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1	Introduction
Based on the latest agreements of RAN#102 plenary meeting, a WI on NR NTN phase-3 (for Release-19) has been approved [1], with the following objectives:
	Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study




This contribution presents our initial views on the NTN downlink coverage enhancement to deliver high availability demanding ground services. 
2	The need for high-availability cellular coverage
High availability services are essential in 5G communications to ensure the reliability and uninterrupted functionality of the network, catering to the increasing demands of diverse applications and services. As 5G technology evolves, supporting a myriad of use cases ranging from enhanced mobile broadband to critical machine-type communications, maintaining high availability becomes imperative. Several key elements contribute to achieving this goal:
Redundancy and Network Resilience:
Employing redundant network elements, such as TN versus NTN base stations and core network components, ensures that if one part of the system fails, traffic can seamlessly be rerouted, minimizing downtime. Implementing network resilience strategies, like dynamic rerouting and load balancing, enhances the network's ability to adapt to changing conditions and potential failures.
Quality of Service (QoS) Policies:
Implementing QoS policies ensures that critical services receive the necessary resources and priority, guaranteeing a consistent and reliable experience for users.
Disaster Recovery Planning:
Developing comprehensive disaster recovery plans and strategies helps mitigate the impact of unforeseen events, ensuring quick restoration of services in the event of natural disasters, cyberattacks, or other emergencies.
By integrating these high availability measures into 5G networks, service providers can meet the stringent requirements of diverse applications, ranging from ultra-reliable low-latency communications (URLLC) to massive machine-type communications (mMTC), ultimately delivering a robust and dependable communication infrastructure for the future.
Observation 1: High availability services are necessity for various stringent radio applications and deployments. 
Observation 2: Guarantee and delivery of high availability quality of experience (QoE) requires high-availability (and always-ON) coverage space, which is challenged by ground/TN dynamic coverage fluctuations. 
Observation 3: Due to the semi-static (and stable) NTN coverage, NTN can efficiently offer highly available coverage spots to ensure stable operability of high-availability-demanding services regardless of TN coverage conditions.  
Proposal 1: RAN1 to study seamless TN-to-NTN radio link and session transfer procedures with or without handover.  	



3	Seamless NTN downlink link transfer for high-availability services
Dynamic link transfer between Terrestrial Networks (TN) and Non-Terrestrial Networks (NTN) is a crucial strategy for achieving high availability in modern communication systems. This approach involves intelligently and adaptively shifting the communication link between TN and NTN networks based on real-time network conditions, demand, and reliability considerations. Here's how dynamic link transfer contributes to high availability:
Seamless Network Handovers:
Dynamic link transfer ensures seamless transitions between TN and NTN networks. When the terrestrial network experiences congestion, degradation, or failure, the system can intelligently switch to the NTN network to maintain service continuity and reliability.
Load Balancing and Resource Optimization:
By dynamically transferring links between TN and NTN, the system can optimize resource usage and balance network load. During peak demand or congestion in the terrestrial network, the load can be shifted to the NTN network, ensuring high availability without compromising performance.
Network Redundancy:
Dynamic link transfer provides inherent network redundancy. In the event of a failure or disruption in one network, the communication link can be instantly transferred to the alternative network, minimizing downtime and enhancing overall system reliability.
Adaptive to Network Conditions:
Real-time monitoring of network conditions allows for adaptive link transfer decisions. Factors such as signal strength, latency, and data throughput are continuously assessed, enabling the system to make informed decisions on the most reliable and efficient network for the current conditions.
Energy Efficiency:
Dynamic link transfer can contribute to energy efficiency by allowing the system to dynamically adjust its operation based on the energy consumption profiles of TN and NTN networks. This adaptive approach helps optimize energy usage without compromising availability.
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Figure 1: Seamless TN-to-NTN link transfer.
Due to the different radio and session conditions at the NTN vehicle versus the TN RAN node (i.e., gNB), dynamic session transfer and adaptation procedures must be supported. For instance, when a TN link is being transferred, due to being impacted by poor or blocked TN coverage, to a high availability NTN link, the active session configurations and perceived QoS profiles may be changed. That is, in one example, the assigned QoS profile of a TN link is relaxed, to a less stringent QoS, when the active TN session is carried over high-availability NTN links. Therefore, RAN1 is kindly advised to study support of TN-to-NTN QoS and session transfer management procedures for ultra-high availability ground services. 
Observation 4: High-availability NTN link transfers require an on-the-go session QoS adaptation, due to the various session and radio conditions at the TN and NTN nodes.   
Proposal 2: RAN1 to kindly study and specify TN-to-NTN session management solutions. 
Proposal 3: RAN1 to update RRCReconfiguration signaling procedures to support TN-to-NTN session transfer and adaptation. 




4	Conclusions
In this contribution, the following observations and proposals are made:
Observation 1: High availability services are necessity for various stringent radio applications and deployments. 
Observation 2: Guarantee and delivery of high availability quality of experience (QoE) requires high-availability (and always-ON) coverage space, which is challenged by ground/TN dynamic coverage fluctuations. 
Observation 3: Due to the semi-static (and stable) NTN coverage, NTN can efficiently offer highly available coverage spots to ensure stable operability of high-availability-demanding services regardless of TN coverage conditions.  
Proposal 1: RAN1 to study seamless TN-to-NTN radio link and session transfer procedures with or without handover.  
Observation 4: High-availability NTN link transfers require an on-the-go session QoS adaptation, due to the various session and radio conditions at the TN and NTN nodes.   
Proposal 2: RAN1 to kindly study and specify TN-to-NTN session management solutions. 
Proposal 3: RAN1 to update RRCReconfiguration signaling procedures to support TN-to-NTN session transfer and adaptation. 
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