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1	Introduction
In this contribution, we discuss and share our views on further NTN enhancements in Release 19.
Discussions on Rel-19 NTN have been ongoing for the past few weeks, with a somewhat broad and open-ended scope. We believe that a good part of upcoming RAN discussions will need to be devoted to clarifying, focusing and proper scoping of NTN proposals. This is our contribution to such discussions.
[bookmark: _Ref178064866]2	Discussion
2.1	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: _Toc144743823]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: _Toc144743829]Improve the DL coverage, prioritizing enhancements of spectral efficiency rather than repetitions.
2.2	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: _Toc144743824]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: _Toc144743825]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 a feature would be precluded if adopting e.g. the gNB-DU processed payload option.
[bookmark: _Toc144743826]An architecture with the full gNB on board offers the best performance and is the most flexible option.
However, in our view, placing a gNB on board the satellite is already supported by the Rel-17 algorithms and enhancements. 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: _Toc144743827]Regenerative architecture is already supported by the Rel-17 NTN solutions.
[bookmark: _Toc144743830]Add a clarification to TS 38.300 for Rel-19, stating that a regenerative architecture is supported. If further gaps are identified, they should be addressed.
2.3 Enhanced GNSS operation
NTN as standardized in Rel-17/18 relies on the UE pre-compensating the time and frequency shift due to the distance to the satellite and its movement. The UE calculates the needed compensation from the ephemeris of the serving satellite and its own location, which it determines via GNSS. The NTN system thus depends crucially on the availability of GNSS signals, which can easily be jammed or spoofed. It has been proposed to increase the robustness of uplink time and frequency synchronization in NTN against unavailability of GNSS for connected mode. This would however apply only to those UEs who are already in connected mode when the GNSS disturbance begins. Even with such an enhancement, UEs in idle mode would likely not be able to access connected mode, and UEs already in connected mode might need to stay in connected mode until the end of the GNSS disturbance, or risk not to be able to access the network again for an unknown time. In our view, this objective should include UEs in both connected and idle mode. To support idle mode UEs, PRACH enhancements might be needed. Such enhancements should not be excluded at this point in time.
[bookmark: _Toc144743831]Study, and if needed specify, enhancements for the UE pre-compensation for UL time and frequency synchronization in case GNSS availability and/or accuracy is reduced for UEs in connected and idle mode.
[bookmark: _Toc144743832]PRACH enhancements should not be excluded at this stage.
2.4 MBS
Currently specified MBS functionality can be reused and supports NTN use cases. Due to the longer path lengths involved, some RAN1 parameters for MBS may need to be reviewed in light of NTN operation.
[bookmark: _Toc144743828]Currently specified MBS functionality can be reused and supports NTN use cases.
[bookmark: _Toc144743833]Review RAN1 parameters for MBS in light of NTN operation.
2.5 Notification/Alert Channel
Definition of a dedicated notification/alert channel has been proposed to address the problem of missed paging messages to UE in very low SNR conditions due to clutter loss and body loss. According to 38.821 [1], clutter loss can exceed 18 dB. Body loss has been estimated to be in the order of 10 dB. To overcome these losses, a channel operating in very low SNR is required.
At the same time, the UE is dependent on reception of SSB for synchronization. Coverage enhancement of SSB should not be considered in the scope of this work. The link margin of SSB has been estimated to [9] dB not taking clutter loss and body loss into account. [ref]. Therefore, handling clutter/body losses exceeding [9] dB will not be feasible, even if a new channel able to operate in lower SNR is defined.
In another Rel-19 objective, general DL coverage enhancements for NTN will be studied. This might include coverage enhancements for the existing channels used for paging, i.e., PDCCH and PDSCH. If the coverage of PDCCH/PDSCH used for paging is enhanced to be on par with existing SSB coverage, there is no need for a new notification/alert channel. Therefore, during the study phase, the performance of a potential new notification/alert channel should be compared to performance of existing PDCCH/PDSCH, including Rel-19 DL coverage enhancements.
[bookmark: _Toc144743834]Reuse of legacy SSB for synchronization should be assumed.
[bookmark: _Toc144743835]Coverage of a potential new notification/alert channel should not go beyond legacy SSB coverage.
[bookmark: _Toc144743836]During a study phase, coverage of a potential new notification/alert channel should be compared to coverage of paging using PDCCH/PDSCH including potential Rel-19 coverage enhancements. Normative changes should be pursued only if relevant gains are shown.
2.6	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 the main item missing are RAN4 RRM requirements. In addition, some RAN1 work might be needed to ensure support for half duplex FDD operation via NTN.
[bookmark: _Toc144743837]To add NTN support for RedCap the missing RRM requirements should be addressed. If needed, specify enhancements to ensure HD-FDD operation via NTN.
2.7	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: _Toc144743838][bookmark: _Toc144743839]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.
2.8	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: _Toc144743840]Add the missing support for UE reporting of its polarization capabilities.
2.9 IoT NTN
In our view, adding support for RedCap via NTN should have priority over further enhancements for IoT NTN. 
[bookmark: _Toc144743841]Adding support for RedCap via NTN should have priority over further enhancements for IoT NTN.
Conclusion
In the previous sections we made the following observations: 
Observation 1	DL coverage could be a bottleneck in some situations.
Observation 2	The Rel-16 SI on NTN has investigated various NTN architectures; there is no need to repeat these studies.
Observation 3	Rel-17 specifications (TS 38.300) indicate a transparent architecture.
Observation 4	An architecture with the full gNB on board offers the best performance and is the most flexible option.
Observation 5	Regenerative architecture is already supported by the Rel-17 NTN solutions.
Observation 6	Currently specified MBS functionality can be reused and supports NTN use cases.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Improve the DL coverage, prioritizing enhancements of spectral efficiency rather than repetitions.
Proposal 2	Add a clarification to TS 38.300 for Rel-19, stating that a regenerative architecture is supported. If further gaps are identified, they should be addressed.
Proposal 3	Study, and if needed specify, enhancements for the UE pre-compensation for UL time and frequency synchronization in case GNSS availability and/or accuracy is reduced for UEs in connected and idle mode.
Proposal 4	PRACH enhancements should not be excluded at this stage.
Proposal 5	Review RAN1 parameters for MBS in light of NTN operation.
Proposal 6	Reuse of legacy SSB for synchronization should be assumed.
Proposal 7	Coverage of a potential new notification/alert channel should not go beyond legacy SSB coverage.
Proposal 8	During a study phase, coverage of a potential new notification/alert channel should be compared to coverage of paging using PDCCH/PDSCH including potential Rel-19 coverage enhancements. Normative changes should be pursued only if relevant gains are shown.
Proposal 9	To add NTN support for RedCap the missing RRM requirements should be addressed. If needed, specify enhancements to ensure HD-FDD operation via NTN.
Proposal 10	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 11	Add the missing support for UE reporting of its polarization capabilities.
[bookmark: _In-sequence_SDU_delivery]Proposal 12	Adding support for RedCap via NTN should have priority over further enhancements for IoT NTN.
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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:  


