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Introduction

In this contribution, we present several features which 3GPP Individual Members (IMs) in ATIS’s NTN Group have identified as essential to enhance the NTN service offering and overall functionality.
A number of features have already been put forward by other 3GPP IMs as part of ongoing Release 19 package/content definition discussions. Additionally, we present in this contribution features are diverse and have not been discussed to date as part of Release 19 package.

Proposed Features 

High Power UEs for NTN Applications
Justification
Due to large propagation distance and path loss, the UL (Uplink) coverage is severely hampered, and, in many cases, there isn’t sufficient power left to close the UL; consequently, the system performance cannot be guaranteed.  
This feature/technology is critical for closing the link budget between UEs and the Satellite and to provide some power headroom in case of radio signal perturbation and/or interference. 
Moreover, higher power UEs are essential for Direct-to-Device Services, as UEs or VSAT devices positioned on the ground would need to close the Link Budget to satellites in various orbits i.e., multi-orbit scenarios.
To support future services and applications, a power level of 31dBm is proposed for future UEs, with the assumption that the new High Powered UEs would have a different form factor to the conventional design. 
This item was discussed at the RAN#99 Plenaries in Rotterdam and was postponed to Release19 as RAN4 was deemed overloaded.
Objective
Analyse and study:
· The required power budget necessary between UEs and VSAT devices in n256, n255, L/S Band and Ku Bands for a variety of NTNs, including GOS, NGOS satellites and HAPS
· adjacent channel co-existence and interference with Terrestrial Service
· UEs and VSATSs RF Tx Requirements 
· Receiver sensitivities 

Alternative Satellite Networks to be used during Emergency Situations when the Primary Satellite System is offline or has Feeder Link Failure
Justification
An Emergency Fall Back Feature. Like Terrestrial Mobile Networks, user is allowed to use alternative Satellite Networks when the original service provider is offline or out of reach. 
Inter-operability between satellites constellations for coverage during Emergency Situations is envisaged. 

Objective
To study mechanism for UEs and devices to access alternative satellite systems in the event of an emergency.

Regenerative Payload for Non-Terrestrial Network Applications
Justification
The Regenerative Payload Architecture is a natural progression from the Transparent Architecture that has been defined in 3GPP Rel17 and Rel 18.
The Regenerative Payload will reduce the round-trip delay in NTNs which is essential to delay sensitive services. Moreover, it is highly essential for critical use cases like - Emergencies, disaster relief and eHealth.  

Objective
Investigate a practical Traffic Model for various use cases such as Human Type Communications (HTC) and Machine Type Communication (MTC) with random and scheduled activity patterns. 
Analyse several practical architectural scenarios for a regenerative payload for example:
· Full or Partial gNB on board 
· CU-DU Split with F1 interface on the Feeder Link
· CU-CP and CU-UP split between Space segment and Ground segment with a mix of F1 and E1 interfaces on the Feeder Link
· IAB Support
· ISL support i.e., any enhancements need to support the intra and inter-gNB mobility, especially for Xn interface over ISL or over feeder links.

· Mix of Earth-based and Space-based gNB/sNBs
Analyse number of practical routing handoffs in the satellite and the load on resources 
Analyse the load on the beams (satellite cells) with increasing traffic 
Analyse beam-steering and Radio Resource Management on the Regenerative Payload  
Analyse balancing traffic loads between beams and moving beams to ease congestion in one particular area
Analyse local switching from the gNB in the event of feeder link failure and connectivity loss with the Ground Segment 
Analyse the practicality of Store and Forward Architecture in the event of a Feeder Link Failure
Analyse the load on Control Plane, in the Uplink direction, particularly for massive MTC traffic which
Analyse different gNB and sNB scenarios using with and without Exclusion Zones and with our without 5G TN coexistence
Analyse different gNB and sNB contact scheduling scenarios using a mix of gNB and sNBs


5G/NR Physical Layer Enhancements Adaptation of 5G NR Waveform to the NTN Channel Characteristics; Reduction of Waveform’s Peak to Average Ratio 
Justification 
The current downlink 5G New Radio (NR) waveform is based on CP-OFDM (cyclic prefix orthogonal frequency-division multiplexing) modulation.  CP-OFDM modulation produces a high Peak to Average Power Ratio (PAPR) which is inefficient for power-limited satellite systems.  The waveform employed in traditional satellite systems are designed with low PAPR, allowing operation with low backoff from the saturation point of the HPAs (High Power Amplifier). Since CP-OFDM waveform has high PAPR, higher power backoff from the saturation point of the HPA is required to reduce nonlinear distortions including out-of-band emissions, modulation quality (e.g., EVM), and degradation in block error rate performance.  
For Power Amplifiers, great effort is spent to amplify the signal without any non-linearities; conventionally to achieve this amplifier are used in back off conditions, which are very inefficient in terms of power consumption. 
Although several techniques have been devised over the years to run the Power Amplifier in its most efficient condition, e.g., Cartesian Feedback and Feed-Forward etc. nevertheless this additional circuitry adds to the complexity of the power amplifier design. 
The higher power backoff for CP-OFDM results in lower output power which is not desirable for power-limited satellite systems. 
The current uplink 5G NR waveform for the user equipment is optional between one of two waveforms, namely: CP-OFDM or DFT-s-OFDM (Discrete Fourier Transform-spread-OFDM).  DFT-s-OFDM has reduced PAPR which is useful to reduce battery life for the handset.  
This issue is of particular concern to Satellite Payloads as inefficient power amplifiers consume extra power, which could be avoided. Furthermore, the corrective circuitry used to enhance the operation of the Power Amplifier adds weight and complexity to the payload. 
One way to circumvent this is to revisit the way in which the NR Waveform is produced and to devise a waveform which results in lower PAR. 

Objective
With the advent of 5G NTN, the need to address the high CP-OFDM PAPR and the nonlinear HPA issues in downlink waveform design is paramount. Alternative waveforms with lower PAPR are required for power-limited satellite system to reduce nonlinear distortions of the HPA
To reduce the Peak to Average Ratio of the NR Waveform, it is proposed to: 
· Revisit the NR Waveform and how it is generated
· Maintain high throughput of conventional NR 
· Reduce the overall PAR 
· Apply the new waveform to Satellite’s Service Link 

Narrow-Band IoT (NB-IoT) over 5G RAN and 5G Core
To date Narrow-Band IoT has exclusively been deployed over 4G/LTE RAN; although 5G Core is able to support the NB-IoT services, the RAN component is yet to support NB-IoT services. 
5G NB-IoT services would be highly beneficial for new entrants to the satellite and terrestrial market who wish to provide such services without having to invest in legacy EPC core or LTE RAN.
Ideally, IoT channels should be supported for the 5G NR Carrier, just as they are implemented in the 4G/LTE Carriers. A few practical scenarios could be  
· A single transceiver supporting a full NR channel plus at one NB-IoT in each of the guard bands 
· A dedicated PRB within the 5+ MHz carrier to allow support of NB-IoT inside the NR carrier
· 6 dedicated PRBs within the 5 MHz NR carrier to support an eMBMS 1.4 MHz carrier as a dedicated channel
NB-IoT is a critical Satellite IoT Service and should be fully supported in 5G NR in order to avoid the cost complexity, and spectral inefficiency of requiring last generation hardware to be added to the satellite payload.

Support for NR NTN services above 10 GHz: The Ku Band 
Justification
The Ku Band has been a workhorse for the Geostationary Satellite Industry for decades, and with the growing telecommunication market for mobile and Fixed Satellite Services (FSS), the demand for Ku Band has remained unabated. 
The transmission characteristics of Ku band provide the right balance between directivity, rain fade resilience, spectrum efficiency, and relatively small aperture antennas. All these features made Ku band an ideal choice around the world for providing satellite services by both geostationary and non-geostationary satellites. Satellites are able to achieve high degree of spectral efficiency by using frequency reuse and beamforming technology.  
There is a strong commercial incentive in producing chipsets and devices for Ku Band applications. The very wideband resources available in the Ku Band can potentially enable a vast number of services through NR NTN deployment. Several Verticals that could benefit from Ku Band 5G NR NTN services are as follows:
· Industrial IoT which covers
· Energy and Utilities
· Agriculture
· Construction Industry 
· Automotive and V2X Services
· Logistics and Transport
· Smart Cities 
· Communication on Mobile Platforms
· Commercial Aero (Broadband services to Aircrafts) 
· Maritime 
· Connectivity to land vehicles, broadband to ships and to trains
· Connectivity UAV 
· Emergency Services 
· Mobile Edge Computing
· Cellular backhaul 


Objective
The intention is to apply 3GPP’s robust standardisation methodology and procedures to develop Standards for NR NTN services in Ku-band. 
Furthermore, Open Standards, allow for the expansion of the market, encourage innovation, and reduce deployment and maintenance costs.


Security Features and Authentication for massive IoT Devices 
Justification 
With the proliferation of IoT Services and application, mission critical services would require addition layers of security. Moreover, with growing number of IoT devices, a cost-effective method of ensuring end-to-end security would be required. 

Objective
To develop security solutions for IoT Devices with mission critical application and services. 

Feeder Link Signalling Enhancements 
Justification
Within the current implementation of Satellite’s Feeder Link, due to the design of the Satellite Space and Ground Segment architecture, significant amount of Control Plane signalling is observed on the Feeder Link. Considering the User Plane traffic uses the same transmission capacity over the Feeder Link, this limits the amount of user Plane capacity that can be transmitted via the Feeder Link.
For a restricted Feeder Link Bandwidth, and due to regions variations of the Feeder Link bandwidth (varying usable spectrum), to use the Feeder Link capacity more efficiently, a more an efficient Signalling is required over the Feeder Link. It follows that by relieving capacity from the Signalling, more resources can be allocated to the User Plane traffic.
Objective
· Optimization, Reduction, and Enhancements of Signalling over the Feeder Link Interface
· Reduction of the signalling load on the Feeder Link interface to the Ground Segment either through Architectural change or through a more an efficient interface protocol
· Analysis of User Plane traffic that can be transmitted through the freed-up bandwidth
· Analysis of Satellite Feeder Link User and Control plane bifracation (CU-CP, CU-UP) with different gNB and sNB scenarios
· Analysis of Satellite Feeder Link traffic considering Exclusion Zones
· Analysis of Satellite Feeder Link considering TN coexistence and Supplemental Space Coverage (SCS) mandates


Support of MBS
Justification
Support for public safety such as emergency alerts for weather related events, equipment status, or missing person alerts, or other enterprise services.
Facilitate the delivery of software upgrades, and multimedia content.
May also support massive IoT NTN for example for the support of system triggering events.
Support for regulatory related information for example as a part of regional handover requirements.

Objective 
Definition of service announcement/discovery mechanisms [RAN2].
Definition of QoS services
Support for service continuity including NGSO when targeting an Earth fixed area. [RAN2]
Multicast accommodating extra delay (including HARQ deactivation). [RAN2]
Support Mobile-Originated and Network-Originated multicast and related mobility aspects in NGSO considering including the beam topology. [RAN2]

WG impacts
Leading WG: RAN2
Secondary WG: RAN1, 3
Potential Impact to SA/CT: Possibly Mobility & session management (SA2), security (SA3)

NTN-NTN Asynchronous multi-connectivity carrier aggregation 
 Justification
Increase user throughput, QoE and/or service availability by using spatial diversity between NGSO & NGSO, and GEO & NGSO. Note that NGSO includes LEO (600, 1200) and MEO.
Intra-satellite carrier aggregation is important in FR2 to provide very high throughput or increase the flexibility with frequency channel planning (smaller channels can improve link budget and can be aggregated if higher bandwidth is required).

Objective 
Support of NTN-NTN multi connectivity must be prioritised. 
It is assumed that satellite nodes may be at different orbits (e.g. LEO, MEO and GEO).
Address different delay and/or network topology between the different access types/points/satellite nodes. [RAN1, RAN2]
Handle different time and frequency compensation at different orbits. [RAN1, RAN2]
Master node versus secondary node selection.  [RAN2, RAN3]
Specify RF and RRM core requirements for the upgrade of band combination capabilities for NTN. [RAN4]
Address possible “high rate of handovers” scenarios for multi-connectivity between (as an example) MEO and a LEO carrier, due to different movement pattern (different speed), the primary carrier and/or secondary carrier may experience higher rate of handovers [RAN3]

WG impacts
Leading WG: RAN1
Secondary WG: RAN2, 3 & 4
Potential Impact to SA/CT: Possibly split bearer at core network (e.g., UPF)

  
Fast Handover and Fast Authentication 

The Fast handover of UE for NTN networking in a scenario with multiple NTN links that change frequently is of relevance in the context of networks that operate an NTN constellation and for which frequent handovers between User Equipment (UE) and gNB onboard the NTN.
The UE to gNB handovers are expected to be for large networks much more frequent and incur with a longer delay as well. 
The optimisation of the handover in terms of speed and number of control plane interactions of a UE to gNB communication in a predictable time and spatial grid should be investigated.

Dynamic Spectrum Sharing 
Dynamic Spectrum sharing enabling features can benefit the joint usage of spectrum of TN and NTN networks for an operator that operates both or even for different operators of these network segments. The study of the technical enabling elements to facilitate spectrum sharing should be envisaged. It is well noted that this technical study does not preclude any regulatory aspects, which need to be considered separately. The technical feasibility should focus on the standardisation of the following elements:
· Interference detection mechanisms, which could be used to identify an interfering common usage of specific spectrum segments
· Coordination and scheduling implications of Supplemental Space Coverage (SCS) shielding requirements
· Coordination and scheduling of gNB and sNB scenarios, especially those scenarios that reuse TN for NTN
· Compliance and scheduling implications related to exclusion zones
· Control Plane implications to regulate the spectrum sharing plans between different base stations (gNB) and user equipment (UE)
· Consideration for multicast and broadcast (MBS) in the context of spectrum sharing between different network segments
· Dynamic allocation mechanisms of reserved and shared spectrum segments

Enhanced HARQ disablement  
Justification
 For a GEO satellite constellation using a transparent payload as defined in Rel-17 the anticipated RTT delay is approximately 500 ms.  
The use of HARQ in this case requires a considerable number of HARQ processes which is not practical. 
According to the WID on IoT NTN enhancements [1] it has been agreed that disabling of HARQ feedback for IoT NTN has been agreed.
Empirical data on MSS channel characteristics, such as [2], show: the blocked pathloss may exceed 10 dB, and follow a Markov statistical process with blocked durations that may vary from a few hundred milliseconds to several seconds.  Due to the longer blockage periods noted in [2] for example the existing methods of repetition defined in 3GPP for NB-IoT TN are not adequate to address the service availability for NB-IoT NTN. 
Therefore, for HARQ disablement, an enhanced packet repetition method, better suited to NTN, is required.  
 
Objectives
Define enhancements such as adaptive repetitions, etc. 
· Specify enhancements for the disablement of HARQ feedback
· Study the performance of the disablement of HARQ feedback for NB-IoT NTN use cases defined in Rel-18
· Define an adaptive repetition scheme for disabled HARQ feedback 
· Define an enhanced channel state feedback scheme to support an adaptive repetition scheme for disable HARQ feedback
· Consider the impact to TDD, FDD, and H-FDD

Downlink enhancements 
Justification 
Satellite to User Equipment (UE) transmission typically has very limited power margin and usually requires Line of Sight (LOS) for best performance. For Mobile Originated calls, users are aware of the channel quality and can achieve LOS communication by consciously adjusting the spot of signal transmission/reception. For Mobile terminated calls, users are unaware of its channel condition and might miss important paging messages even within the LOS coverage area. 

When UE is inside a pocket or backpack, and/or inside a car, or being blocked by building and/or foliage, the additional path loss causes very low Signal to Noise Ratio (SNR) at the receiver. Per 3GPP 5G New Radio (NR) Non-Terrestrial Network (NTN) standard TS 38.304, UE in Radio Resource Connection IDLE (RRC_IDLE) or Radio Resource Connection INACTIVE (RRC_INACTIVE) periodically wakes up to check for paging signal. When UE wakes up, it first tries to detect SSB for synchronization purpose and extracting MIB. Then, it tries to detect PDCCH and PDSCH and check for paging messages. 

There are two types of paging in 5G NR:
1. Paging to trigger RRC setup, RRC request or RRC resumption. (Most of paging messages)
2. System Information Modification and ETWS/CMAS indications (Short Message) done by PDCCH DCI 1_0 with P_RNTI and a short message. 

It is important to ensure that paging messages are successfully received by the destined users. But, when the Core Network or the gNB pages such UE in IDLE or INACTIVE mode, the UE may be in a very poor channel condition and may miss the 5G NR paging message due to very low SNR, even though it is still in the beam coverage of the NTN system.
As it is very difficult to extend the downlink channels to improve the reliability of downlink paging calls and messages a new solution is sought to circumvent this problem

Objectives 
Consider in 3GPP work program, the definition of NR_NTN enhancements (e.g. a dedicated channel for alert) optimized to allow for reception of alert messages in very low SNR conditions (e.g. vehicles/boats/blockage).
The intention of this notification is to s to alert the UE to move to a better signal reception location for communication.

Antijamming and resiliency enhancements  
3GPP NTN is anticipated to be a critical connectivity and location tracking source for many applications. Antijamming, anti-spoofing, and resiliency enhancements, which have not been addressed as of R18, therefore assume increasing importance for R19. 
Potential solutions include the following:
· Increasing the integrity protection and anti-spoofing measures for unprotected system and broadcast information.
· Increasing control channel reliability.
· Introducing measures for differentiating between unintentional interference from co-channel TNs/UEs of another network and anomalous, potentially malicious interference. 
· PDCP duplication for data redundancy in multi-satellite/multi-constellation scenarios.

NTN UE orbit-verified Location using mRTT and or UL-TDoA  
Justification
3GPP RAN Plenary have prioritized the Single Satellite case for the UE Positioning 
Several positioning techniques are currently available such as:
· Multi-Cell RTT
· UE reports RX-Tx Time difference
· Same TA is applied for SRS at the UE as for other UL transmissions
· DL-TDoA
· UE reports RSTD
· UL-TDoA
· UE transmits SRS (no reporting considered in NR)
· Same TA is applied for SRS at the UE as for other UL transmissions
· UL-AoA

There are the following technical concerns w.r.t. UL-TDOA  
· TA problem: Actual time difference measurements are ambiguous at the gNB due to autonomous adjustment of TA at the UE based on GNSS
· UL link budget (accuracy of measurements)
· UE power consumption (SRS transmission)
The intention is to implement an efficient positioning technique to be deployed on Satellite constellation.
Objective
To progress the work forward it is proposed to revisit the following features and topics in 3GPP
· Single Satellite
· Transparent payload/gNB
· UE Transmission Timing w/i TS 138 133 Limits
· Methods: mRTT, UL-TDOA, DL-TDOA
· Latencies up to 180[ms]
· UE accuracy down to 50m
· Accuracies 5-10km 
· Verification Methods: A-GNSS orbit-verified OAM
· Define a set of AI Information Elements (IE) used to capture measurements for UL-TDOA
The objective is to enhance the UL-TDOA positioning by improving the following:
· TA reporting for each SRS transmission 
· Not clear if SRS is needed considering that the distance can be calculated based on TA
· Fixing TA for measurements
· Time of SRS reception at the gNB is ambiguous


[bookmark: _Hlk135164353]Satellite Resilience
Justification
This study item seeks to improve satellite resilience against ‘hackers’ who may try to interfere with Non-Terrestrial Network (NTN) operations or steal sensitive data.  Ensuring satellite resilience from hacking is essential to prevent disruptions in communication, safeguard sensitive data and maintaining space environment safety.
Objective
The study item will consider an overall systems approach to NTN resilience. Possible study item topics include: 
1. Data (e.g., telemetry, tracking and payload -sourced data) encryption requirements, 
2. NTN command encryption and authentication requirements, 
3. Satellite-terrestrial diversity, 
4. Multi time/frequency resources to transmit SSBs, PRACH, PDCCH and other and 
5. RF interference mitigation systems.   


[bookmark: _Hlk135165173]Multi Satellite – Mobile phone accessory
Justification
This study item will define a mobile phone external accessory suitable for connections to multiple existing/legacy satellite constellations.  The accessory will operate as a relay between the mobile phone and satellite network permitting optimized battery, antenna, and power amplifier for NTN communications.  Justification for the accessory is to improve NTN link budget link performance, permitting global coverage even in remote areas where cellular networks are not available.  
Objective
Areas of study include: 
1. Alternate physical configurations and architecture (sleeve, dongle, case, etc.) for different mobile phone vendors/styles,  
2. Antenna designs that support multiple spectrum satellite bands and permit wide angle coverage, 3) cable feed specification for mobile phone to external antennae,  
3. Link budget calculations to consider various factors, such as transmitter power, antenna gain, cable losses, atmospheric attenuation, and receiver sensitivity,  
4. Programmable software /processor requirements for communication protocols used by different satellite systems and 
5. Battery requirements to sustain satellite connections.   

NTN/TN Spectrum Coexistence and Sharing 
Justification
The coexistence of Non-Terrestrial Networks (NTN) with Terrestrial Networks (TN) can be a challenging issue because the use of the same frequency band by multiple networks can cause interference and affect the performance of both networks.  This study item will identify possible NTN/TN dynamic co-existence / sharing paradigms for near real time adaptive spectrum management.  The study item will build upon prior 3GPP spectrum co-existence work such as Technical Report TR 38.863, “Non-terrestrial networks related RF and co-existence aspects”, V17.0.0 (2022-06) with the goal to develop new regulatory options.  
.  
Objective
The study item will consider feasibility of different dynamic NTN/TN spectrum sharing approaches such as: 
1. [bookmark: _Hlk133706327]Development of an AI spectrum monitoring system that can classify types of interference for the application of various 3GPP developed interference management and mitigation techniques
2. Development of scheduling for gNB and sNB standards related to Supplemental Space Coverage (SCS), especially shielding requirements
3. Scheduling impacts related to coexisting TN/NTN networks accommodating exclusion zones 
4. Terrestrial spectrum monitoring systems that coordinate interference levels between TN and NTN fixed and mobile services. (See reference V. Weerackody and E. Cuevas, "Methodologies for Spectrum Sharing for a Network of Land-ESIMs with Stations in the Mobile Service," IEEE MILCOM 2021. San Diego, CA.)
5. 
NTN/TN Exclusion/Inclusion/Coordination Zones 
Justification

NTN Supplemental Coverage from Space (SCS) Coordination and Interference Detection especially for coexistence of Non-Terrestrial Networks (NTN) with Terrestrial Networks (TN) recently has become an issue especially for providers that may look to reuse TN spectrum for NTN.  Specific technical requirements (site shielding and frequency coordination) related to Earth Stations have been imposed by FCC Notice of Proposed Rulemaking (NPRM) released March 17, 2023 for SCS-- Supplemental Coverage from Space; § 25.203 site shield (SCS_ZONE).
.  
Objective
Study detailed requirements for NTN EZs, (e.g., Prevent NTN NGOS/GEO Interference w/TN, Prevent NTN/NGOS interference w/Light Pollution, Prevent NTN/GEO Interference w/NTN/NGOS—i.e., multi-orbit DL/UL/ISL Interference);
· Study to include further clarification on NTN Exclusion Zone location and its relationship to Transparent and Regenerative architectures [SA]
· Study and evaluate, NTN/TN including multi-orbit considerations to verify then standardise EZ definition and partition implementations [RAN, SA]
· Build understanding of Pollution [Light or Debris] Ezs then gain support with respective 3GPP reps—maybe [SA]; 
· Comprehend Expected/Detected Interference, Natural / Human Error / Equipment;
· Comprehend AI IE elements to measure BER/RIP and use accordingly 
· Scheduling impacts to Avoid/Mitigate via SCS_ZONE/IZ/CZ

Discussion
A number of features overlap with features proposed by other companies in the 3GPP Rel19 discussions. These overlapping features are:
· High Power UEs
· Regenerative Payloads
· Downlink Enhancements 
· Mobility Enhancements  
However a number of essential features which could enhance the overall functionality of the NR NTN services, interoperability and co-existence with 3GPP TN are overlooked. These essential features are.
· MBS
· Satellite resilience, security
· NTN/TN spectrum coexistence and sharing
· Narrowband IoT for 5G
· Feeder Link Signalling Enhancements 
· Support for Ku Band Services 
· Satellite Exclusion Zones
Conclusion
In addition to the overlapping features, we welcome discussion on the inclusion of other essential features as part of the wider Release 19 package.
These essential features will enable richer and more advanced services to be made available to the telecommunication market and to users. 
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