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Introduction
Non-terrestrial networks (NTN) facilitate deployment of wireless networks in areas where land-based antennas are impractical, for example due to geography or cost. It is envisioned that, coupled with terrestrial networks, NTN will enable truly ubiquitous coverage of 5G networks. 
3GPP work on NR NTN began in Rel-15 with an initial feasibility study, expanding into a general study item in Rel-16 and a work item in Rel-17. IoT NTN started in Rel-17 with a brief study item phase leveraging existing work from NR and focusing on identifying LTE-specific issues. It was subsequently converted to a work item later in the release.
Initial Rel-17 work items introduced basic NTN functionality to NR and LTE, focusing on the transparent satellite payload scenario and the necessary adaptations to work in a non-terrestrial environment. Key enhancements include introduction of time/frequency pre-compensation procedures, modifications to timing relationships, mobility enhancements (e.g., time/location-based CHO), miscellaneous enhancements to HARQ, DRX, LCP, Tracking Area management, and IoT-specific support for discontinuous coverage. Subsequent work in Rel-18 refined the initial NTN release by improving service continuity between terrestrial and non-terrestrial networks, enhancing UL coverage to better support commercial smartphones, support for >10GHz deployments, and finalizing the leftover aspects of Rel-17 IoT NTN.
Release 19 will increase diversity of supported device types, QoS requirements, and network architectures to facilitate deployment and integration of NTN into existing networks.
Discussion
Proposed scope for R19
Many candidate topics have been proposed for non-terrestrial networks (NTN) in previous discussion. It is suggested that a focused scope be agreed as a baseline for specification, including the following topics: DL coverage enhancements; Robust notification/alert; Regenerative payload; and Mobility enhancements.
Proposal 1:	Rel-19 NR NTN objectives include at least: 1) DL coverage enhancements; 2) Robust notification/alert; 3) Regenerative payload; and 4) Mobility enhancements.
The following section proposes a more focused scope with further elaboration on key objectives. Topics more relevant for one technology (i.e., NR-specific or IoT-specific) are highlighted. If nothing is mentioned, the enhancement can apply to both technologies.
DL coverage enhancements
TR 38.821 defined satellite parameters including EIRP power per beam, which was used in DL coverage evaluations in Rel-16/17/18. The initial conclusion was DL coverage was sufficient, however, recent discussion has revealed the parameter set doesn’t account for power limitations onboard a satellite, and for some satellites with many beams the satellite power must be shared between beams. This results in lower EIRP density per beam and worse DL coverage than originally expected.
Observation 1:	Power limitations on some satellites mean the EIRP density per beam assumed in previous releases may not be realistic for all beams simultaneously, impacting DL coverage.
A reduction in EIRP density does not necessarily correspond one-to-one to a reduction in DL coverage. Once a baseline drop in EIRP density is decided, the resultant impact on coverage performance should be evaluated. Like Rel-18 UL coverage enhancements objective, it is proposed that a short study phase (e.g., 6 months) be used for this purpose.
Proposal 2:	NTN DL coverage enhancements objective will begin with a short (e.g., 6 month) study phase to assess impact of EIRP density reduction caused by to satellite power limitation.
The study phase should evaluate the impact to different DL physical channels (e.g., PDCCH/PDSCH) and identify the scale of impact, target link margin improvement, and candidate enhancements. 
Proposal 3:	NTN DL coverage enhancements study phase will identify which physical channels require enhancement, target link margin improvement, and candidate enhancements [RAN1].
A further aspect of limited satellite power is that sharing power between beams will mean that certain beams are illuminated at different times. Impacts of this can be further mitigated by system level improvements to support beam switching/beam hopping, which can also be further studied.
Proposal 4:	NTN DL coverage enhancements study phase will at least identify system level modifications needed to support beam switching/hopping [RAN2].
Notification/Alert channel for NLOS UEs
DL coverage enhancements work described in the previous section primarily targets LOS UEs experiencing poor DL coverage due to EIRP density reduction. However, according to TR 38.811 other issues affecting NLOS UEs (approximately 10% of rural UEs) such as clutter loss results in coverage drops of 18dB. This reduction severely impacts the ability for such UEs to receive DL signalling such as paging.
Observation 2:	According to TR 38.811, clutter loss for NLOS UEs can be over 18dB, which impacts approximately 10% of rural UEs and 50% in urban scenarios.
In NTN, user actions (e.g., taking a phone outside of a briefcase or moving outdoors) can greatly improve the coverage conditions of a UE, which is known as “user cooperation”. To prompt such cooperation, a simple notification/alert can be sent to the UE through a heavily coverage enhanced channel, hopefully resulting in channel conditions being improved sufficiently through user actions to receive paging via traditional paging channels. To support the notification/alert channel, it is preferred that the existing paging channel be used as a baseline and enhanced, considering definition of a new channel may require large specification effort.
Proposal 5:	NTN notification/alert channel prioritizes enhancing the existing paging channel rather than defining a new channel [RAN1].
The notification/alert channel should be considered as a fallback when existing paging is insufficient. Impacts to the existing paging procedure should be limited and focus on when the UE should fall back to the notification channel, or when to renew monitoring the legacy paging channel once radio conditions have sufficiently improved.
Proposal 6:	NTN notification/alert channel is considered as a fallback when existing paging procedure fails. 
Previous discussion has indicated that the notification/alert message should be dedicated. However, a dedicated message may have challenges due to the size of NTN cells and number of UE’s which it will support. In case a group-based notification/alert message is supported, false alarms should be minimized.
Proposal 7:	If a group-based notification/alert message is supported, address the impact of false alarm notifications to unintended UEs.
Support for Regenerative payload
Previous releases have assumed a transparent payload, where information is relayed from a UE to a ground-based gateway via the satellite. In this case, the satellite performs frequency shifting and amplification. Alternatively, the regenerative payload places additional functionality onboard the satellite, which supports benefits such as reduced control plane latency (since the RRC layer is located onboard the satellite) and improved feeder-link spectral efficiency (since some signalling is terminated at the satellite instead of the GW). 
Observation 3:	Regenerative payload can half the control plane latency and improve feeder-link spectral efficiency compared to existing transparent architectures.
Based on the flexibility of design in previous releases like the time/frequency pre-compensation procedure, there seems to already be support for at least the full gNB onboard scenario, although this is not explicitly specified. One objective of Rel-19 would be to include descriptive text to introduce explicit support for the full gNB onboard regenerative payload.
Proposal 8:	Confirm that at least regenerative payload with full gNB onboard can be supported with existing specification. Rel-19 will address necessary descriptive modifications to specification to indicate support [RAN1, RAN2, RAN3]. FFS CU-DU split scenario.
However, there may be impacts identified at the WG level, or even some simple enhancements which can be easily implemented. The WID objective can be phrased such that if these are identified, they are within WID scope to avoid additional plenary discussion.
Proposal 9:	WID objective description on support for regenerative payload will allow flexibility to address technical issues and or minor enhancements identified at the WG level, if applicable [RAN1, RAN2, RAN3].
Mobility enhancements
Recent progress in Release 18 mobility objectives has completed work on several mobility enhancements such as RACH-less handover, conditional handover for earth moving cells, and satellite switch with re-synchronization. As a result, the mobility enhancements scope for Release 19 can be limited to minor enhancements to better integrate TN and NTN.
Proposal 10:	Support a limited-scope objective on NR NTN mobility enhancements focusing on better integration between TN and NTN.
Release 18 has specified enhanced integration for TN-NTN, specifically for cell reselection. However, considering the different deployments available under specification (e.g., LEO up to GEO), there is a broad difference in terms of coverage and latency characteristics. So far prioritization of one network type over another has not been addressed, however a UE under multi-network coverage would be able to leverage the characteristics based on the given scenario.
Observation 4:	UEs under simultaneous coverage from different network types (TN/NTN or NTN/NTN with different orbits) can leverage latency and coverage characteristics to support different use cases.
One example of this would be paging interaction between TN and NTN. NTN offers many advantages from a coverage perspective since a single cell can cover a very wide area. This would be very useful for paging, where things like tracking area update would be much less frequent. However, once reached the NTN cell may not be suitable for the QoS of the connection, so the paging message can direct the UE to access one network type over another.
Proposal 11:	Improve paging integration between NTN-TN (e.g., a UE paged on one network type can be directed to another network type) [RAN2].
Similarly, if the UE is initiating the connection (e.g., based on data arrival from the application layer), a UE covered under multiple network types can select he most suitable network type to initiate the connection even though it may be originally camped on a different network type. 
Proposal 12:	Support QoS-based network selection (e.g., between TN/NTN, or NTN/NTN with different orbits) based on access cause [RAN2]. 
General IoT NTN performance improvements (IoT-specific)
Similarly, Rel-18 NR NTN specified certain enhancements which are applicable to the IoT NTN use case. By taking the NR NTN solutions as baseline and identifying adaptations needed for LTE would minimize specification work. 
Observation 6:	Adapting some NR NTN enhancements to IoT NTN will improve system performance with minimal specification effort.
At least TN-NTN cell (re)selection enhancements could be applicable, as well as NTN-NTN cell reselection enhancements for earth moving cell which are not currently supported by Rel-18 IoT NTN UEs.
Proposal 13: 	Adapt Rel-18 NR-NTN cell-reselection enhancements to IoT NTN (both NTN-TN and NTN-NTN earth-moving cell) [RAN2].
Conclusion
In this contribution, R19 scope for non-terrestrial networks (NTN) is discussed. The following observations and proposals are provided:
Observation 1:	Power limitations on some satellites mean the EIRP density per beam assumed in previous releases may not be realistic for all beams simultaneously, impacting DL coverage.
Observation 2:	According to TR 38.811, clutter loss for NLOS UEs can be over 18dB, which impacts approximately 10% of rural UEs and 50% in urban scenarios.
Observation 3:	Regenerative payload can half the control plane latency and improve feeder-link spectral efficiency compared to existing transparent architectures.
Observation 4:	UEs under simultaneous coverage from different network types (TN/NTN or NTN/NTN with different orbits) can leverage latency and coverage characteristics to support different use cases.
Observation 5:	Extending discontinuous coverage to NR supports sparse deployments of satellite constellations, which is critical during early NTN deployments and deeply rural areas where continuous NTN coverage is not guaranteed.
Observation 6:	Adapting some NR NTN enhancements to IoT NTN will improve system performance with minimal specification effort.
Proposal 1:	Rel-19 NR NTN objectives include at least: 1) DL coverage enhancements; 2) Robust notification/alert; 3) Regenerative payload; and 4) Mobility enhancements.
Proposal 2:	NTN DL coverage enhancements objective will begin with a short (e.g., 6 month) study phase to assess impact of EIRP density reduction caused by to satellite power limitation.
Proposal 3:	NTN DL coverage enhancements study phase will identify which physical channels require enhancement, target link margin improvement, and candidate enhancements [RAN1].
Proposal 4:	NTN DL coverage enhancements study phase will at least identify system level modifications needed to support beam switching/hopping [RAN2].
Proposal 5:	NTN notification/alert channel prioritizes enhancing the existing paging channel rather than defining a new channel [RAN1].
Proposal 6:	NTN notification/alert channel is considered as a fallback when existing paging procedure fails. 
Proposal 7:	If a group-based notification/alert message is supported, address the impact of false alarm notifications to unintended UEs.
Proposal 8:	Confirm that at least regenerative payload with full gNB onboard can be supported with existing specification. Rel-19 will address necessary descriptive modifications to specification to indicate support [RAN1, RAN2, RAN3]. FFS CU-DU split scenario.
Proposal 9:	WID objective description on support for regenerative payload will allow flexibility to address technical issues and or minor enhancements identified at the WG level, if applicable [RAN1, RAN2, RAN3].
Proposal 10:	Support a limited-scope objective on NR NTN mobility enhancements focusing on better integration between TN and NTN.
Proposal 11:	Improve paging integration between NTN-TN (e.g., a UE paged on one network type can be directed to another network type) [RAN2].
Proposal 12:	Support QoS-based network selection (e.g., between TN/NTN, or NTN/NTN with different orbits) based on access cause [RAN2]. 
Proposal 13: 	Adapt Rel-18 NR-NTN cell-reselection enhancements to IoT NTN (both NTN-TN and NTN-NTN earth-moving cell) [RAN2].
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