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Introduction
In this contribution, we share our views on why distinguishing satellite on-board gNB in 5G systems is crucial, and propose the corresponding NGAP CR in [5]. 
Discussion
The 3GPP's focus on Non-Terrestrial Networks (NTN) dates back to Rel-15, and in order to speed up early commercial NTN deployments, initial efforts prioritized in providing non-terrestrial access via the transparent payload architecture over NR and IoT, which requires less communicational/computational burdens to the satellites.


Figure 1: Illustration of an NTN transparent payload architecture (excepted from TS 38.300 [1] Figure 16.14.1-1)
The transparent NTN payload simply acts as an RF relay (with some frequency filtering, conversions, and amplifications). From the protocol standpoints, 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 [1], while the NG interface termination of NG-RAN servicing NTN services with 5GC was assumed to be similar to that of terrestrial network on the ground). As a result, NR NTN standardizations over Rel-17/18 had been focused on
· Mitigating longer propagation delay and reduced uplink coverage over Uu interface
· Addressing large beam footprint and wide cell coverage (that may span over multiple countries)
· Addressing mobility challenges, accommodating large doppler shifts, and ensuring seamless service continuity through terrestrial networks due to time-varying cell coverages and gaps
· NTN operating frequency band expansions (for service coverage/capability extensions), etc.
In Rel-19, a new WI has been approved for NR NTN evolution phase 3 [2], where one of the objectives is to enhance NTN capabilities with the regenerative payload architecture on satellite-based gNBs:
	4. [bookmark: _Hlk153358806]Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3]
· Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.


[bookmark: _Hlk163206790]Unlike transparent payload, this architecture additionally requires a satellite support gNB functions (e.g. modulation/demodulation, encoding/decoding, switching/routing, management of NG/Xn interfaces and UE contexts, RRM, etc.). With shorter delays over Uu interface and much higher performance capability, the Rel-19 regenerative architecture aims to further expand the NTN service capabilities and coverages for more advanced use cases:   


Figure 2: Illustration of satellite on-board gNB architecture (excerpted from TR 38.821 [3] Figure 5.2.1-2)
Compared to the transparent payload architecture developed until Rel-18, the followings are observed for the Rel-19 regenerative architecture:
· As gNB is satellite on-board, NG interface is expected to experience much longer delays (over the feeder link through NTN gateway), for which was not under consideration in the past, given that the transparent payload architecture assumed that the NG interface termination with 5GC is on the ground (i.e. similar to the terrestrial network). The relevant timers in NGAP may need to be adjusted/adapted differently. 
· NG connectivity from a satellite should not be handled similarly to legacy NG connectivity from a gNB in the terrestrial network or from an NTN gNB on the ground for transparent payloads. NG connections have to traverse through space (over the feeder link or ISL), and this may pose additional challenges, including frequent/dynamic changes in connectivity with NTN gateways (depending on deployments) and increased likelihood of outages.
· It is also expected that not all NGAP functions [4] will be supported for satellite on-board gNBs due to their power/processing constraints and limited feeder link transport capability (compared to the on-the-ground transport network’s capability).
· On the other hand, with the propagation delay over Uu interface significantly reduced than before, many features developed to mitigate challenges over Uu interface for the transparent payloads until Rel-18 may no longer be deemed necessary.
Therefore, we believe that distinguishing satellite on-board gNBs in 5G systems will be crucial. Especially in mixed deployments, distinguishing them from NTN gNBs supporting transparent payloads or other terrestrial gNBs is deemed critical, so that a satellite on-board gNB can be connected with and served by the suitable 5GC function instances capable of managing longer NG interface delays, connectivity variations, and potentially limited NGAP functions due to space-related constraints. Once AMF identifies a satellite on-board gNB, it can then forward this information to other entities or functions in 5GC, enabling the provision of differentiated service handling for the UE(s) served through this satellite on-board gNB.
Proposal 1: RAN3 to support satellite on-board gNB identification in 5G system.
However, the current RAT type information provided per tracking area via NGAP [4] NG SETUP REQUEST or RAN CONFIGUATION UPDATE is not enough for 5GC to differentiate whether the gNB is on board satellite or on the ground supporting NTN services via transparent payloads. The same limitation also applies to 9.3.1.16 User Location Information [4] provided by gNB to 5GC. In legacy, information about the UE's accessed cell, selected PLMN, and the associated tracking area (limited to one) were provided to 5GC. With the introduction of NTN, this mechanism was extended to include one or more tracking areas associated with the accessed cell (via NR NTN TAI Information IE), because the coverage of a single cell from a satellite is broader and may encompass multiple tracking areas. However, even with these enhancements, it remains insufficient to distinguish whether the gNB is located on board at satellite or on the ground supporting transparent payloads. 
All of these extensions introduced in Rel-17/18 were tailored for the transparent architecture where a gNB is fixed on the ground and supports either TN services, NTN services, or both. From NGAP point of view (between 5GC and gNB), differentiation at the gNB level was deemed unnecessary. 
On the other hand, for Rel-19 regenerative architecture, gNB-level differentiation over NGAP now becomes critical as elaborated above. NGAP must facilitate such differentiation, which can be achieved through a simple indicator in the NG SETUP REQUEST message.
Proposal 2: Enhance (NGAP) NG SETUP REQUEST message to include a satellite on-board gNB indication.
The corresponding CR for Proposal 2 can be found in [5].  

Conclusion
In the present contribution we make the following observations:
Observation 1: Transparent NTN payload simply acted as an RF relay, while NG interface termination of NG-RAN servicing NTN services with 5GC was assumed to be similar to that of terrestrial network on the ground. As a result, NR NTN standardizations over Rel-17/18 had been focused on
· Mitigating longer propagation delay and reduced uplink coverage over Uu interface
· Addressing large beam footprint and wide cell coverage (that may span over multiple countries)
· Addressing mobility challenges, accommodating large doppler shifts, and ensuring seamless service continuity through terrestrial networks due to time-varying cell coverages and gaps
· NTN operating frequency band expansions (for service coverage/capability extensions), etc.
Observation 2: Regenerative architecture in Rel-19 additionally requires a satellite support gNB functions (e.g. modulation/demodulation, encoding/decoding, switching/routing, management of NG/Xn interfaces and UE contexts, RRM, etc.). With shorter delays over Uu interface and much higher performance capability, the regenerative architecture aims to further expand the NTN service capabilities and coverages for more advanced use cases.
Observation 3: Compared to the transparent payload architecture developed until Rel-18, the followings are observed for the Rel-19 regenerative architecture:
· As gNB is satellite on-board, NG interface is expected to experience much longer delays (over the feeder link through NTN gateway), for which was not under consideration in the past, given that the transparent payload architecture assumed that the NG interface termination with 5GC is on the ground (i.e. similar to the terrestrial network). The relevant timers in NGAP may need to be adjusted/adapted differently. 
· NG connectivity from a satellite should not be handled similarly to legacy NG connectivity from a gNB in the terrestrial network or from an NTN gNB on the ground for transparent payloads. NG connections have to traverse through space (over the feeder link or ISL), and this may pose additional challenges, including frequent/dynamic changes in connectivity with NTN gateways (depending on deployments) and increased likelihood of outages.
· It is also expected that not all NGAP functions [4] will be supported for satellite on-board gNBs due to their power/processing constraints and limited feeder link transport capability (compared to the on-the-ground transport network’s capability).
· On the other hand, with the propagation delay over Uu interface significantly reduced than before, many features developed to mitigate challenges over Uu interface for the transparent payloads until Rel-18 may no longer be deemed necessary.
Observation 4: Distinguishing satellite on-board gNBs in 5G systems will be crucial. Especially in mixed deployments, distinguishing them from NTN gNBs supporting transparent payloads or other terrestrial gNBs is deemed critical, so that a satellite on-board gNB can be connected with and served by the suitable 5GC function instances capable of managing longer NG interface delays, connectivity variations, and potentially limited NGAP functions due to space-related constraints.
Observation 5: The current RAT type information provided per tracking area via NGAP NG SETUP REQUEST or RAN CONFIGUATION UPDATE is not enough for 5GC to differentiate whether the gNB is on board satellite or on the ground supporting NTN services via transparent payloads. 
Observation 6: The same limitation applies to 9.3.1.16 User Location Information [4] provided by gNB to 5GC. In legacy, information about the UE's accessed cell, selected PLMN, and the associated tracking area (limited to one) were provided to 5GC. With the introduction of NTN, this mechanism was extended to include one or more tracking areas associated with the accessed cell (via NR NTN TAI Information IE), because the coverage of a single cell from a satellite is broader and may encompass multiple tracking areas. However, even with these enhancements, it remains insufficient to distinguish whether the gNB is located on board at satellite or on the ground supporting transparent payloads.
Observation 7: All of these extensions introduced in Rel-17/18 were tailored for the transparent architecture where a gNB is fixed on the ground and supports either TN services, NTN services, or both. From NGAP point of view (between 5GC and gNB), differentiation at the gNB level was deemed unnecessary.
Observation 8: On the other hand, for Rel-19 regenerative architecture, gNB-level differentiation over NGAP now becomes critical as elaborated above. NGAP must facilitate such differentiation, which can be achieved through a simple indicator in the NG SETUP REQUEST message.

Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: RAN3 to support satellite on-board gNB identification in 5G system.
Proposal 2: Enhance (NGAP) NG SETUP REQUEST message to include a satellite on-board gNB indication.

The corresponding CR for Proposal 2 can be found in [5].  
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