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1	Introduction
In this contribution, we discuss and share our views on further NTN enhancements in Release 19.
[bookmark: _Ref178064866]2	Discussion
2.1	Regenerative Architecture
The Rel-16 SI on NTN investigated the feasibility of different architectures or split options to support NTN, while minimizing the need for new interfaces and protocols. In addition to the fully transparent option, two regenerative options have been studied in detail, the full gNB on board the satellite (gNB processed payload) and the DU on board (gNB-DU processed payload) [1].
[bookmark: _Toc135905832]The Rel-16 SI on NTN has investigated various NTN architectures; there is no need to repeat these studies.
Because the least specification impact was expected with the transparent option, it was selected to be standardized in Rel-17. TS 38.300 contains a description of the NTN architecture that explicitly describes it as transparent [2]:
[image: ]
[bookmark: _Toc135905833]Rel-17 specifications (TS 38.300) indicate a transparent architecture.
It is clear, however, that a regenerative solution is the most flexible option and offers the best performance (e.g. significantly shorter round-trip time between UE and gNB). It would also be straightforward to implement the Xn interface between neighboring satellites using inter-satellite links. Such feature would be precluded if adopting e.g. the gNB-DU processed payload option.
[bookmark: _Toc135905834]An architecture with the full gNB on board offers the best performance and is the most flexible option.
However, as we will explain in the following, in our view, placing a gNB on board the satellite is already supported by the Rel-17 algorithms and enhancements. 
2.1.1	RAN1 aspects
Time and frequency synchronization are critical aspects from a PHY perspective. The Rel-17 physical layer specifications are based on a reference point (RP) at which uplink time synchronization should be achieved. The location of the reference point is flexible and can be placed anywhere between (and including) the satellite and the gateway (see the below figure from TS 38.300 [2]). 
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By placing the reference point in the satellite, it is possible to terminate the Uu interface at the satellite, which from a RAN1 perspective provides the necessary means to locate the full L1 stack on board the satellite. 
With respect to the frequency compensation because of the large Doppler shift, Rel-17 UEs need to support UL and DL frequency compensation of the service link. The gNB should cater for the feeder link frequency compensation. This design philosophy also aligns with the principles of the regenerative architecture.
2.1.2	RAN2 aspects
With a fully regenerative solution, the feeder link delay disappears for the UE. From RAN2 perspective, there are two (sets of) parameters related to the feeder link delay.
· K_mac is needed to enhance certain scheduling relations in case the UL/DL reference point is not at the gNB. With the full gNB on board the satellite, the RP will naturally be on the satellite, so K_mac is not needed.
· Common TA parameters carry information about the feeder link delay (up to the RP) and its variation with time. With a fully regenerative architecture, Uu terminates at the satellite, UEs don’t need to compensate for the feeder link delay, and Common TA is not needed.
In case of a regenerative architecture, K_mac and the Common TA would simply not be provided by the network, and no spec change is needed.
2.1.3	RAN3 aspects
From RAN3 perspective, it is in particular the NG and Xn interfaces that would be affected by placing a gNB on the satellite. In our view, both of these would work in a regenerative architecture without spec changes. For the NG interface, a challenge is that the AMF will change as the satellite moves around the Earth. However, NG already supports the possibility to maintain connections to multiple AMFs in a pool (NG-flex) as well as having multiple SCTP associations between the same pair of nodes (gNB/AMF). Similarly, the Xn interface could be transported over inter-satellite links, supporting the full range of functions (including data forwarding, HO, etc.) between satellites without spec changes. It should be noted that the (standardized) Xn interface could be leveraged if a satellite constellation is sourced from multiple vendors. 
2.1.4	RAN4 aspects
From RAN4 perspective, the Satellite Access Node (SAN) encompasses gateway and satellite [3]. The RAN4 requirements are defined for two types of satellite access nodes, type 1-H and 1-O. For type 1-H, there are radiated requirements and conducted requirements, while for type 1-O, all requirements are radiated requirements. These requirements are defined at certain interfaces, which are also described in the specifications. In any case, the specifications support the location of these interfaces in a satellite, as required in a regenerative architecture.
2.1.5 	Summary
In summary, a regenerative architecture is already supported by the current NTN solutions. Confusion might arise from the fact that the high-level description in TS 38.300 explicitly mentions a transparent architecture. As a minimum, a clarification could be added to TS 38.300, stating that a regenerative architecture is also supported. If further gaps are identified, they should be addressed.
[bookmark: _Toc135905835]Regenerative architecture is already supported by the Rel-17 NTN solutions.
[bookmark: _Toc136296123]Add a clarification to TS 38.300 for Rel-19, stating that a regenerative architecture is supported. 
2.2	RedCap
NR RedCap is a complementary NR interface to enable the usage of UEs with reduced complexity and form factor as well as new power saving features, introduced in Rel-17. The RedCap requirements are different from those of LTE-M and NB-IoT, and RedCap should not be seen as a replacement of these technologies, which have been enhanced to support NTN in Rel-17/18 (IoT NTN). Nevertheless, we see that many IoT-like use cases could be served well by RedCap UEs. Since RedCap relies on the NR radio interface, supporting RedCap via NTN should be largely transparent. Our findings indicate that only RAN4 RRM requirements are missing.
[bookmark: _Toc136296124]To add NTN support for RedCap, the missing RRM requirements should be addressed.
2.3	DL Coverage Enhancements
Coverage enhancements are a significant part of the Rel-18 NTN WI [4]. In the study phase, preceding the normative work, it was found that the bottleneck for coverage is in the UL direction, and thus the Rel-18 work has been fully focused on UL enhancements. However, even DL coverage could be a bottleneck in some situations:
· When the satellite becomes power-limited because it has to share power between many cells. The severity of this effect depends on the number of satellites and the number of simultaneous beams per satellite, but as an example, a LEO satellite at 600 km altitude has a footprint diameter of about 1700 km, assuming a minimum elevation angle of 30 degrees. If the satellite has to fill this area with beams of about 50 km diameter, this corresponds to >1100 beams.
· When the satellite needs to operate under PFD limitations imposed e.g. by the ITU Radio Regulations.
· In case there is an additional loss due to the body of the user being placed between the UE and the satellite. Such a loss could be in the order of 10 dB.

[bookmark: _Toc135905836]DL coverage could be a bottleneck in some situations.
To improve the performance in these situations, it seems justified to work on DL coverage enhancements. Often, the method of choice to improve coverage is to introduce repetitions. At least in the first two bullets above, using repetitions would however be counterproductive. More simultaneous transmissions require even more power, which would simply not be available in a power-limited situation. PFD limitations are applied to minimize the interference created in other systems. In this situation, more repetitions would create even more interference and thus act contrary to the intention of the PFD limitations. Therefore, we would prefer to prioritize enhancements of spectral efficiency and avoid enhancements that significantly increase the DL activity factor on system level (e.g. repetitions). 
[bookmark: _Toc136296125]Improve the DL coverage, prioritizing enhancements of spectral efficiency rather than repetitions.

2.4	Mobility Enhancements
Mobility is one of the fundamental functionalities of mobile networks. In the light of a tight integration of terrestrial and non-terrestrial networks, this includes mobility between TN and NTN. One of the prime usage scenarios of NTN is to provide coverage in remote areas without terrestrial network coverage, and many use cases (e.g. automotive) require seamless mobility when moving out of terrestrial coverage. Rel-18 has specified enhancements for the direction NTN-to-TN (e.g. broadcasting TN coverage information in NTN [4]). Rel-19 should ensure that also seamless mobility in the opposite direction (TN-to-NTN) is supported. As a minimum, it should be possible for a TN cell to provide satellite ephemeris of neighbouring NTN cells to its UEs, to prepare them for mobility towards a neighbouring NTN cell.
[bookmark: _Toc136296126]Ensure that seamless mobility from TN to NTN is fully supported. Make sure that a TN cell can provide satellite ephemeris of neighbouring NTN cells to its UEs, to prepare them for mobility towards a neighbouring NTN cell.

2.5	Polarization capability signalling
In Rel-17, support for NW polarization signalling was added. However, there is no way for a UE to report its polarization capabilities to the network. Choosing a certain polarization as a way to avoid interference is for example commonly used with UAVs. A UE should be able to share the polarization of its antenna with the NTN, so that the NTN cell can use the same polarization in its transmissions, or at least do not make use of an orthogonal polarization.
[bookmark: _Toc136296127]Add the missing support for UE reporting of its polarization capabilities.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The Rel-16 SI on NTN has investigated various NTN architectures; there is no need to repeat these studies.
Observation 2	Rel-17 specifications (TS 38.300) indicate a transparent architecture.
Observation 3	An architecture with the full gNB on board offers the best performance and is the most flexible option.
Observation 4	Regenerative architecture is already supported by the Rel-17 NTN solutions.
Observation 5	DL coverage could be a bottleneck in some situations.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Add a clarification to TS 38.300 for Rel-19, stating that a regenerative architecture is supported.
Proposal 2	To add NTN support for RedCap, the missing RRM requirements should be addressed.
Proposal 3	Improve the DL coverage, prioritizing enhancements of spectral efficiency rather than repetitions.
Proposal 4	Ensure that seamless mobility from TN to NTN is fully supported. Make sure that a TN cell can provide satellite ephemeris of neighbouring NTN cells to its UEs, to prepare them for mobility towards a neighbouring NTN cell.
Proposal 5	Add the missing support for UE reporting of its polarization capabilities.
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  Figure  16.14 .1 - 1: Overall  illustration of an NTN   NOTE   1 :   Figure  16.14 .1 - 1 illustrates an NTN; RAN4 aspects are out of scope.   The NTN payload  transparently   forwards the radio protocol received from the UE (via the service link) to the NTN  Gateway (via the feeder link) and vice - versa . The following connectivity is supported by the NTN payload:  
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  Figure 16.14.2.1 - 1: Illustration of timing relationship  


