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1	Introduction
In this contribution, we discuss and share our views on further enhancements to NR NTN in Release 19 and propose scope and objectives for a Rel-19 NR NTN WI.
Discussions on Rel-19 NTN have been ongoing for the past few weeks, with a somewhat broad and open-ended scope. We believe that a good part of upcoming RAN discussions will need to be devoted to clarifying, focusing and proper scoping of NTN proposals. This is our contribution to such discussions.
2	Proposed WI scope
In our view, a Rel-19 NR NTN WI should concentrate on the following objectives.
2.1 	DL Coverage Enhancements
The Rel-18 work on coverage enhancements has been focused on UL enhancements, but it was found that even DL coverage could be a bottleneck in some situations. Therefore, it seems justified to work on DL coverage enhancements in Rel-19. Often, the method of choice to improve coverage is to introduce repetitions. However, the use of repetitions in a power/PFD limited scenario results either in an increased DL activity factor – and consequently a reduced output power per transmission – or reduced system capacity. Therefore, we suggest prioritizing enhancements of spectral efficiency and avoiding enhancements that significantly increase the DL activity factor on system level (e.g., repetitions).
Objectives
The following two-step approach should be considered:
· Study phase: 
· Identify/prioritize which physical channels need to be enhanced.
· Identify potential solutions, prioritizing enhancements of spectral efficiency over enhancements that increase the DL activity factor on system level.
· Normative phase:
· If found beneficial, define enhancements according to the findings of the study phase.
2.2 		Robust Notification/Alert Channel
A robust notification/alert channel has been proposed to address the case of the UE potentially missing paging messages when in low SNR conditions. For example, according to 38.821 [1], clutter loss can exceed 18 dB, and body loss has been estimated to be in the order of 10 dB. To overcome these losses, the paging channel may need to operate in low SNR. However, one should also consider that the UE needs to receive SSB for synchronization and acquire system information broadcast for camping in the cell. Then there are also idle/inactive mode procedures for the UE to perform, such as neighbour cell measurements, cell reselection, and registration area updates. The impact on those procedures should be studied in detail before specifying a notification/alert channel. If justified, such channel should only be specified with a target coverage not better than legacy SSB coverage. Improving SSB coverage should not be considered in the scope of this work. 
Objectives
Improving SSB coverage is out of scope of this objective. Coverage of a potential new notification/alert channel should not go beyond legacy SSB coverage. The following two-step approach should be considered:
· Study phase: 
· Identify possible solutions for the support of a UE-specific robust notification/alert message and its delivery (including paging procedure impact) over downlink physical channel(s).
· Compare the coverage of a potential new notification/alert channel as well as the coverage of coverage enhanced PDCCH/PDSCH carrying regular paging to the coverage performance of SSB.
· Normative phase:
· If found beneficial, proceed to a normative phase to define a robust notification/alert channel.
2.3 	Enhanced GNSS Operation
NTN as standardized in Rel-17/18 relies on the UE pre-compensating the time and frequency shift due to the distance to the satellite and its movement. The UE calculates the needed compensation from the ephemeris of the serving satellite and its own location, which it determines via GNSS. The NTN system thus depends crucially on the availability of GNSS signals, which can easily be jammed or spoofed. Enhancements that would allow UEs to connect (or stay connected) to an NTN even during such periods when no GNSS signal is available would significantly improve the robustness of an NTN system.
Objectives
· Study, and if needed specify, enhancements for the UE pre-compensation for UL time and frequency synchronization in case GNSS availability and/or accuracy is reduced.
· Both connected mode (long connection times) and idle mode (PRACH transmissions) are in scope of this objective.
2.4 		Regenerative Architecture
After investigating the feasibility of different architectures or split options to support NTN in the Rel-16 SI on NTN, the transparent option was selected to be standardized in Rel-17. It is clear, however, that a regenerative solution with the full gNB on board is the most flexible option and offers the best performance (e.g., significantly shorter round-trip time between UE and gNB). It would also be straightforward to implement the Xn interface between neighboring satellites using inter-satellite links. In addition, it would allow to place parts of the core network functions (e.g., UPF) on board the satellite, which is a requirement for Store & Forward operation as being studied in the agreed Rel-19 SA2 SI [3]. It was found that placing a gNB on board the satellite is already supported by the Rel-17 algorithms and enhancements. Confusion might arise from the fact that the high-level description in TS 38.300 explicitly mentions a transparent architecture.
Objectives
· Add a clarification to TS 38.300, stating that a regenerative architecture with the full gNB on board is supported.
· If further clarifications are needed, they should be addressed.
2.5 	RedCap
NR RedCap is a complementary NR interface introduced in Rel-17, to enable the usage of UEs with reduced complexity and form factor as well as new power saving features. RedCap requirements are different from those of LTE-M and NB-IoT, and RedCap should not be seen as a replacement of these technologies, which have been enhanced to support NTN in Rel-17/18 (IoT NTN). Nevertheless, we see that many IoT-like use cases could be served well by RedCap UEs. The main item missing to enable RedCap to support NTN are RAN4 RF and RRM requirements. In addition, the complexity of specifying support for half duplex FDD operation via NTN should be studied.
Objectives
· Specify RF and RRM requirements to support NTN for RedCap UEs.
· Study and specify, if needed, support for HD-FDD operation in NTN.
2.6 	High-Power UE
Increasing the maximum UE transmit power is a straightforward way to improve KPIs like coverage and maximum throughput. This would allow to address for example automotive use cases, which could be constrained by the limited data rates achievable with handheld devices. To ensure coexistence with legacy devices, it is important to update the coexistence analyses done in Rel-17.
Objectives
· Specify RF and RRM parameters and requirements for a new high-power UE for NTN in exemplary FR1 bands.
· At least consider PC2 (26 dBm).
· Update the Rel-17 coexistence analysis based on the methodology defined in TR 38.863.
2.7 	TE-emulated Channel Model
An (NGSO) satellite channel varies over time with the movement of the satellite. The UE needs to continuously adapt its pre-compensation according to the satellite movement. In Rel-17/18, however, only constant doppler and delay compensation is tested. According to RAN4 agreements, a UE will set the pre-compensated doppler frequency/delay calculated with ephemeris date in SIB19 and the TE will broadcast the same SIB19 during the test. 
UE will not be tested with as stated in 38.300. This means that the continuous frequency and delay compensation is not at all tested, and UE pre-compensation behavior may not be as expected when deployed in a real network. UEs may have difficulties to meet requirements for features like DMRS bundling, but this cannot be tested currently. This might have implications for the NW’s ability to use such features. To remedy this, Rel-19 should introduce a TE-emulated satellite channel, based on a realistic satellite trajectory, creating a similar channel as in an operating network. 
Objectives
· Introduce an emulated satellite channel with variable delay and variable doppler frequency for UE testing.
· Specify enhanced test conditions at least for the requirements on RF frequency error and DMRS bundling for NGSO.
Conclusion
Based on the discussion in the previous sections, we propose the following objectives for a Rel-19 WI on further evolution of NR NTN:
DL Coverage Enhancements
The following two-step approach should be considered:
· Study phase: 
· Identify/prioritize which physical channels need to be enhanced.
· Identify potential solutions, prioritizing enhancements of spectral efficiency over enhancements that increase the DL activity factor on system level.
· Normative phase:
· If found beneficial, define enhancements according to the findings of the study phase.
Robust Notification/Alert Channel
Improving SSB coverage is out of scope of this objective. Coverage of a potential new notification/alert channel should not go beyond legacy SSB coverage. The following two-step approach should be considered:
· Study phase: 
· Identify possible solutions for the support of a UE-specific robust notification/alert message and its delivery (including paging procedure impact) over downlink physical channel(s).
· Compare the coverage of a potential new notification/alert channel as well as the coverage of coverage enhanced PDCCH/PDSCH carrying regular paging to the coverage performance of SSB.
· Normative phase:
· If found beneficial, proceed to a normative phase to define a robust notification/alert channel.
Enhanced GNSS Operation
· Study, and if needed specify, enhancements for the UE pre-compensation for UL time and frequency synchronization in case GNSS availability and/or accuracy is reduced.
· Both connected mode (long connection times) and idle mode (PRACH transmissions) are in scope of this objective.
Regenerative Architecture
· Add a clarification to TS 38.300, stating that a regenerative architecture with the full gNB on board is supported.
· If further clarifications are needed, they should be addressed.
RedCap
· Specify RF and RRM requirements to support NTN for RedCap UEs.
· Study and specify, if needed, support for HD-FDD operation in NTN.
High-Power UE
· Specify RF and RRM parameters and requirements for a new high-power UE for NTN in exemplary FR1 bands.
· At least consider PC2 (26 dBm).
· Update the Rel-17 coexistence analysis based on the methodology defined in TR 38.863.
TE-emulated Channel Model
· Introduce an emulated satellite channel with variable delay and variable doppler frequency for UE testing.
· Specify enhanced test conditions at least for the requirements on RF frequency error and DMRS bundling for NGSO.
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Annex: Detailed Discussion
In this section, we share more detailed discussions and further considerations concerning some of the objectives proposed above, as well as some other objectives that are currently being discussed for Rel-19.
A.1	DL Coverage Enhancements
In general, coverage enhancements should be realized in terms of link budget improvement (which includes interference components) but also service continuity (i.e., continuous area coverage) improvements, and any adopted enhancements should not come at the expense of any of the two realizations. 
Coverage enhancements have been a significant part of the Rel-18 NTN WI [4]. In the study phase, preceding the normative work, it was found that the bottleneck for coverage is in the UL direction, and thus the Rel-18 work has been fully focused on UL enhancements. However, even DL coverage could be a bottleneck in some situations. Resources on the DL could be limited at system level, at spectrum level, both on feeder link and on service link, or due to the limited number of available Physical Cell IDs (PCI). Constraints could also arise from the design of the satellite contributing to the network performance: satellite altitude, satellite antenna gain and transmit power, satellite antenna pattern and isolation associated with frequency reuse scheme, satellite platform constraints (total power delivered to the payload). Other constraints could be associated to the design of the constellation, interacting with the optimization of the satellite: minimum elevation angle, number of satellites, attitude, etc. 
Constraints in designing the system shall also be taken into account, for instance protecting other services through PFD (power flux-density) limits as provided in the ITU Radio Regulations. Finally, specific propagation losses shall be taken into account whether due to atmospheric effects, to the mobile propagation channel or for instance due to the body effect of the user being placed between the UE and the satellite where such a loss could be in the order of 10 dB.
Overall, the system performances will be assessed against network resource usage efficiency such as spectrum, power, or number of PCI.
[bookmark: _Toc152606797]Enhancements of DL coverage shall optimize network resource usage efficiency, such as spectrum, power or PCI 
To improve the DL performance, it seems justified to work on DL coverage enhancements in Rel-19. Often, the method of choice to improve coverage is to introduce repetitions. At least in situations where the satellite is power-limited or operating under PFD limitations imposed by regulation, using repetitions would however be counterproductive. More simultaneous transmissions require even more power, which would simply not be available in a power-limited situation. PFD limitations are applied to minimize the interference created in other systems. In this situation, more repetitions would create even more interference and thus act contrary to the intention of the PFD limitations. In addition, further latency would be introduced on top of the feeder and service link latency. In general, the use of repetitions in a power/PFD limited scenario results either in an increased DL activity factor – and consequently a reduced output power per transmission – or reduced system capacity. Therefore, we would prefer to prioritize enhancements of spectral efficiency and avoid enhancements that significantly increase the DL activity factor on system level (e.g., repetitions). Obviously, any approach to enhancing DL coverage should be fully compliant with applicable regulations. 
[bookmark: _Toc152606798]The use of repetitions to enhance DL coverage in a power/PFD limed scenario results either in an increased DL activity factor – and consequently a reduced output power per transmission – or reduced system capacity.
Enhance the DL coverage, prioritizing enhancements of network resource efficiency, such as spectrum, power, or PCIs, excluding repetitions.

A.2	Robust Notification/Alert Channel
A robust notification/alert channel has been proposed to address the problem of the UE missing paging messages in very low SNR conditions. When the robust notification/alert message is delivered to the UE, the user is notified that they need to reduce the body and/or clutter loss, e.g., by taking the device out of a pocket or bag, or by moving to a location with LoS conditions. After the SNR conditions have been improved, the UE can access the network to respond to the notification/alert message. According to 38.821 [1], clutter loss can exceed 18 dB. Body loss has been estimated to be in the order of 10 dB. To overcome these losses, a channel operating in very low SNR would be required. At the same time, the UE is dependent on reception of SSB for synchronization. Coverage enhancement of SSB should not be considered in the scope of this work. The link margin of SSB in LEO 600 with Set-1 satellite parameters has been estimated to approximately 8 dB not taking clutter loss and body loss into account (see [3]).
A UE that operates in SNR conditions that prohibit reception of SSB will not be able to synchronize to the serving cell, read system information, perform neighbour cell measurements, cell re-selection, tracking area updates, etc. In an NGSO network, cell re-selection needs to be done frequently in idle mode. It is unclear how the UE would operate in the network if it cannot receive anything but a robust notification/alert channel from the serving cell. E.g., if the UE is unable to acquire the configuration of the robust notification/alert channel from system information when a new moving or quasi-Earth-fixed cell appears, is the configuration assumed to be the same in all cells? How does the UE synchronize to the network? How does the UE perform cell re-selection? How does the network know if the UE moves to a new tracking area? Is it possible to use DRX or should the UE continuously monitor the robust notification/alert channel?
[bookmark: _Toc152606799]It is unclear how the UE would operate in an NTN if it cannot receive SSB and system information from the serving cell, perform neighbour cell measurements, cell re-selection and tracking area updates, but only receive a robust notification/alert channel from the serving cell. The consequences need to be studied in detail before embarking on specification of such a channel.
Another clearly problematic issue is that, due to the lack of synchronization, it would not be possible to maintain synchronized DRX in the regular manner. To overcome this, either excessive channel monitoring (even continuous channel monitoring) by the UE, causing undesirably large energy consumption, or wasteful resource use when transmitting notification (e.g. repetitions during a long time) would be needed.
[bookmark: _Toc152606800]The lack of synchronization makes regular DRX infeasible, implying the need for either energy-consuming excessive channel monitoring by the UE or wasteful resource usage for notification transmission.
Due to the issues discussed above, handling clutter/body losses exceeding 8 dB will likely not be feasible, even if a new channel able to operate in lower SNR is defined.
In another Rel-19 objective, general DL coverage enhancements for NTN will potentially be studied. This might include coverage enhancements for the existing channels used for paging, i.e., PDCCH and PDSCH. If the coverage of PDCCH/PDSCH used for paging is enhanced to be on par with existing SSB coverage, there is no need for a new notification/alert channel. Therefore, the work item objective should include a study phase, during which the coverage performance of a potential new notification/alert channel as well as coverage enhancements of existing PDCCH/PDSCH are compared to the coverage performance of SSB.
Reuse of legacy SSB for synchronization should be assumed.
Coverage of a potential new notification/alert channel should not go beyond legacy SSB coverage.
The work on robust notification/alert should start with a study phase. During the study phase, the coverage of a potential new notification/alert channel as well as the coverage of coverage enhanced PDCCH/PDSCH carrying regular paging should be compared with the coverage performance of SSB. A new notification/alert channel should be specified only if relevant gains are shown relative to coverage enhanced PDCCH/PDSCH carrying regular paging.
Due to the actions required by the user in response to the notification/alert message, it is essential that the number of false alarms is minimized. In particular, the notification/alert message should uniquely identify the UE that is being paged.
The notification/alert message should uniquely identify the targeted UE, to avoid that users who are not targeted unnecessarily take actions to reduce clutter/body loss.
A.3	Uplink Capacity Enhancements
The Rel-19 NR NTN evolution is considering with its scope “Uplink Capacity/Throughput Enhancement for NR NTN”. In relation with it, “Sub-PRB allocations per UE” and “Orthogonal Cover Codes (OCC)” were considered as candidate techniques to increase the uplink capacity, with OCC being the only one that remained part of the latest Rel-19 workshop discussions. Below we provide our view on these candidate techniques.
A.3.1	View on “Orthogonal Cover Codes (OCC)”
The latest version of the document reflecting the Rel-19 workshop discussions contains the following draft Rel-19 objective associated with the uplink capacity enhancements:
	· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC) including initial access [RAN1], with an attempt to minimise impact on emissions :
· Determine the potential capacity improvement (at least 2 times and not more than 12 times compared to legacy) to be targeted taking into account realistic impairements (e.g. Doppler, time variation, phase distortion) [RAN1]
· Specify necessary signalling, if needed [RAN2]
· Update RF requirements accordingly if needed [RAN4]. 
· Note : The orthogonal cover codes are across OFDM symbols and/or within an OFDM symbol.
· Study and specified if needed, sporadic access (i.e. contention based PUSCH) to a pool of shared resources [RAN1/2]
FFS PUCCH enhancements, if needed [RAN1]



Increasing the uplink capacity of PUSCH using orthogonal cover codes might not be that straightforward in an NTN environment, because the orthogonality needs to be preserved upon being subject to Doppler shift distortions, phase distortions, and yet the orthogonality would have to be preserved across two links (i.e., service link and feeder link). Therefore, a study needs to be performed first as to evaluate the feasibility of this technique before specifying it.
The increase in uplink capacity has tentatively considered as lower and upper limits “at least 2 times and not more than 12 times compared to legacy”. On this matter, since PDCCH is required to schedule PUSCH, an increase in uplink capacity might result in a PDCCH bottleneck. Thus, either the UL capacity cannot be increased much as to avoid a DL bottleneck problem, or a solution needs to be found for DL as well. Moreover, it also needs to be considered that a significant increase in UL capacity adds complexity to the network’s scheduler. Those aspects also need to be studied.
[bookmark: _Toc152606801]Increasing the UL capacity of PUSCH using OCC might not be that straightforward in an NTN environment, because the orthogonality needs to be preserved upon being subject to Doppler shift distortions, phase distortions, and yet the orthogonality would have to be preserved across two links (i.e., service link and feeder link). Therefore, a study needs to be performed before specifying it.
[bookmark: _Toc152606802]The UL capacity has tentatively considered to be increased by “at least 2 times and not more than 12 times compared to legacy”. However, an increase in uplink capacity might result in a PDCCH bottleneck. Thus, either the UL capacity cannot be increased much as to avoid a DL bottleneck problem, or a solution needs to be found for DL as well. 
[bookmark: _Toc152606803]For the potential increase in capacity, it also needs to be considered that a significant increase in UL capacity adds complexity to the network’s scheduler, which is an aspect that also need to be considered/studied.
Increasing the uplink capacity of PUSCH using orthogonal cover codes (OCC) is not considered as part of the Rel-19 NR NTN WI.
A.3.2	View on “Sub-PRB allocations per UE”
The support of “Sub-PRB allocations per UE” for NR NTN is foreseen to result in major RAN1 specification impacts:
· Resource Unit (RU): For sub-PRB, the RU length as a function of the number of allocated subcarriers would have to be captured through introducing e.g., a new sub-clause under clause 4.4 (Physical Resources) in TS 38.211, and through a new sub-clause under clause 6.1.2 (resource allocation) in TS 38.214.
· Number of allocated subcarriers: It would have to be discussed and decided whether single-tone and/or multi-tone allocations would be supported. Moreover, the RU length depends on the number of allocated subcarriers. Thus, as in LTE-MTC, its relationship likely would have to be described through a Table e.g., within clause 4.4 of TS 38.211.
· Modulation Schemes: Depending on the decision on whether single-tone and/or multi-tone allocations would be supported, the modulation scheme to be used in each case would have to be discussed. 
The modulation schemes to be used for sub-PRB would have to be described e.g., in Clause 6.3.1.2 of TS 38.211.
· SC-FDMA baseband signal generation: PUSCH using sub-PRB allocations would need to be described since a granularity smaller than  would become available. 
Clause 5.3 of TS 38.211.
· Uplink resource allocation type: A new Uplink resource allocation for sub-PRB would need to be introduced.
Clause 6.1.2.2 of TS 38.214.
· Scrambling: The initialization of the scrambling sequence generator would be impacted by the sub-PRB transmissions over PUSCH (it needs to account for the RU). 
Clause 6.3.1.1 of TS 38.211.
· DMRS: The DMRS sequence and DMRS RE mapping would be impacted by sub-PRB transmissions over PUSCH.
Clauses 6.4.1.1 of TS 38.211.
· TBS size Determination: Transport Block size per RU allocation for sub-PRB transmissions over PUSCH.
Clause 6.1.4 of TS 38.214.
· UE transmit power of PUSCH: Bandwidth of the PUSCH resource assignment expressed as a fraction of a resource block is foreseen to impact clause 7.1.1 of TS 38.213.
· DCI design: Dynamic indication on the number of allocated subcarriers and number of allocated RUs.
Clauses 7.3.1.1 of TS 38.212.
Moreover, it is also important to mention that non-negligible RAN4 specification impacts are expected as well (e.g., the reference sensitivity for sub-PRB).
[bookmark: _Toc152606804]The support of “Sub-PRB allocations per UE” for NR-NTN is foreseen to result in major RAN1 specification impacts: TS 38.211 (e.g., Resource Units, Number of allocated subcarriers, Modulation Schemes for sub-PRB, SC-FDMA baseband signal generation for sub-PRB, Scrambling sequence generator, DMRS for sub-PRB), TS 38.214 (e.g., The Uplink resource allocation type, The TBS determination for sub-PRB, and also by the Resource Units), TS 38.213 (e.g., The UE transmit power of PUSCH), and TS 38.212 (e.g., DCI design).
[bookmark: _Toc152606805]In addition, non-negligible RAN4 specification impacts are also expected (e.g., the reference sensitivity for sub-PRB).
Introducing Sub-PRB allocations per UE for NR NTN is not considered as part of the Rel-19 NR NTN WI.
A.3.3	View on “Contention-based PUSCH” and PUCCH enhancements
As part of the potential uplink capacity enhancements, there is one sub-objective that remained under FFS touching upon “sporadic access (i.e., contention based PUSCH) to a pool of shared resources”:
	· Study and specified if needed, sporadic access (i.e. contention based PUSCH) to a pool of shared resources [RAN1/2]
FFS PUCCH enhancements, if needed [RAN1]



It is unclear whether the PUSCH resource to be shared will only encompass time-frequency resources or if it will require to involve another dimension (e.g., code-domain, spatial-domain). Moreover, if the intention is to rely on a “pool of shared resources”, normally the number of UEs that the network can support would have to be rather low to guarantee a low collision rate. Given that the elements around this proposal are unclear, it is recommended to not pursue this proposal in Rel-19.
[bookmark: _Toc152606806]It is unclear if “contention based PUSCH” will encompass time-frequency resources or if it will require to involve another dimension (e.g., code-domain, spatial-domain).
[bookmark: _Toc152606807]If “contention based PUSCH” will rely on a “pool of shared resources,” likely the number of UEs that the network can support would have to be rather low to guarantee a low collision rate.
Contention based PUSCH for NR NTN is not considered as part of the Rel-19 NR NTN WI.
The sub-objective also mentions “FFS PUCCH enhancements, if needed,” for which no description was provided. Thus, there are no sufficient elements to proceed further with it.
[bookmark: _Toc152606808]For the “FSS PUCCH enhancements”, no description was provided, thus there are no sufficient elements to proceed further with it.
PUCCH enhancements for NR NTN are not considered as part of the Rel-19 NR NTN WI.
A.4	Mobility Enhancements
Mobility is one of the fundamental functionalities of mobile cellular networks. Mobility enhancements were treated extensively in both Rel-17 and Rel-18 for different NTN deployments (quasi-Earth fixed and Eart-moving cells) and enhancements were introduced to secure service continuity in all RRC states between TN and NTN. Thus, with the latest Rel-18 enhancements in place, we currently see no need for further enhancements in Rel-19. 
De-prioritize mobility enhancements in Rel-19 NR NTN WI.
A.5		Regenerative Architecture
The Rel-16 SI on NTN investigated the feasibility of different architectures or split options to support NTN, while minimizing the need for new interfaces and protocols. In addition to the fully transparent option, two regenerative options have been studied in detail, the full gNB on board the satellite (gNB processed payload) and the DU on board (gNB-DU processed payload) [1].
[bookmark: _Toc152606809]The Rel-16 SI on NTN has investigated various NTN architectures; there is no need to repeat these studies.
The least specification impact was expected with the transparent option, therefore it was selected to be standardized in Rel-17. TS 38.300 contains a description of the NTN architecture that explicitly describes it as transparent [2]:
[image: ]
[bookmark: _Toc152606810]Rel-17 specifications (TS 38.300) indicate a transparent architecture.
It is clear, however, that a regenerative solution with the full gNB on board is the most flexible option and offers the best performance (e.g., significantly shorter round-trip time between UE and gNB). It would also be straightforward to implement the Xn interface between neighboring satellites using inter-satellite links. In addition, it would allow to place parts of the core network functions (e.g., UPF) on board the satellite, which is a requirement for Store & Forward operation as being studied in the agreed Rel-19 SA2 SI [3]. All such features would be precluded as a standardized solution if adopting e.g. the gNB-DU processed payload option.
[bookmark: _Toc152606811]An architecture with on-board gNB offers is the most appropriate option, both from flexibility and performance point of view.
However, in our view, placing a gNB on board the satellite is already supported by the Rel-17 algorithms and enhancements. Confusion might arise from the fact that the high-level description in TS 38.300 explicitly mentions a transparent architecture. As a minimum, a clarification could be added to TS 38.300 stating that regenerative architecture is also supported. If further clarifications are needed, these should be addressed.
[bookmark: _Toc152606812]Regenerative architecture with on-board gNB is already supported by the Rel-17 NTN solutions.
Add a clarification to TS 38.300 for Rel-19, stating that a regenerative architecture with on-board gNB is supported. If further clarifications are needed, they should be addressed.
A.6	Emulated satellite channel for variable delay and variable doppler frequency condition (“TE-emulated channel model”)
RAN4 has completed the RAN task on NTN testing (RP-232682) with below outcomes:
· For RF frequency error test cases and all RRM test cases, applying constant non-zero Doppler and constant non-zero delay.
· For other RF test cases and Demod test cases, applying zero Doppler and constant non-zero delay.

For frequency error test, RAN5 also agreed to disable the satellite trajectory prediction via preconfigured means (WF R5-237881). Therefore, the accumulated frequency error between the time of the UE applying pre-compensation and the time of the TE testing the pre-compensated doppler is not tested, based on constant frequency error test condition in Rel-18. This results in a gap on the performance expectation between what is tested in frequency error in Rel-18 and what is expected at network side according to what is specified in RAN1 specifications. To remove this gap, we propose to introduce an emulated channel model for variable doppler and testing the frequency error requirement for NTN UE with black box mode.
Additionally, for the DMRS bundling requirement for NGSO, as the constant delay is mandated in RAN plenary, RAN4 agreed to test the DMRS bundling for NGSO in the same way as for GSO, which is under a constant delay. RAN4 agreed to introduce variable delay for testing in a future release in WF (R4-2321974):
· RAN4 recommend to specify side condition for NGSO under the varying Doppler and time delay in the future release

Testing the DMRS bundling requirement for NGSO with constant delay may result in the risk that the UE may not fulfill the phase coherence requirement in a network with variable delay variation in NGSO constellation. To eliminate this risk, we propose to introduce the emulated channel model for variable delay and testing the DMRS bundling requirement for NTN UE with such test condition.
Introduce an emulated satellite channel with variable delay and variable doppler frequency for UE testing.
Specify enhanced test conditions for RF frequency error requirement and DMRS bundling for NGSO.
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  Figure  16.14 .1 - 1: Overall  illustration of an NTN   NOTE   1 :   Figure  16.14 .1 - 1 illustrates an NTN; RAN4 aspects are out of scope.   The NTN payload  transparently   forwards the radio protocol received from the UE (via the service link) to the NTN  Gateway (via the feeder link) and vice - versa . The following connectivity is supported by the NTN payload:  


