of EIRP, antenna aperture, NGSO serving vs. GSO serving, and tracking ability.  And, indeed, this may be beneficial not only to distinguish the applicability of requirements, but also to convey to the network.  For example, if the UE is only GSO serving, then it may be beneficial to inform the network so the network does not attempt to schedule measurements on a NGSO satellite in a hybrid network.  There are multiple ways to introduce this signaling into the 3GPP specifications.  In FR2, the power class has already been used as a UE type indicator that is signaled to the network.  The power class conveys not just information about maximum output power but also indexes different requirements such as spherical coverage used to distinguish, for example, CPE type devices from handheld type devices.  A similar approach can be adopted for the NTN UE to use the power class as an indicator of UE type.  The possible disadvantage to this approach is a very large number of power classes may be required which might be impractical to manage as “power class”.  Another approach is to define a new IE to indicate the UE type.  An enumerated list of UE types would need to be developed.  While defining UE types has not been adopted previously, as 3GPP specifications expand in scope to include other verticals such as NTN, the need for UE type differentiation increases.  One last approach is to take an a la carte approach to UE type indication.  This means the different capabilities would be indicated separately and independently from one another.  Some of this capability signaling is already in place for NTN from Rel-17 may need to be revised to enable FR2.  The advantage of a la carte signaling is greater flexibility in UE support, but may lead to a more fragmented ecosystem with different UE’s supporting different capabilities on a more granular scale.  Examples of capability signaling from Rel-17 are shown below.
	ntn-ScenarioSupport-r17
Indicates whether the UE supports the NTN features in GSO scenario or NGSO scenario. If a UE does not include this field but includes nonTerrestrialNetwork-r17, the UE supports the NTN features for both GSO and NGSO scenarios, and also supports mobility between GSO and NGSO scenarios.
	UE
	No
	No
	No

	maxNumber-LEO-SatellitesPerCarrier-r17
Indicates the number of target LEO satellites the UE can monitor per carrier. For serving carrier, the number of target LEO satellites also includes the serving satellite. If this field is not included, the number of target satellites UE can monitor per carrier is 2. The value shall be larger than or equal to the reported value on maxNumber-NGSO-SatellitesWithinOneSMTC-r17.
	Band
	No
	FDD only
	FR1 only

	maxNumber-NGSO-SatellitesWithinOneSMTC-r17
Indicates the number of different NGSO satellites for target cells that the UE supports of simultaneous measurements within a SMTC with value n1 corresponds to 1, value n2 corresponds to 2 and so on.
	Band
	No
	FDD only
	FR1 only



Observation:  Signaling options to indicate UE type include 
1. Using the power class to represent the UE type encompassing more than output power, 
2. Defining a new signaling IE to represent UE type,
3. Using the power class and discrete capabilities (some of which are already available, others to be added as needed) to represent UE type.
Conclusion
This contribution discusses UE type indication.  Some benefits of UE type indication are described in this contribution that cannot be well captured simply by output power and antenna aperture.  These include distinguishing different types of UE’s at least from the perspective of EIRP, antenna aperture, NGSO serving vs. GSO serving, and tracking ability, but there may be others as well.  Therefore, it is observed that UE type indication and signaling to the network would be beneficial.  Options for how the signaling could be implemented are also provided for further consideration.
Observation:  There is a benefit for indicating UE types to distinguish capability, function, and requirements of the UE.
Observation:  Signaling options to indicate UE type include 
1. Using the power class to represent the UE type encompassing more than output power, 
2. Defining a new signaling IE to represent UE type,
3. Using the power class and discrete capabilities (some of which are already available, others to be added as needed) to represent UE type.
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