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1. Introduction
In Rel-17 and Rel-18 NTN only the transparent payload is assumed and studied based on the assumption that the NTN payload (i.e., satellite) only transparently forwards the received signals. Support of NTN with gNB functions on board the NTN vehicle (i.e. regenerative payloads) provides new architecture options and makes NTN deployment more flexible, which also brings some benefits on radio resource handling and coordination. The following objective has been confirmed for Rel-19 NR NTN study:
	RP-240775 Revised WID: Non-Terrestrial Networks (NTN) for NR Phase 3
The objectives of the work item are the following:
…
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.


In this contribution we discuss the stage-2 descriptions to support gNB on board, and discuss some potential issues of supporting regenerative payload in NTN.
2. [bookmark: Proposal_Beacon]Discussion
Stage-2 descriptions for regenerative payload
In Rel-17 and Rel-18 NTN, transparent payload has always been assumed to focus the study on more essential aspects. As a result, the overall description as well as the details in each subclause for NTN are for transparent payload. For example in the overview part the NTN payload is described as “transparently forwards the radio protocol received from the UE (via the service link) to the NTN Gateway (via the feeder link) and vice-versa”, while for NTN regenerative payload with gNB on board, the NTN payload is able to process the received signal including demodulation, decoding, re-encoding, re-modulation and filtering. Moreover thanks to the process capabilities of generative payload, ISL may also be available between gNBs to support Xn functions. An example is given in the following to update the overview description for regenerative payload:
The NTN payload either transparently forwards or processes 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:
-	An NTN gateway may serve multiple NTN payloads;
-	An NTN payload may be served by multiple NTN gateways.;
-	An NTN payload may be connected to another NTN payload via ISL, if both NTN payloads are regenerative payloads.
Proposal 1: RAN2 to update the overview description for NTN payload to include regenerative payload and ISL.
In the Timing and Synchronization part, the uplink time synchronization reference point (RP) was introduced as a timing reference between NTN payload and the gNB on earth for transparent payload, and the feeder link delay is divided into common TA to be compensated by UE and kmac to be compensated by gNB. For regenerative payload wherein the gNB is located at the NTN payload, the concept of RP is not needed as well as its corresponding common TA and kmac. For example, the RP can be considered as the gNB located at the NTN payload, and the common TA and kmac are treated as zero for regenerative payload.
Proposal 2: For regenerative payload the uplink time synchronization reference point (RP) is the gNB located at the NTN payload, and the common TA and kmac are configured or treated as zero.
Another description that needs to be updated is feeder link switch. For transparent payload the feeder link is the link between NTN payload and gNB on earth while for regenerative payload the feeder link is the link between NTN payload (gNB) and NTN gateway on earth. Therefore for regenerative payload a feeder link switch will cause connection change between UE and NTN gate ways as well as corresponding core network entities on earth, instead of connection change between UE and gNBs.
A feeder link switch over may result in transferring the established connection for the affected UEs between two gNBs or two core network entities.
Proposal 3: For regenerative payload the feeder link switch will cause connection change between UE and NTN gate ways as well as corresponding core network entities on earth.
Potential impacts of regenerative payload on Uu
The implementation of inter-gNB mobility and UE context transfer relies on the signaling exchange between the source and target gNBs via Xn interface, and the signaling exchange between the AMF entity and the source or target gNBs via NG interface. As the Rel-17 & Rel-18 NTN assumed transparent payloads wherein the gNBs/eNBs are on the ground, such signalling procedures in NTN are similar to these in TN. However, in Rel-19 NTN with regenerative payload, the accessibility between source and target gNBs on-board two satellites is impacted by ISL existence between satellites and feeder link switch between satellites and AMF entity on earth as in Figure 1. 

[image: ]
Figure 1. Impact on Xn and NG interfaces by regenerative payloads in NTN
If the connection between two gNBs cannot be maintained due to ISL change or feeder link switch, the corresponding mobility or RRC reestablishment procedures could be interrupted. For example, a UE handovers to or attempts RRC reestablishment to a target gNB that no longer has connection to the source gNB, and as a result the target gNB may not be able to complete the handover procedures or to retrieve UE context from the source gNB.
Observation 1: The accessibility between two gNBs on board different NTN payloads can be impacted by ISL existence between NTN payloads and feeder link switch between NTN payload and AMF entity on earth.
If the network (e.g., source gNB) can estimate such change of accessibility to another gNB e.g., based on information exchange including ephemeris data and feeder link switch time, the UE may also benefit from such information e.g., to avoid reestablishment attempt to a gNB that cannot retrieve UE context.
Proposal 4: RAN2 to discuss how to avoid RRC reestablishment to a gNB that cannot retrieve UE context from last serving gNB due to that no connection can be maintained between.
3. Conclusion
In this contribution we discuss the stage-2 descriptions to support gNB on board, and discuss some potential issues of supporting regenerative payload in NTN. The following observations are given:
Observation 1: The accessibility between two gNBs on board different NTN payloads can be impacted by ISL existence between NTN payloads and feeder link switch between NTN payload and AMF entity on earth.
And it is proposed that:
Proposal 1: RAN2 to update the overview description for NTN payload to include regenerative payload and ISL.
Proposal 2: For regenerative payload the uplink time synchronization reference point (RP) is the gNB located at the NTN payload, and the common TA and kmac are configured or treated as zero.
Proposal 3: For regenerative payload the feeder link switch will cause connection change between UE and NTN gate ways as well as corresponding core network entities on earth.
Proposal 4: RAN2 to discuss how to avoid RRC reestablishment to a gNB that cannot retrieve UE context from last serving gNB due to that no connection can be maintained between.
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