Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK541][bookmark: OLE_LINK542][bookmark: _GoBack]3GPP TSG-RAN WG3 Meeting #123bis	                                                               R3-243221
Fukuoka, Japan May 22nd – 26th, 2024
Agenda Item:	14.3
Source:    TCL.
Title:          Discussion on Support of Regenerative NTN Architecture
Document for:	Discussion and Decision
Introduction
The 5G service via satellite constellations has become a popular topic within the 3GPP scope. From the RAN perspective, during early Rel-17, a study phase was carried out, and the outcomes were included in TR 38.821. This study phase was focusing on introduction of satellite-based Non-Terrestrial Network (NTN) access with transparent payload and regenerative payload architecture. Later on, the transparent payload architecture has been specified in Rel-17 and Rel-18. Currently there is a direction to further study and specify the support of regenerative payload NTN access architecture. The introduction of NTN architecture with 5G system functions on board of a satellite (i.e., regenerative payloads) can offer new architecture options and flexibility beyond the transparent payload as specified in Rel-17 and Rel-18. This. Additionally, the support of regenerative payload architecture brings several benefits, including improved radio resource handling in Uu and better radio resource coordination between the gNBs via the ISL. It also allows for real-time connectivity between two UEs via the space segment. Therefore, as part of the Rel-19 efforts, a new Work Item Description (WID) has been agreed [1], targeting the support of NTN regenerative payload with the following objectives:
[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.
This report discusses NTN regenerative payload focusing on discussing overall gNB on board architecture and the related mobility issues.
Discussion
2.1 NTN Regenerative Architecture 
     As opposed to transparent NTN satellite access networks, which are composed of satellite payloads implementing frequency conversion and a radio frequency amplifier in both the uplink and downlink directions, regenerative NTN satellite access involves deploying some functions of 5GS directly on board the satellite. One implementation of regenerative NTN satellite access occurs when the satellite payload includes a full gNB function on board. In this scenario, the satellite radio interface (SRI) is assumed to transport N1 (NAS interface), N2 (NG-C interface), and N3 (NG-U interface) signaling or data messages between the gNB on board and the rest of the 5G Core Network functions (CN) on the ground. Under the consideration that for MEO and LEO type satellites, the satellite constellation is continuously moving, when the gNB is deployed on board the satellite, it will also rotate continuously relative to the network function on the ground. Such rotation may pose new challenges in maintaining user plane connectivity, specifically NG-UP tunnels update and/or the PDU/MBS session resource/context management for the group of UEs under the coverage of the moving satellite. To address this key issue, we kindly ask RAN3 to discuss the following proposal 
· Proposal 1: Study the signalling enhancement to address N3 tunnels update and/or N2 PDU/MBS session context management for a group of UEs under a coverage of a moving satellite.


Figure 1: 5G System with Regenerative Fully Radio Access Node Onboard
2.2 Mobility Issue for NTN Regenerative Architecture
  An example of an NTN regenerative architecture with a gNB is fully deployed on-board of a satellite is given in in Figure 2. In this example the gNBs are deployed on-board of satellites and they are interconnected to the on-ground core network (CN) control plane functions such as the access and management function (AMF) or a session management function (SMF) and/or a user plane function (UPF) via multiple N2 and N3 interfaces. The gNBs are interconnected with each other’s via Xn/X2 interface. 


              Figure 2: Mobility Example for 5G System with Regenerative gNB On-board 
     According to the above architecture, when satellite constellations move, the ground network has to find a new on-board gNB every couple of minutes (e.g., being around 7-8 minutes for the LEO category) to handover UEs to.  However, handing over of a group UEs simultaneously to the new on-board gNB require significantly large amount of signalling messages on NG or Xn interface, if assume reusing the existing 5G NR protocol handover and/or path switch triggers and signalling because they are designed on per UE basis.  One possible solution is to classify the UEs into different groups based on their coverage, as illustrated in Figure 2:
· UEs Group 1: Under the coverage of the old gNB node.
· UEs Group 2: Covered by the overlapping area between the old and the new gNB nodes.
· UEs Group 3: Within the coverage of the new gNB nodes.
This approach allows handover signalling and/or path switch trigger to be initiated on a per-group basis as illustrated in Figure 3. Such approach can effectively reduce the signaling overhead on NG/Xn interfaces when changing the serving satellite gNB for a group of UEs . Therefore, we kindly ask RAN3 to discuss the following proposal:
· Proposal 1: Study the signalling enhancement to address N3 tunnels update and/or N2 PDU/MBS session context management for a group of UEs under a coverage of a moving satellite.
· Proposal 2: Study per group handover signalling and/or path switch triggers to reduce signalling overhead when changing a serving satellite gNB for a group of UEs.


Figure 3: An Example of a Handover Involving Changing of a serving satellite gNB for a group of UEs
3 Conclusion
In this contribution, we have NTN regenerative payload focusing on discussing overall gNB on board architecture, mobility issues and provided some related enhancement proposals. The proposals are summarized as below:
· Proposal 1: Study the signalling enhancement to address N3 tunnels update and/or N2 PDU/MBS session context management for a group of UEs under a coverage of a moving satellite.
· Proposal 2: Study per group handover signalling and/or path switch triggers to reduce signalling overhead when changing a serving satellite gNB for a group of UEs.
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