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Introduction
A proposed UE reference architecture was provided in [1].  In this paper, an elaboration of the reference architecture is presented with respect to the antenna system.  
Discussion
One of the difficulties in agreeing on a reference architecture for the UE is the diverse set of scenarios envisioned and the subsequent requirements.  It should be recalled that the purpose of a reference architecture is to enable requirements definition in RAN4.  It is not intended to limit the implementation nor is it intended to cover the entire space of all possible implementations.  The reference architecture as a means to help derive requirements is fully internal to RAN4 and never appears in external-facing specifications.  Due to the difficulty so far in reaching agreements for NTN, it is proposed to agree on simplistic UE architectural assumptions to enable more rapid progress than seen so far. 
The support of GSO and NGSO scenarios has been defined in TS 38.306 [2] so far for NTN.  Although this capability and all NTN related capabilities in 38.306 have only been contemplated so far for FR1 NTN in Rel-17, it can be expected that the capabilities will be directly extended to FR2 NTN unless reason is found not to.  It may also be expected that additional capabilities (or UE types) may be added for FR2 NTN depending on the ongoing discussions.
	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



Proposal 1:  For the NTN UE supporting LEO, the reference architecture includes a phased array antenna.  For the NTN UE supporting GEO, the reference architecture includes a parabolic antenna.  For the NTN UE supporting both LEO and GEO, the reference architecture includes both a parabolic and a phased array antenna.
These antennas are separate from the antennas used for TN operation, if TN is also supported.  For a stationary UE focused on a GEO satellite, the antenna need not be steerable.  However, if the UE is on a moving platform, then steerability is still required even for a GEO satellite.  Since there has so far been no agreement to distinguish “fixed VSAT” from “ESIM” type UE’s, then the minimum requirement should be based on a UE that has some degree of dynamic steerability even if it is a parabolic antenna aimed at a GEO satellite.  However, the rate at which the antenna can be mechanically steered is expected to be much slower than a phased array.  The next question that arises is which requirements would be impacted by steerability.  If no requirements are impacted, then this aspect need not to be considered in the reference architecture. 
Two requirements that relate to steerability include neighbor cell measurements and pointing accuracy.  A discussion of pointing accuracy is deferred to a future contribution since it should be considered whether the pointing accuracy is a reflection of the capability and performance of the equipment, or whether it is a function of the installation.  The 3GPP specifications only pertain to equipment performance, so installation related errors can be neglected.  However, further questions remain such as the accuracy of motors in the steering system and if/whether these aspects should be considered in the reference architecture and eventually in defining pointing accuracy requirements in 3GPP.
For neighbor cell measurements, the RAN2 UE capability specifications allow up to two parallel measurement gap patterns.  The default is a single measurement gap.

	parallelMeasurementGap-r17
Indicates whether the UE supports 2 parallel measurement gaps for NTN RRM measurements. If a UE does not include this field but includes nonTerrestrialNetwork-r17, the UE supports 1 measurement gap for NTN RRM measurements. If this parameter is indicated, a UE shall also support that two parallel measurement gaps with the same gap type can be associated to one frequency layer. A UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17.
	UE
	No
	FDD only
	FR1 only




The measurement gap capability is explicitly denoted as FR1 only suggesting that FR2 may allow greater flexibility with beam sweeping.  However, beam sweeping is not practical for a parabolic antenna.  Hence, until otherwise determined, the focus on this paper is on the same capability for FR2 as has been defined for FR1 – in other words, either one or gap measurement gap patterns can be configured.
Even for a single measurement gap, a parabolic antenna will have difficulty repositioning itself to receive from a different satellite.  Due to its mechanical steering, the time to aim to another satellite will be long.  One possibility is to extend the duration of the measurement gap to allow for mechanical steering, but the time required is still TBD and the degradation to throughput may be significant.  A second possibility is to assume the availability of two antennas already aimed at the satellite so the time required is only the switching time between the two antennas.  The disadvantage of this assumption is that two antennas is not practical on many platforms.  For example, on aircraft where size and weight are constrained, it may not be possible to equip two antennas (aircraft may more likely use phased array antennas).  On the other hand, for fixed earth stations such as the point-of-sale installations of VSAT it is certainly possible, even likely, that multiple dishes are available.  
Proposal 2:  For the reference architecture with parabolic antenna only, assume two parabolic antennas are available each aimed at different satellites.
Having two antennas available simplifies the baseline capability with one measurement gap.  However, in case the UE supports a capability of two parallel measurement gaps, this would still be insufficient.  It is understood that the motivation behind the capability for two parallel measurement gaps is for LEO satellites with different Doppler shifts.  Therefore, since it is assumed from Proposal 1 above that a UE supporting a LEO constellation has a phased array antenna, there is no need to assume three parabolic antennas.
Observation:  The capability of two parallel measurement gaps is intended for the UE to monitor multiple LEO constellations with different Doppler shifts.  Therefore, because the scenario is LEO, this UE will have a phased array antenna (Proposal 1 above) and does not require mechanical steering of a parabolic antenna.
For the phased array antenna, the number of simultaneous beams that can be generated should also be agreed upon for the reference architecture.  Due to limitations in the array size (number of elements and spacing) as well as the need to generate highly focused beams and to minimize the unintended sidelobe response, it should be assumed that only a single beam is available for the baseline UE.  A more advanced UE capable of two simultaneous beams can also be considered so long as it also has the capability of maintaining simultaneous Doppler frequency offsets across the two beams.  Even for intra-frequency measurements, there can be frequency offset between the downlinks from each LEO satellite in the constellation due to the high speed and large Doppler offsets; thus, separate tracking loops may need to be maintained for best performance.  Moreover, the second beam is likely to provide less gain than the primary beam negatively impacting the received power and SNR for the neighbor cell measurement.  It is proposed to discuss these challenges, but perhaps for the sake of expediency, it may be preferable to only assume a single beam can be formed that must be swept or adjusted to aim to a different satellite.
Proposal 3:  For the phased array antenna, the baseline assumption is only a single beam can be formed in one direction at any instant in time.
Proposal 4:  A more advanced UE with phased array capable of two simultaneous beams should be further discussed as there are some challenges to be addressed.  For the sake of expediency of the standardization work, it is proposed to focus only on the baseline ability to form only a single beam at any given instant in time. 
Conclusion
In this contribution, we consider the antenna system for the UE reference architecture.  It is important to reiterate that the reference architecture does not preclude any implementation; its sole purpose is to simplify and facilitate the derivation of requirements.  Based on the UE capabilities that have previously been defined for NTN in RAN2, albeit only with FR1 NTN in mind, the following proposals are presented in this contribution
Proposal 1:  For the NTN UE supporting LEO, the reference architecture includes a phased array antenna.  For the NTN UE supporting GEO, the reference architecture includes a parabolic antenna.  For the NTN UE supporting both LEO and GEO, the reference architecture includes both a parabolic and a phased array antenna.
Proposal 2:  For the reference architecture with parabolic antenna only, assume two parabolic antennas are available each aimed at different satellites.
Proposal 3:  For the phased array antenna, the baseline assumption is only a single beam can be formed in one direction at any instant in time.
Proposal 4:  A more advanced UE with phased array capable of two simultaneous beams should be further discussed as there are some challenges to be addressed.  For the sake of expediency of the standardization work, it is proposed to focus only on the baseline ability to form only a single beam at any given instant in time. 
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