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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
This document entails a list of candidate RAN1, 2 or 3 led topics for the Rel-19.
These topics aim either to improve the service experience of NTN or to support new use cases

Discussion
NR_NTN

Service experience improvement

Coverage enhancements
Justification

DL coverage enhancements
With limited total transmission power and based on the required SNR of physical channels supported for NR NTN up to Rel-17, a satellite can only serve a small part of the potential coverage area at a time
For MT (mobile terminated) call/messaging, a user usually leaves smart phone in his pocket, briefcase or with certain blockage. It is likely the (initial) downlink physical channel experiences additional blockage loss or penetration loss. Hence, additional link budget needs to be considered for downlink physical channels. 
Overall, the purpose of downlink coverage enhancement includes 
· accommodating non cooperative UE in areas with low SNR (i.e. in car, in pocket of pedestrian) for mobile terminated (MT) call or messaging
· supporting a wider range of deployment scenarios and satellites in terms of aperture and transmission power
At least the PDCCH and PDSCH for Msg2/Msg4 are to be enhanced for coverage by [X=6] dB. The following detailed objective is to be added for NR NTN:

UL coverage enhancements
Rel-18 left overs should be considered if needed.

Objectives

DL coverage enhancements : the following two steps approach should be considered
· Study phase: identify/analyse the issues also taking into system level coverage aspects
· Define additional reference satellite parameters compared to TR 38.821 (i.e. Transmission power per beam, new antenna type, coverage capability or number of active beams at a time, GSO/NGSO) for system-level coverage 
· Identify the target link margin improvement (possibly taking into account body loss)
· Identify/prioritise which enhancements are needed at link level/physical channels (e.g. for PDSCH Msg2/4 with repetition/slot-aggregation, for PDCCH with reduced payload/enlarged capacity/segmentation)
· Identify/prioritise which enhancements are needed at system level (e.g. enable sharing of satellite Tx power between beams ,..)
· Normative phase:
· Define link level enhancements wrt downlink physical data and control channels as appropriate 
· Define system level enhancements as appropriate
Define further UL coverage enhancements if needed (after Rel-18 progress)

Working groups
RAN1 and RAN2

NTN/TN Mobility enhancement in connected mode
Justification
Ensure quasi seamless service continuity in connected mode for automotive users that may drive on a road which is intermittently covered by a terrestrial network while fully covered by a non terrestrial network
Objectives
Define enhancements to the hand-over procedure addressing latency discrepancy between both links
Working groups
RAN1, 2

Notification/Alert channel for UE terminating calls
Justification

There are about 10% of users’ experience very poor downlink reception within NTN coverage, and the receiver SNR could be below the desired SNR by as much as 18dB. These users might miss or not receive in a timely manner downlink paging calls or paging short messages due to poor received SNR. 
Paging calls and paging short messages are User Terminated calls and may experience lower SNR due to lower user cooperation. These paging calls and paging messages, especially for public safety purpose, are important to all users. It is very difficult to extend the downlink channels to improve the reliability of downlink paging calls and messages. Even with enhanced PDCCH and PDSCH channels, the paging calls or paging messages may still not be delivered in a timely manner because the SSB can’t be detected at UE. It is therefore crucial to introduce a dedicated paging alert channel to enable delivery of emergency paging and allow transitioning from insufficient link budget scenario to sufficient link budget scenario.
The intent is to alert the UE to move to a better signal reception location for communication.

Objectives
Define a dedicated channel for alert optimized to allow for reception of alert messages in very low SNR conditions (e.g. vehicles/boats/blockage). Target would be to operate with SNR [X dB] lower than legacy paging channel
•	Characterise the use case of UE in poor SNR conditions but able to move to a better signal reception location for communication with end-user cooperation
•	Define notification/alert could also be considered enhancing an existing DL channel or with a new DL channel 
Note that the notification/alert message does not impact SSB and therefore enhancement to SSB is not needed

Working groups
RAN1, 2

Support of RedCAP - Reduced Capabilities
Justification
Support wideband, broadband communication services to low-complexity NTN handheld devices and IoT devices in FR1 bands.
Typically, NTN Satellite Nodes will at most support circular polarized transmission (Left Hand Circular (LHCP) and Right-Hand Circular (RHCP)) so high order MIMO schemes cannot be supported. Typical RF bandwidths available to an operator in NTN FR1 bands are lower than for FR1 TN bands.
For handheld UE devices typically operating in FR1 L-band and/or S-band the limitation in the network capability and available RF bandwidth justifies considering reducing the UE capabilities (compared with 5G NR).
For IoT type devices, 5G NR RedCap can offer enhanced IoT type capabilities compared with existing IoT devices based on NB-IoT and LTE-M/ eMTC.

Objectives
Analyse the impact of NTN feature (HARQ enhancements), RTT on half duplex operation.
Define the RF performance for such UE operating in satellite service allocated bands in FR1 
Updated the RRM requirements as required.

Working groups
RAN1, 4




Capabilities to support new use cases
Support of Regenerative payloads
Justification
Added value services for the user enabled by the support of regenerative payload are
· Support of delay sensitive and/or delay tolerant services in areas without NTN gateways (not deployed or temporary not operational)
· Enable reduced user and/or control plane latency 
· Support communications (unicast, multicast and broadcast) between 2 or more UEs via satellite without going through the ground network (loop back)
· Support of edge computing on board

Benefits for the network operation enabled by the support of regenerative payload are:
· Flexibility in the deployment of the ground segment/NTN gateways wrt to the deployment of the space segment and/or to cope with feeder link service availability issues
· Improving efficiency (incl. signalling overhead) of radio interface radio resources on the feeder links
· Flexibility in the routing of the traffic generated by a group of user equipment to a specific feed link to meet specific national regulations/sovereignty requirements
· Support of multiple core networks per country operated by different operators
· Improving efficiency of radio interface radio resources on the service links thanks to beam scheduling on-board the payload
· Capability to provide simultaneously access and backhaul service

Benefits specifically associated with the support of Inter Satellite Links with regenerative payload:
· support of loop back connectivity (UE to UE communications via the space segment)
· support of connectivity to UE where no gateway are/can be deployed (e.g. maritime areas or remote areas)

Objectives

Hypothesis
Considering different type of satellite constellations, for regenerative payloads
· Both GSO and NGSO
· Inter Satellite Links are assumed, but not mandatory

Study and if applicable, define the necessary enhancements associated to the support on board satellite of the following 5G system functions:
· At least gNB on board 
This may support 
· UE to UE communications via the space segment without involving ground components
· local area networks from the space segment without involving any ground components
This can also allow reduced latency for certain applications (e.g. with UPF and MEC on board).


· At least gNB-DU on board with CU-CP on ground
Compared to the previous configuration, this one may provide same capability but requiring less resources on board. It may also be beneficial to support multi connectivity.
Examples of configurations with DU on board are illustrated here below (CU-UP on board or on the ground):

[image: ]
Figure 1 gNB-DU on board

Working groups
RAN2/3, SA2

Support of MBS - Multicast and Broadcast Services
Justification
Non-Terrestrial networks are well suited to support Multicast and Broadcast Services. Such services can provide substantial improvements, especially regarding efficient resources usage and user experience. This applies to all types of Non-Terrestrial Networks (GSO and NGSO) operating in all frequency bands. While the features enabling the provision of Broadcast/Multicast communication service have been defined in previous releases for a mobile network deployment scenario characteristic, the provision of MBS over GSO and NGSO NTN would require addressing additional points:
1. Addressing NTN moving radio nodes (NGSO) causing the need to ensure service continuity over a given area when the gNB and/or the cell coverage areas are moving
2. Location dependent MBS service: Enabling distribution of different content data to different MBS service areas
3. User group dependent MBS services: Enabling wide area MBS services addressing a specific user group over a large geographic area and different regulatory regions
4. Service subscription with SIM-card less support for broadcast service provider subscriptions, different from MNO services
5. MBS could also be provisioned over a joint TN access and NTN MBS reception simultaneously).

Objectives

Study and if applicable define the GSO and NGSO required enhancements of NR-NTN to support MBS services. In particular to address mobility issues associated to NGSO and issues related to very large coverage beams (typically of GSO satellites), which span over larger areas than the coverage of the broadcast service foreseen. 

For the Broadcast communication service for which the same service and the same specific content data are provided simultaneously to all UEs in a geographical area: 
· Study and if applicable define NTN enhancements to support NGSO mobile base stations and broadcast to a specific geographical area addressing the discrepancy with beam footprints (e.g. satellite beams may span over larger areas than the coverage of the targeted area of the broadcast service) [RAN2/3].

For Multicast communication service for which the same service and the same specific content data are provided simultaneously to a dedicated set of UEs:
1. Study and if applicable define NTN enhancements to support multicast in connected mode in NGSO, addressing mobility issues including hand-over in particular [RAN2/3]
2. Study and if applicable define NTN enhancements on the HARQ feedback/retransmission which can be applied to both PTP and PTM transmission [RAN1/2]
3. Study and if applicable define NTN enhancements to support multicast over a downlink only NTN combined with a terrestrial network cell [RAN2/3].
4. Study and if applicable define enhancements to support multicast over a downlink only NTN (Receive Only Mode) and support for a heterogeneous return path (3GPP or non-3GPP access) [SA2]
5. Study the need for architectural enhancements for 5G multicast-broadcast services via NTN [SA2, RAN3]

Working groups
RAN1/2/3
SA2

Network based positioning enhancements for NTN 
Justification
Being able to determine the UE location in a trusted manner is essential for a number of applications (e.g. regulated services: emergency communications, lawful intercept, public warning service as well as charging).
As part of the Rel-18, 3GPP is currently defining a scheme to be able to check the validity of the GNSS coordinates reported by UE.
The next step is to enable the network to determine the UE location without having to rely on the GNSS system.
This is a new feature that would especially apply to NGSO based network with multi satellite visibility (a left over of Rel-18)
Objectives
Study and if applicable define enhanced PRS/SRS

Note: This capability may be subject to User Consent

Working groups
RAN1, RAN2, RAN3


Asynchronous multi-connectivity
Justification
Support of 3D networks with the combination of multi orbit (i.e. GSO, NGSO, HAPS) and multi frequency band (i.e. FR1 & above 10 GHz bands) constellation non-terrestrial networks together with a terrestrial network.
It is assumed that the multi orbit network would be served by a single 5GC.
Targeted use cases: 
· Ensure hot redundancy with multi path across the 3D network to ensure resiliency
· Seamless service continuity between NTN and TN for UE on board high speed train
· Improve the throughput for users covered by FWA but in adverse link budget conditions (e.g. edge of coverage)

Objectives
Study and if applicable define enhancements to support multi connectivity between 2 non-terrestrial network links (NTN-NTN): NGSO & NGSO or GSO & NGSO addressing mobility and latency discrepancy issues 
Study and if applicable define enhancements to support multi connectivity between one non-terrestrial network link and one terrestrial network link (TN-NTN) addressing mobility and latency discrepancy issues
[image: image004]
Study and if applicable define enhancements to mitigate different delay and/or network topology between the different access links
[image: image002]

Working groups
[RAN1/2/3]

Support of discontinuous coverage

Justification
Discontinuous coverage is inherent to NGSO. In RAN in Rel-17 and Rel-18, solutions were introduced to support discontinuous coverage only for IoT NTN. Furthermore, the topic of discontinuous coverage has been addressed in SA2 in release 18. It is important in Release 19 to support discontinuous coverage for NR NTN taking into account the conclusions reflected in TS 23.501 as well as the solutions introduced for IoT NTN when appropriate.

Objectives
Re-use, when appropriate, the solutions introduced in Rel-17 and Rel-18 IoT NTN for supporting discontinuous coverage, with minimum necessary changes to adapt them to NR [RAN2]
Study and specify, if needed, mobility management enhancements, power saving enhancements and paging optimization for discontinuous coverage, taking into account the conclusions from SA2 in TS 23.501. [RAN2, RAN3]

Working groups
RAN2/3






IoT_NTN

Service experience improvement

NTN/TN mobility enhancement
Justification
In Rel-17, only mobility in IoT-NTN network was addressed. Then, in Release 18, some enhancements for the mobility between IoT-NTN and eMTC/NB-IoT were addressed at the same time as mobility mechanism between TN and NTN were improved in NR NTN Rel-18. So, further improvements are needed for IoT-NTN and TN mobility. This is as well particularly relevant to reduce the signalling overhead for NTN-TN switching in the context of discontinuous coverage.

Objectives
Specify 
· further improvements for IoT-NTN and TN mobility taking into account work in NR NTN if relevant or specific improvements for IoT NTN
· mechanisms to reduce the overhead for NTN-TN switching especially in conjunction with discontinuous coverage.

Working groups
RAN2


Enhanced HARQ disablement

Justification

According to the WID on IoT NTN enhancements [1], disablement of HARQ feedback for IoT NTN has been agreed. In Release 18 disablement of HARQ feedback is supported for either all processes, or per process. 
For a GEO satellite constellation using a transparent payload as defined in Rel-17 the anticipated RTT delay is approximately 500 ms.  
For the case wherein the HARQ feedback is disabled, the use of HARQ may require a significant number of HARQ processes which is not practical and is not supported in Release 18. 
Empirical data on Mobile Satellite Service propagation 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 when HARQ is disabled, an enhanced packet repetition method, better suited to NTN, is required.  
References
· [1]	RP-221806, Moderator (MediaTek), Revised WID on IoT NTN enhancements, June 6th – 9th, 2022
· [2]	Fernando Pérez Fontán, “Statistical Modeling of the LMS Channel” IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 50, NO. 6, NOVEMBER 2001
· [3]	R1-2208397, Mediatek, “Disabling of HARQ for IoT NTN, “ October 10th – 19th, 2022

Objectives

Consider enhancements which mitigate/remove the necessity for a significant number of HARQ processes which is not practical including the disablement of HARQ feedback. Exemplary enhancements may include the following, bit others are not precluded,
Define enhancements such as adaptive repetitions, etc.
· Specify the use cases for which the disablement of HARQ is required or desired
· As discussed, almost all GEO deployment requires HARQ to be disabled
· Use cases benefiting from adaptive repetition techniques will include vehicular and rail.
· Study the performance of the disablement of HARQ feedback for the aforementioned use cases
· Early simulation results indicate potention 5 to 10 fold decrease in block error rate in suburban, urban and foliage environments.
· Evaluate and specify an enhanced repetition scheme the use cases for,
· When HARQ is completely disabled
· When HARQ is disabled on a per process basis
· Consider an enhanced adaptive repetition scheme 
· Based on channel state feedback
· Other dependencies are not precluded
· Example shown:
· [image: ]
· Consider the impact to TDD, FDD, and H-FDD
· Consider the evaluation for GEO, other constellations are not precluded

Working groups
RAN1/2

Capabilities to support new use cases

Support of Regenerative payloads
Justification

Added value services for the user enabled by the support of regenerative payload are
· Support of delay sensitive and/or delay tolerant services in areas without NTN gateways (not deployed or temporary not operational)
· Enable reduced user and/or control plane latency 
· Support communications (unicast, multicast and broadcast) between 2 or more UEs via satellite without going through the ground network (loop back)
· Support of edge computing on board

Benefits for the network operation enabled by the support of regenerative payload are:
· Flexibility in the deployment of the ground segment/NTN gateways wrt to the deployment of the space segment and/or to cope with feeder link service availability issues
· Improving efficiency (incl. signalling overhead) of radio interface radio resources on the feeder links
· Flexibility in the routing of the traffic generated by a group of user equipment to a specific feed link to meet specific national regulations/sovereignty requirements
· Support of multiple core networks per country operated by different operators
· Improving efficiency of radio interface radio resources on the service links thanks to beam scheduling on-board the payload
· Capability to provide simultaneously access and backhaul service

Benefits specifically associated with the support of Store and Forward (S&F) operation with regenerative payload:
· S&F operation allows for delay-tolerant, non-real-time IoT NTN services to be offered in areas visited by the satellites but with no need to have NTN gateway infrastructure (e.g.mid-sea, remote areas)
· Along with support for discontinuous coverage, support for S&F operation is key to facilitate cost-effective deployment of IoT NTN services and enable an immediate operational service with (1) sparse LEO constellations and (2) reduced ground segment infrastructure.
· The support of S&F puts the 3GPP IoT NTN solution on par with other non-3GPP solutions intended for massive satellite IoT, which natively already supports S&F services

Objectives

Study and, if applicable, define the necessary enhancements associated to the support on board satellite of the following functions:
· At least full eNB onboard
Study and, if applicable, define the necessary enhancements into RAN to support store and forward (S&F) operation for delay-tolerant services. Specific aspects at least to be considered if applicable:
· Capabilities for the RAN to inform UEs that the network operates in S&F mode
· Capabilities for the RAN to handle signalling procedures under S&F operation (e.g. suspend / resume signalling procedures that cannot be normally completed because of the S&F operation) 
· Capabilities for the RAN to handle data transmission under S&F operation (e.g. enforcement of specific S&F QoS requirements such as maximum message size and acknowledgement policy) 

Working groups
RAN2, RAN3

5GC supporting IoT-NTN
Justification
Rel-17 NTN-IoT is supported by EPC only. With potential implementation of integrated NTN-NR and NTN-IoT in one network there is a need to enable 5GC support for NTN-IoT. There is indeed 5GC support for terrestrial NB-IoT/eMTC in Rel16, although not deployed mainly due to the existence/availability of legacy EPC. In the case of NTN, it will be new deployment and there is no existing EPC and therefore it is important to have 5GC support of IoT to have integrated NTN-NR and NTN-IoT services.

Objectives
To study the feature for 5GC support for terrestrial NB-IoT/eMTC to enable for 5GC supporting IoT-NTN

Working groups
SA2, RAN3


NR & IoT NTN
Support of GNSS independent operation UE for uplink time and frequency synchronization in NTN based access
Justification GNSS Independent UE Operation
5G NR NTN and IoT NTN specifications in Release 17 and Release 18 (presently in progress) assume that the UE uses its GNSS coordinates i.e., UE position - see TS 38.300 Section 16.14.2.2 and TS 36.300 Section 23.21.2.2 (together with the ephemeris of the serving satellite and additional information about the feeder link delay) to pre-compensate the time and frequency shift.
In most locations and at most times, GNSS provides a highly accurate position and time reference. However, evidence has been shown that GNSS jamming (leading to denial of service) and spoofing (leading to incorrect location reporting and potentially denial of service) may occur. Also, a terminal, or group of terminals attempting to connect over access channels or once connected to the network, could also cause denial or degradation of service for all other users in the cell if using an altered GNSS position.
Additionally, GNSS handling may cause delays to the UE operation due to positioning acquisition time (e.g., for a GNSS "cold start") and additional energy consumption.
Therefore, NTN UEs of all types including handheld terminals and mobile VSAT (*) devices do require an alternative means of achieving and maintaining successful uplink time and frequency synchronization in NTN based access.
(*) It is assumed that for a stationary device (e.g., fixed VSAT, static IoT device), the UE position can be pre-configured.
Other benefits provided by GNSS independent operation would include reduced start-up time and delays compared to GNSS-based acquisition techniques as well as improved energy efficiency.
Objectives
· Study and define a new method for uplink synchronisation not relying on GNSS (incl. Timing advance (TA) setting at initial access and subsequent TA update/maintenance) and frequency compensation (Doppler) in Idle and Connected modes.
· If required, define a new PRACH format, coping with high timing drift and frequency shift associated with NTN LEO scenarios.
· Provide enhancement(s) to closed loop timing control techniques. 
· If required, define new UE frequency correction mechanism, similar to the existing timing advance mechanism, allowing to keep the terminal frequency synchronized to the network.
· Identify/address possible coexistence issues between Rel-17/Rel-18 UEs with GNSS and new (Rel-19) UE types without GNSS assistance in the same NTN radio cell.
Working groups
RAN1, 2
Conclusion and Way forward
Proposal : Consider NR-NTN related topics as part of the Rel-19 work plan :
· Coverage enhacements
· NTN/TN Mobility enhancement in connected mode
· Notification/Alert channel for UE terminating calls
· Support of REDCAP terminals
· Support of Regenerative payloads
· Support of MBS - Multicast and Broadcast Services
· Network based positioning enhancements for NTN
· Asynchronous multi-connectivity 
· Support of discontinuous coverage

Proposal : Consider IoT-NTN related topics as part of the Rel-19 work plan :
· NTN/TN mobility enhancement
· Enhanced HARQ disablement
· Support of Regenerative payloads
· 5GC supporting IoT-NTN

Proposal : Consider NR & IoT-NTN related topic as part of the Rel-19 work plan :
· Support of GNSS independent operation for uplink time and frequency synchronization in NTN based access

References
 [1] RP-230809; WID: NR NTN (Non-Terrestrial Networks) enhancements
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