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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss the motivation towards NTN evolution work plan for release 19.
Discussion
[bookmark: _Toc143847083] NR NTN evolution for Rel-19
 DL Coverage enhancements 
During NR NTN R18 study phase for coverage enhancement, the link level evaluation identified UL coverage as the bottleneck. However, the evaluation assumptions did not take into account DL satellite power split among multiple DL satellite beams. The power reduction due to beam splitting is tightly related to the dedicated deployment. A satellite supporting more simultaneous active satellite beams can result in larger serving area. But on the contrary, it also leads to more reduction for the transmission power over a single beam, naturally yielding more reduced per-beam SNR. Therefore, when the power split is considered, there is a need also for DL coverage enhancement. To confirm the need, we suggest to conduct a study phase at RAN1 level, by taking into account the DL satellite power split, to investigate the practical deployment scenarios and DL coverage margin as well as the target DL channel/signal for coverage enhancement. 
Proposal 1: There is a need for conducting a study phase to identify the DL channel/signal for potential coverage enhancement, taking into account satellite DL power split among satellite beams. 
[bookmark: _Toc143847087] Dedicated Notification/Alert 
The motivation for introducing a dedicated notification to a UE is that for incoming service via NTN, e.g., paging message, users may unconsciously be placed in a poor reception condition that experience a deep fading and non-light of sight (NLOS) situation. This may result in a miss of calls/messages. To address this issue, we may consider to introduce a gNB controlled notification/Alert to a UE who experience in such circumstance. The work scope may include the design of a dedicated notification/Alert signal, which is expected to be robust even in a deep fading, e.g., 20 dB more converge robustness compared with the legacy paging message, together with the corresponding mechanisms. This work may involve RAN1 and RAN2 working groups. 
Proposal 2: Rel-19 NR NTN may consider a design of dedicated notification/alert signal and the corresponding mechanisms to address the problem where UE is unconsciously placed in bad reception condition (e.g. deep fading).
[bookmark: _Toc143847089]Discontinuous coverage for NR
In Rel-17 and Rel-18 NR NTN, we assume continuous NTN coverage for IDLE/INACTIVE and CONNECTED state mobility procedures. However, this assumption may not always be true. For example, in early commercial deployment, there could be some coverage holes due to a large number of satellites not being launched. Even a full constellation can be deployment at some late stage, there still could be cases where some satellites suffer from failure or problems. In this case, we need to deal with discontinuous coverage for NR as well to save UE’s power during coverage holes. When it comes to solutions, Rel-17/Rel-18 IoT NTN solutions can be taken as baseline.
Proposal 3: Rel-19 NR NTN should support enhancements for discontinuous coverage. IoT NTN solutions can be taken as baseline.

[bookmark: _Toc143847091] NTN/TN Mobility enhancement in connected mode for NR
In Rel-18 NR NTN, some handover enhancements are specified to cater for some specific NTN scenarios, like RACH-less HO and soft/hard satellite switch with unchanged PCI. However, the signaling overhead issue related to legacy handover command is still not well addressed and this includes the common signaling solution discussed in Rel-18. As it has not been supported in Rel-18, the signaling overhead reduction should be considered in Rel-19, such as broadcasting common configuration for (C)HO in SIB. Another direction is NTN to TN handover, for which there is no specific discussion and enhancements in Rel-18.
Proposal 4: Rel-19 NR NTN should address the signaling reduction for (C)HO, e.g. Using common configuration for NTN-NTN and NTN-TN mobility enhancements in connected mode.
 Support of higher Tx power NR-NTN capable UE 
Increasing the transmit power of UE has significant benefits on uplink coverage. In Rel-18 several work items related to HPUE have been agreed for both TDD bands and FDD bands including DC, NR CA and single band scenarios. Specifically, there are already NR FDD band n1 and n3 under PC2 operation defined in Rel-17. For Rel-18, a WID for introducing UE for FR1 for FDD single band with PC2 is on-going to accommodate operator request on the single band PC2(26dBm) and currently there are more than 13 bands are completed/ongoing. 
From Rel-17 NTN has specified the PC3(23dBm) for handheld UE. Corresponding RF requirements especially the A-MPR and REFSENS have been fully discussed. To further improve the uplink coverage, it is straight forward to introduce higher TX power for NTN UE for satellite access. Currently there is band n256, n255 well defined since Rel-17 and n254 under progress in Rel-18. These three bands can be the baseline to introduce the PC2.
Proposal 5: In Rel-19 NR NTN, introduce band n256, n255, n254 to support PC2 (+26dBm) for hand-held UE.
 IoT NTN evolution for Rel-19
[bookmark: _Toc143847093]Support of S&F Satellite operation
The S&F satellite operation has been widely discussed in Rel-19 SA1, which is intended to provide delivery of service for UEs under satellite coverage with intermittent/temporary satellite connectivity. The support of S&F satellite operation is especially suited for delay-tolerant/non-real-time IoT satellite services with NGSO satellites, where regenerative payload is required. It would allow for extending satellite service coverage in areas where satellites cannot be connected to ground stations (e.g., maritime or very remote areas with lack of ground-stations infrastructures), as well as facilitating cost-effective deployment. To support this feature, RAN shall be able to inform UE(s) that S&F satellite operation is applied. Regarding signaling and data transmission procedure, we could consider EDT as baseline, and specify necessary enhancements under S&F operation mode.
Proposal 6: RAN study and specify necessary enhancements to support S&F Satellite operation  in Rel-19 IoT NTN.
 Support of higher Tx power IoT-NTN capable UE 
There are three on-going IOT-NTN WIDs including the LTE_NBeMTC NTN, IoT-NTN L+S band and IoT-NTN extend L-band in RAN4. It can be observed that the importance of introducing IoT NTN while currently only PC3(23dBm) and PC5(20dBm) supported. Bands 254 and 253 have been introduced.
Initially it is assumed that IoT equipment uses lower power class for energy consumption consideration. However, even similar consideration applies to Redcap UE, it is currently the RAN Task to RAN4 to consider the PC2 Redcap UE. It has been concluded in RAN4 that sensor and camera are appropriate to support Redcap PC2 and wearable are not precluded. In such case, to support IoT-NTN with higher Tx power is quite reasonable. 
Proposal 7: In Rel-19 IoT NTN, introduce band 254 and 253 to support PC2 (+26dBm) for hand-held UE.
[bookmark: _Toc109213964]Conclusion
We have the following proposals:
Proposal 1: There is a need for conducting a study phase to identify the DL channel/signal for potential coverage enhancement, taking into account satellite DL power split among satellite beams. 
Proposal 2: Rel-19 NR NTN may consider a design of dedicated notification/alert signal and the corresponding mechanisms to address the problem where UE is unconsciously placed in bad reception condition (e.g. deep fading).
Proposal 3: Rel-19 NR NTN should support enhancements for discontinuous coverage. IoT NTN solutions can be taken as baseline.
Proposal 4: Rel-19 NR NTN should address the signaling reduction for (C)HO, e.g. Using common configuration for NTN-NTN and NTN-TN mobility enhancements in connected mode.
Proposal 5: In Rel-19 NR NTN, introduce band n256, n255, n254 to support PC2 (+26dBm) for hand-held UE.
Proposal 6: RAN study and specify necessary enhancements to support S&F Satellite operation in Rel-19 IoT NTN.
Proposal 7: In Rel-19 IoT NTN, introduce band 254 and 253 to support PC2 (+26dBm) for hand-held UE.
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