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This document entails a list of candidate RAN1, 2 or 3 led features for potential Rel-19 NTN evolution WI(s).
These features aim to improve the service experience, the network performance or to support new use cases.
These features apply to either NR-NTN evolution or IoT-NTN evolution with IoT-NTN referring to NB-IoT or eMTC.
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[bookmark: _Toc144626967]DL Coverage enhancements
Justification
Based on the required SNR (at UE level) of physical channels supported for NR NTN up to Rel-17, a satellite with limited transmission power and limited processing bandwidth may only serve part of the potential satellite coverage area at a time. In other word, the satellite payload may be unable to have all its beams actives with the « nominal » EIRP density per beam (see Section 6.1.1 in TR 38.821) at a given time due to limited power and limited feeder link bandwidth.
Hence DL coverage enhancements are needed:
· to maximise the number of beams that can be activated simultaneously through EIRP reduction compared to the « nominal » EIRP density per beam reported in TR 38.821;
· to ensure that all user terminals can be served across the satellite foot print through dynamic power sharing between beams or different beam pattern/size (i.e., wide or narrow) to ensure that all the satellite footprint can be served with efficient use of the satellite resources (e.g., power, frequency, and time) while maximising the overal throughput. 

The work should consider DL coverage enhancements at
· Link level to improve the link margin of selected physical channels in order to accomodate the EIRP reduction. This include possible techniques such as Increased repetition scheme or equivalent techniques depending on the physical channel
· System level to support an efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow)

In order to scope the work, it is important to determine:
· the target link margin improvement (Note : SSB should not be impacted). This will allow to identify the physical channels for which DL coverage enhancements at the link level will be needed;
· the percentage of active beams/total beam per satellite footprint that can be simultaneously illuminated.

For this, we consider in priority the TR 38.821 LEO set 1 @600 km scenario in FR1 (i.e., S-band). In the following, we are going to present the rationale for the identification of the aggregated EIRP in a satellite.
· From TR 38.821 LEO S-band set1 @600 km, the nominal EIRP density per beam is 34 dBW/MHz, corresponding to a nominal EIRP 41 dBW per beam with 5 MHz allocated bandwidth.
· Given this satellite altitude, the entire satellite footprint diameter is about 1500 km, assuming the target minimum elevation of 30°. In a first approximation, to cover this footprint area with regular beam size (about 50 km diameter from TR 38.821), the total number of satellite beams to be generated is approximately 1200.
· In order to generate all these beams, the hypothetical aggregate EIRP should be: 41 dBW + 10log10(1200) = 72 dBW. This RF power is very high and demanding in terms of on board complexity. In addition, this is leading to 1200 x 5 MHz = 6 GHz of required feeder link spectrum, which is another strong challenge in terms of on-board processing bandwidth.
· Reasonably, [E = 56] dBW of satellite aggregated power should be considered, leading to a maximum number of [N=30] beams to be assumed with the nominal EIRP density.
· E dBW = 41 dBW + 10log10(N=30) = 56 dBW
· This leads to [X = 16] dB gap between the hypothetical and the reasonable aggregated EIRP

This [X=16] dB loss can be compensated by
· partly X1 dB with a link margin improvement at link level to generate simultaneous more beams and hence increase the instantaneous satellite coverage.
· Given that SSB channel (that should not be impacted) features approx. 9 dB link margin , it is acceptable to reduce this link margin to the minimum (i.e. 3 dB for system loss) hence requiring [X1=6] dB improvement of the link margin of other physical channels. 
· With 6 dB link margin improvement, 120 beams could be generated simultaneously. With 120 corresponding to [N=30] x 10^([X1=6]/10)
· Partly X2 dB by enhanced dynamic and flexible power sharing between beams with an active/total beam ratio (e.g. ratio = [1/10]).

Deployment perspectives: all satellites for 5G satellite networks (operating in FR1 as well in FR2, and covering both GEO and NGSO constellations) to be deployed in the next 10 years are expected to be designed under the assumptions of optimised power, and hence there is a strong need to implement DL coverage enhancement techniques to optimise CAPEX and OPEX for a given targeted coverage


Objectives
Note 1: DL coverage enhancement for SSB channel are not in scope
Note 2 : In the study phase, the antenna gain of UE shall be assumed to be -5.5 dBi
Note 3 : RedCAP UE are not considered in this objective

The following two steps approach should be considered
· Study phase: identify/analyse the issues also taking into system level coverage aspects
· Consider LEO set-1@600 km reference satellite parameter in TR 38.821, with the following
· EIRP density per beam reduced by 6 dB with respect to TR38.821 assumptions
· 10% of all beams active at a given time
· Identify/prioritise which physical channels need to be enhanced
· Identify the target link margin improvement depending on the physical channel
· Identify/prioritise which enhancements are needed at link level/physical channels
· Identify/prioritise which enhancements can be foreseen at system level to save satellite power through dynamic and flexible power sharing between beams to provide an illumination plan across all the satellite foot print while matching the overal throughput needs
· e.g. enhancements of legacy 3GPP techniques such as the ones addressed in the Rel-18 « Network energy savings for NR » WID.
· Normative phase:
· Define link level enhancements wrt downlink physical data and control channels as appropriate 
· Define system level enhancements to save satellite power through dynamic and flexible power sharing between beams to provide an illumination plan across the entire satellite footprint while matching the overall throughput needs

Working groups
RAN1 and RAN2


[bookmark: _Toc144626968]Support of Regenerative payloads for NR
Justification
The main targeted use cases are
· support of real time connectivity between 2 UEs via the space segment with/without ISL
· support of real time connectivity between network and UE via the space segment with/without ISL

Here after are listed some expected benefits associated to the implementation of NG-RAN (+5GC) functions placed on board the satellite are:
· Support of delay sensitive and/or delay tolerant services in areas without NTN gateways (not deployed or temporary not operational)
· Enable reduced control plane latency (RAN level)
· 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 spectral efficiency (incl. signalling overhead) of the feeder links
· Improving spectral efficiency of the service links thanks to beam scheduling on-board the payload

Deployment perspectives: Quasi all NGSO constellation that will be deployed in the next 10 years will be designed to implement inter satellite links and hence embarking regenerative payloads since it allows to provide coverage where there are no feeder links. To optimise cost, most satellites will be designed to embark on only part of the NG-RAN functions

Note that store and forward is not foreseen in this topic.

Objectives
Considering different types of satellite constellations, for regenerative payloads
· Both GSO and NGSO
· Both with/without Inter Satellite Links are considered. ISL is a transport link and therefore not subject to specification in this work item
· The support of UPF on board is not in the scope of this work item

Specify the support of gNB on board in TS 38.300 and define, if needed, any necessary enhancements related to NG protocol to address the feeder link switchover issue

Working groups
RAN3 (+ possibly RAN2)

[bookmark: _Toc144626969]Enhanced GNSS Operation
Justification
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 with an availability of approx 95-99.9% (see Report on Time & Synchronisation User Needs and Requirements
Outcome of the European Union Agency for the Space Programme’s User Consultation Platform). 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 on a temporary basis. 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.
Therefore, there is a need to increase the robustness of uplink time and frequency synchronization in NTN based access against of GNSS temporary unavailability for NR.

Deployment perspectives: this feature is needed to increase the service availability of the user equipment in all 3GPP-based satellite networks whatever bands, orbits or terminal types that are planned to be deployed in the next 5 years.

Objectives
Assumptions: 
· consider both static UE and in-motion UE
· UE is in idle or connected mode
· simultaneous GNSS and NR-NTN operation is supported
· GNSS accuracy can be reduced down to [1 km]
· [bookmark: _GoBack]Temporary unavailability refers to up to [30 minutes] duration

Specify enhancements for the UE pre-compensation for UL time and frequency synchronisation during long connection times in case GNSS availability and/or accuracy is reduced.
Specify enhancements for the UE pre-compensation for UL time and frequency synchronisation during initial access in case GNSS availability and/or accuracy is reduced (e.g. new PRACH configurations).

Note : Enhancements on PRACH signal is not in scope of this topic

Working groups
RAN1, 2, 4

[bookmark: _Toc144626970]Support of MBS « Multicast and Broadcast Services » in NTN
Justification
Thanks to their wide coverage, Non-Terrestrial networks (NTN) are able to connect a large number of user equipment. The support of Multicast and Broadcast Services (MBS) would then provide substantial improvements, especially regarding efficient resources usage to distribute content, such as software updates or media content, by enabling broadcast and multicast techniques toward a large base of NTNs devices, and would suitably complement unicast link services supported by Rel-17 and Rel-18 3GPP NTN standards.
This MBS services for NTN are applicable to all orbital types of Non-Terrestrial Networks (Geosynchronous Orbit - GSO and Non-Geosynchronous Orbit - NGSO) operating in all frequency bands. The provision of downlink-only NTN links through Multicast and Broadcast channels to complement TN connected services would enable compelling use cases bolstering the benefits of both TN and NTN network segments. 
While the features enabling the support of Broadcast/Multicast communication services have been specified in previous 3GPP releases to address terrestrial network deployment scenarios, the provision of MBS over GSO and NGSO NTN requires to address in addition:
· A potential mismatch between the MBS targeted service area and the NTN radio cell coverage given that NTN radio cells may be larger than TN radio cells and cross borders. Furthermore, such radio cells may be moving relatively to the Earth surface (in case of NGSO).
· Mobility aspects in the case of NGSO.

Deployment perspectives: MBS is planned to be provided by a significant number of Satellite operators in the next 5 years.

Objectives
Define, enhancements (e.g. to MBS SIB signalling) to support Broadcast service in a targeted area in NGSO NTN networks (with quasi Earth fixed radio cells) addressing service continuity aspects.
Define, enhancements (e.g. to DRX timers, HARQ timers, PDCP discard timers) to support Multicast services towards a dedicated set of UEs in GSO NTN networks, addressing NTN-specific latency aspects.
Define enhancements to support Multicast services to a dedicated set of UEs in NGSO NTN networks (with quasi Earth fixed radio cell), addressing mobility issues.
Update core RRM requirements related to MBS-specific channels (MCCH, MTCH) transmission in NTN context.

Working groups
RAN 1, 2, 4

[bookmark: _Toc144626971]Dedicated Notification/Alert
Justification
For outgoing calls or messages, users can consciously choose a good spot to initiate communication. However, for incoming service via NTN only, users may experience poor reception conditions and thus miss calls and messages, which can be especially detrimental for public safety or emergency purpose paging messages. These poor reception condition scenarios can happen when UE is placed in pockets, backpacks or in vehicles, boats, etc., or in conditions where there are clutter losses. 
In TR 38.811 Table 6.6.2-3: Shadow fading and clutter loss for suburban and rural scenarios - the NLOS due to clutter loss can be over 18 dB. Table 6.6.1-1 LOS probability showed that at 30 degrees elevation, about 10% of users in rural and 50% in urban scenarios will experience NLOS.
The definition of a notification alert feature is proposed to address the problem of missed paging messages to UE in low SNR conditions (e.g. Non Line Of Sight).
The feature should be able to mitigate this additional 18 dB loss compared to the link margin required in Line of Sight conditions.
Three issues will need to be addressed in the objective:
· How to ensure synchronisation of the UE with the network under low SNR or NLOS conditions?
· How to design a dedicated notification/alert message so that it can be received by the UE in low SNR or NLOS conditions after normal paging fails?
· How this feature will impact the nominal paging/call set-up procedure at network and UE level?
This feature may also be activated for public warning purposes. 

Deployment perspectives: this feature will be implemented by Satellite network operators providing direct connectivity to smartphones in FR1.

Objectives
Assumption
· SSB channel enhancements is not considered in this scope.

Study whether a new L1 channel or enhanced L1 channel is needed or L2/L3 signalling is enough for this purpose (taking into account the outcomes of the DL coverage enhancements objective).
Specify, a notification/alert message and its delivery (without UE response). This may include enablers for the network entry/attachment of the UE under low SNR conditions.

Working groups
RAN1, RAN2

[bookmark: _Toc144626972]Uplink Capacity/Throughput Enhancement for NR NTN
Justification
In Rel-18, UL coverage enhancements have been specified as part of NR NTN Enhancements, such as repetitions and DMRS bundling. However, the use of repetitions by itself has the effect of significantly reducing the system capacity and the individual user throughput, by reducing the resources available for data both for individual users, as well as for the whole system. The use of repetitions will also increase UE transmission time, therefore driving higher utilization of UL resources in the time domain, before they can be released to other users.
As operators are gearing up to deploy NR NTN in the real world, it is becoming clear that the system will be heavily resource limited, especially in the UL, and particularly in the initial phases, when a limited amount of spectrum is expected to be available for deployment of NR NTN services.
As a result, it is expected that only a small part of the UEs in a satellite’s coverage will be able to access the the network. The need for Uplink Capacity and UE Throughput Enhancements is mainly driven by the following factors:
· Rel-18 enhanced UL coverage performance in low SINR conditions using techniques such as repetitions. However, since the UL link budget remains highly constrained due to limitations of UE TX power and antenna gain, the system capacity and UE throughput in such conditions are significantly reduced. 
· The coverage of NTN satellites is very wide, and considering device density, it is expected that a large number of UEs will be within a satellite’s coverage. Especially for LEO, a large number of UEs in coverage must succeed in transmitting desired data during a satellite which means that rapid access to and release of satellite resources is required.
· The coverage of NTN satellites is very wide, and considering device density, it is expected that a large number of UEs will be within a satellite’s coverage. Especially for LEO, UEs in coverage must succeed in transmitting desired data during a satellite pass, thus rapid access to and release of satellite resources is required.
· The total spectrum resources available to the network will be limited especially in the early phases of NR NTN deployments.
· Some users will require higher resources than others, depending on their traffic patterns. Therefore, further granularity of resource multiplexing can significantly improve system capacity efficiency.
· Some companies have also further identified the need to be able to allocate higher per-UE resources to better support VoNR/VoIP services in coverage-limited scenarios.

Some companies have suggested that, when operating at low coding rate, the use orthogonal cover codes (OCC) to multiplex multiple UEs in the same PRB and the use of sub-PRB allocations per-UE could yield uplink capacity gains of up to 10x, whilst maintaining enhanced UL coverage.

Overall, the purpose of Uplink Capacity/Throughput Enhancement includes:
· Supporting enhanced uplink data rate for handheld UEs
· Support increased system capacity without sacrificing per-UE throughput and coverage perforamnce
· An uplink access scheme that can accommodate many UEs present in a very wide Satellite coverage with low delay and efficient resource usage
· Transmission enhancement for NTN high power UE, e.g. duty cycle enhancement subject to SAR restriction
Deployment perspectives: All FR1 satellite networks will benefit from this feature.

Objectives
· Specify link and system-level enhancements to support the increased capacity for uplink access, e.g.  [RAN1]
· Sub-PRB allocations per UE
· Orthogonal Cover Codes
· Other potential techniques to increase the capacity of initial access (e.g, NOMA for initial access technology) and sporadic access to a pool of UL resources.
· Specify transmission enhancement for NTN high power UE, e.g. duty cycle enhancement subject to SAR restriction [RAN2]
Working groups
RAN1, RAN2

[bookmark: _Toc144626973]Discontinuous coverage for NR
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. For NR NTN, it is very often assumed that a real commercial NR NTN type of service must be continuous and will not be launched without having a consequent number of satellites and therefore there is no need to support discontinuous coverage. 

However, there are multiple cases for which there could be some “holes” in the continuity of the coverage:
· Ramping up of a constellation:
· It may be beneficial to support already some services (delay tolerant for example such as messaging, email…) before to have a full constellation.
· Another way to deploy a partial constellation could be to have several satellites following each other then some holes therefore offering continuous coverage but only during a certain period of time 
· In the future, continuity of coverage may increase (more and more satellites) – some applications may require a certain level of service and performances (through SLA) and increased continuity and therefore back to similar contexts as the 2 points above
· Release/Features Management:
· For various reasons, not all the satellites in the constellation may support the same Release/the same features – it may be important to communicate to the UE this depending on the service
· At some points, Satellite operators may want to distribute the traffic (load balancing) if possible and therefore there will be a need to communicate to the UE which serving satellites to use depending of the user & the service
· Another example of discontinuous coverage could be more based on the location of the UE: some satellites may not support ISL – they will be able to provide continuous coverage and service in areas where there is a feeder link but they should not be used in areas where feeder link is not available
· Failure or problem in satellites

It is important to note as well that the topic of discontinuous coverage has been addressed in SA2 in release 18 covering both IoT NTN and NT NTN.

Deployment perspectives: Several NGSO constellations are planned to be launched in the next 3/5 years. This feature will be needed to start an early non real time service during the deployment of the constellation and mitigate the failure of satellites during the constellation life time. 

Therefore, 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, RAN3]

Working groups
RAN2, RAN3

[bookmark: _Toc144626974]Support of RedCAP - Reduced Capabilities
Justification
The support of RedCAP devices (e.g. handheld and IoT) operating in FR1 band NR-NTN networks can offer enhanced service capabilities (wideband/broadband) compared to IoT-NTN while ensuring low-complexity devices
For the suppoprt of such RedCAP devices in NTN, the following specifics have to be accomodated :
· Satellite Nodes typically supports circular polarized transmission (Left Hand Circular (LHCP) and Right-Hand Circular (RHCP)).
· High order MIMO schemes cannot be supported.
· The RF bandwidths available to an operator in NTN FR1 bands are lower than for FR1 TN bands. 

Objectives
Define the RF performance for such UE operating in satellite service allocated bands in FR1 
Update the RRM requirements as required.

Working groups 
RAN4, RAN1

[bookmark: _Toc144626975]NTN/TN Mobility enhancement in connected mode for NR
Justification
Ensure service continuity in connected mode for example for automotive/transport users that may drive on a road which is intermittently covered by a terrestrial network while fully covered by a non-terrestrial network.

Deployment perspectives: this feature is needed in the context of an integrated service offer provided by a single network operator leveraging NTN and TN access networks.

Objectives
Define enhancements to the conditional hand-over procedure in order to address the latency discrepancy between both NTN and TN access links.
Define if needed new trigger conditions (e.g. Location-based) from NTN to TN hand-over (hand-in).

Working groups
RAN1, 2



[bookmark: _Toc144626976]IoT_NTN
[bookmark: _Toc144626977]Support of S&F Satellite operation
Justification
Benefits specifically associated with the support of Store and Forward (S&F) Satellite 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

Deployment perspectives: The lack of support of S&F Satellite operation is a current limitation of Rel-17 & 18 for IoT NTN via NGSO. All NGSO IoT NTN satellite operators are expected to implement S&F operation. 

Objectives
Specify the support of eNB on board in TS 36.300 and define if needed, any necessary enhancements related to S1 protocol to address the feeder link switch over issue
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


[bookmark: _Toc144626978]Enhanced HARQ disablement over GSO
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.  
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.
This is vital to maximize the performance of deployed and deploying implementations of NB-IoT NTN especially over GEO satellites.

Deployment perspectives: All GSO IoT NTN satellite operators need this feature and will use it as soon as available. 

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 the disablement of HARQ feedback. Exemplary enhancements may include the following, but others are not precluded,
Define enhancements such as adaptive repetitions, etc.
· Consider an enhanced adaptive repetition scheme 
· Enable a means of determining the channel state (excess blockage) in real time.  Calibrate the number of repetitions necessary to overcome the excess blockage.
· Enable channel state feedback via new signaling or use of redundant HARQ bits (unused from HARQ abandonment).
· Adaptively change repetition count at the eNobe B and UE based on channel state.  Ensure that the UE is informed of the choice of repetition count by the eNB in real time, considering the dynamism of the channel state.
· Consider the impact to TDD, FDD, and H-FDD
· Consider the evaluation for GEO, other constellations are not precluded

Working groups
RAN1/RAN2

[bookmark: _Toc144626979]5GC supporting IoT-NTN
Justification
Rel-17 NTN-IoT is currently supported by EPC only. With potential implementation of integrated NTN-NR and NTN-IoT in a network operated by a single network operator there is a need to enable 5GC support for NTN-IoT. 
There is already 5GC support for terrestrial NB-IoT/eMTC in Rel-16, although not deployed mainly due to the existence/availability of legacy EPC. In the case of NTN, it will be a new deployment and there is no existing EPC; as such it is important to have 5GC support of IoT to support integrated NTN-NR and NTN-IoT services. 

Deployment perspectives: Several satellite operators are planning to launch IoT NTN directly using a 5GC in the next 3/5 years. 

Objectives
· Verify that the existing feature in TN can be adapted to NTN-IoT.
· Define enhancements enabling 5GC support to IoT-NTN.

Working groups
RAN3

[bookmark: _Toc144626980]UE location reporting for NB-IoT NTN
Justification
Mobility management in IoT NTN is currently based on the definition of Tracking Areas (TAs) and Mapped Cell IDs, which correspond to fixed geographical areas on ground. Assumption is that E-UTRAN would provide its best estimate of the UE’s location as a TAI+CGI to the MME. To support efficient mobility management (as least as efficient as supported in TN networks), the size of these TAI+CGI related areas should, ideally, be comparable to the ones used in terrestrial deployments (e.g., within 5-10 km for the mapped cell ID, similar to typical terrestrial network cell size). 
However, achieving a resolution within 5-10 km is challenging, especially with NGSO satellites that rely on large and earth-moving beams (e.g., beams of hundreds of kms in diameter) or GSO satellites. For these deployment cases, and given that NTN-capable devices are expected to support GNSS positioning, enabling UE reported location information (e.g., for example UE GNSS coordinates) would allow the MME to count with a more accurate UE location estimate that could be exploited for, e.g., improved mobility management.
Furthermore, with current flexible satellites, UE location is important also for resource management and dynamic cell mapping.  For this purpose, however, a lower resolution, down to 50-100 km (roughly equivalent to large terrestrial macro cell) could be sufficient.
To our best knowledge, in current specifications, there is no mandatory feature for UE location reporting for NB-IoT NTN devices. In more detail:
· The RRC CoarseLocationInfo mechanism introduced in Rel-17 is not supported for NB-IoT. Such mechanism was only defined for eMTC. The reason is that sending location information over RRC needs AS security to be in place and AS security is not mandatory for NB-IoT devices with support for CP CIoT EPS Optimization only. 
· In practice, for any kind of device that would only support CP CIoT EPS Optimization with Data over NAS, the same assumption will hold, thus AS security cannot be assumed to be in place.
· The LPP protocol, which actually would allow for reporting of GNSS coordinates from the UE to a location server on the network side, cannot be assumed to be supported by the device, as it is not mandatory for NB-IoT devices.
Previous discussion on the support of UE location reporting for NB-IoT NTN, including an early report of coarse UE location, was held in the context of Rel-17 (R2-2204458, R2-2204437) and some proposals assuming UE location knowledge on the CN side were considered when studying discontinuous coverage in SA2 in Rel-18 (TR 23.700-28, S2-2207184). However, due to a misjudgement on the required accuracy of the location reporting and the privacy and security implications related to its transmission early on during the access procedure, this functionality was not specified for NB-IoT.  Furthermore, the implementation of coarse UE location over NAS was discounted, but should be re-examined, in case the RRC solution is not feasible.
Lastly, whilst currently the network has the ability to request UE for Location Information after explicit or implicit user consent through coarseLocationReq-r17, this mechanism is not available for NB-IoT, and moreover is implemented in UE-dedicated signalling, which is not scalable at all in a satellite network, where all UE are expected to report their location.
During the Release-17 analysis, concerns were raised to implications related to user privacy when reporting coarse UE location to the network. However, the existence of concrete user privacy concerns when reporting of coarse UE location at a level of granularity equivalent to a terrestrial cell (5 km or larger) is highly questionable, given that such concerns do not exist in terrestrial networks (the network knows the UE is at least within the area of the serving cell or within an area in which it’s capable of measuring and possibly attaching to a number of neighbor cells, which can be even smaller than 5 km).

Deployment perspectives: The lack of support of UE location reporting for NB-IoT NTN is a significant limitation of Rel-17 & 18 for IoT NTN that was missed in Rel-17 due to wrong assumptions. All satellite operators deploying NB-IoT NTN would need this feature for mobility and resource management. 


Objectives
Specify a mechanism for UE location reporting as early as possible during the initial access procedure for NB-IoT NTN devices, including those devices with support for CP CIoT EPS Optimization only. [RAN2-led]
· At least coarse UE location on the order of 50-100 km shall be supported;
· Coarse UE location on the order of 5-10 km is desirable.
· Specify a method to broadcast the request for Coarse UE Location to a group of UE or to all UE within a cell. [RAN2-led]
· AS security should not be assumed.


Working groups
RAN2, [RAN3]

[bookmark: _Toc144626981]Network capacity enhancements
Justification
NB-IoT NTN is already being deployed live at this very moment. In these early and upcoming deployments, it is clearly emerging that IoT-NTN, in particular NB-IoT, will have to support massive capacity in terms of number and types of UE, some of which with worse characteristics than others (e.g. low cost devices, wearables, etc).
What has also clearly emerged by capacity analysis is that the current NB-IoT NTN UL system capacity is actually limited by the corresponding system DL capacity, due to the larger signalling overhead in the downlink (up to ~53%), and the tight coupling between UL and DL signalling. This impacts also predominantly UL-driven traffic, such as Mobile Originated (MO) transmissions, which are the primary target of massive IoT and initial emergency messaging use cases supported by IoT NTN.
Morevoer, every time a UE needs to transmit UL data, it requires an approximately equal number of DL control messages from the Network. This severely limits the UL capacity, which, by itself, is expected to be at least double due to more efficient resource multiplexing and lower UL signalling overhead.
Therefore, in order to unlock the additional UL capacity potential, there is a need to identify methods to de-couple the UL from the DL as much as possible. 
Some techniques, such as Preconfigured Uplink Resource (PUR) with Shared Resource and the adoption of a Random Access procedure similar to 2-step RACH, already supported in 5G NR Small Data Transmission (SDT), could be used to achieve this and thus significantly increase the UL system capacity by reducing the reliance on DL signalling. However:
· NB-IoT does not currently support 2-step RACH or similar procedures;
· Dedicated PUR schemes rely on persistent periodic resources that have to be reserved for specific UE, thus significantly reducing the network capacity available to other users.
· Current Contention Free Shared (CFS) PUR schemes currently only allow a limited number of pre-configured UL sequences (up to 2 for 12 tones, or less), thus significantly limiting the potential gains.
· In addition, for single tone transmissions, NB-IoT does not allow the possibility of multiplexing multiple UEs in the same tone at all, which significantly reduces capacity in power-limited scenarios.

In the past 3GPP had considered the specification of Contention-Based schemes for PUR with Shared resources (CBS PUR), with the specification of additional signatures, based on CDM orthogonal cover codes, additional DMRS configurations, etc, which had shown the potential for massive gains in UL capacity.

Deployment perspectives: All satellite operators deploying NB-IoT NTN would need this feature

Objectives
Specify enhancements to increase the UL system capacity, primarily for Mobile Originated (MO) data transmissions and remove dependency on DL signalling, such as:
· Optimization of DL signalling and reduction of the dependency between DL signalling and UL data transmission, in order to reduce the impact of DL signaling overhead on UL uplink capacity. [RAN2-led]
· Additional UL capacity enhancements techniques that would reduce the dependency on DL signalling, such as PUR with contention-based and contention-free shared resource (CBS PUR, CFS PUR), including with the introduction of a unique signature acting as Orthogonal Cover Codes (OCC). FFS whether CDM based, DMRS based, etc. [RAN1-led]
· UL transmission time/frequency resource pool to be configurable across one or more anchor/non-anchor carreirs. [RAN2-led]
· Combination of NPRACH and CBS PUR based NPUSCH to achieve similar functionality as 2-Step RACH or equivalent procedure for NB-IoT NTN.  This could allow to avoid the assumption that the UE must have a valid TA. [RAN2-led]

Working Groups
RAN2, RAN1


[bookmark: _Toc144626982]Conclusion and Way forward
Proposal 1: Consider the following topics as part of a NR-NTN-evolution:
· DL Coverage enhancements
· Support of Regenerative payloads for NR
· Enhanced GNSS Operation
· Support of MBS « Multicast and Broadcast Services » in NTN
· Dedicated Notification/Alert	
· Uplink Capacity/Throughput Enhancement for NR NTN
· Discontinuous coverage for NR
· Support of RedCAP - Reduced Capabilities
· NTN/TN Mobility enhancement in connected mode for NR

Proposal 2: Consider the following topics as part of a IoT-NTN-evolution:
· Support of S&F Satellite operation
· Enhanced HARQ disablement over GSO
· 5GC supporting IoT-NTN
· UE location reporting for NB-IoT NTN
· Network capacity enhancements
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