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1	Introduction
In RAN2#105bis meeting, based on offline discussions related to [1][2] a TP on feeder link switch was agreed to be included to the Rapporteur email discussion in [105bis#24][NR/NTN]. This contribution captures some of the issues relevant to service interruption time due to feeder link switch for LEO satellites and lists solution options for some scenarios and proposes a TP to TR 38.821.
2	Impacts of feeder link switch
Satellites are connected through feeder links to gateways on Earth. Depending on the satellite architecture (transparent, regenerative (split gNB – only DU on the satellite), regenerative (with full gNB onboard satellite)) different protocols are used on the feeder link, but no matter what, the link changes when the LEO satellite moves.
2.1 		Impact to NG Interface
In case of full gNB on the satellite, shown in Figure 1, which is one of the options considered for NTN SI, while the CN is on earth, the consequence of the satellites moving is that the NG interface changes frequently. Every time a satellite moves away, the NG interface is teared down and when a satellite appears at the horizon it may be setup again. As the satellite paths and the timing are highly predictable there maybe methods to lower the signalling load for setting up and tearing down the NG interface, which may have an impact on potential connection/handover failures and interruptions.
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Figure 1 Regenerative architecture with full gNB on satellite


In Chapter 8.7.1.3 of TR 38.821, it is stated that the switchover in this scenario is equivalent to adding/removing an SCTP association between the gNB and AMF; the SCTP association addition/removal presumably results into NG interface teardown and setup. 
Observation 1: TR38.821 states that, the switchover of feeder link in a regenerative satellite scenario with full gNB on satellite is equivalent to addition/removal of SCTP association between the gNB and AMF.
Proposal 1: RAN2 to discuss on the impact of SCTP association addition/removal on the NG interface and the service impact.
Proposal 2: RAN2 to agree on the TP1 below which proposes a correction to chapter 1 of TR38.821 which incorrectly mentions F1 interface between gNB on satellite and AMF on ground.

2.2 	Impact to F1 interface

In case of the split architecture with DU on the satellite and CU on the ground, the movement of the satellite leads to frequent tear down and setups of the F1 interface. Utilising the predictability of the satellite movements, these methods can be optimised. 
One solution could be, the satellite may be equipped with dual DUs. This allows one DU to connect to a CU at the nearest ground station, while the other DU may initiate a connection with the next ground station (and potentially a different CU) serving the orbit. In this way the delay incurred by setting up and tearing down the F1 interface is not noticeable by the UE, because it may connect through the DU that has an established CU connection.
Observation 2: A satellite may be equipped with multiple DUs allowing connections to more than one ground station and potentially more than one CU.

[image: ]
Figure 2 Regenerative architecture with dual-DU on satellite and CUs on the ground

Assuming the dual DU deployment on a single satellite the coverage provided by each DU may be configured to be the same (partially or fully overlapping). Therefore, the propagation loss, consisting of path loss and shadow fading, between each DU and the UEs is very similar. At least this is the case if the DUs operate in the same frequency band. From a UE perspective the service link is the same, but the feeder link for the two CU-DU pairs may be different. 
Figure 3 illustrates the procedure for a change of DU, when both DUs are connected to the same CU, while Figure 4 illustrates a handover from one CU to another, which is similar to a gNb to gNB handover except that there is additional F1 communication delay between the CU and DU in each gNB. Thus, the change of DU, using the same CU, is simpler than the change of CU.
Observation 3: Change of DU connected to same CU (Inter-DU Intra-CU) is simpler than change of DU connected to different CU (Inter-DU Inter-CU).


[bookmark: _Ref527539293]Figure 3 Intra-CU Inter-DU mobility, [Figure 8.2.1.1-1 of 38.401]


[bookmark: _Ref527544623]Figure 4 Inter-gNB handover, which is similar to inter-CU mobility [Figure 9.2.3.2.1-1 38.300]

For RRC Connected UEs the mobility is network controlled and therefore the network can help ensure the UE is connected to the DU, which has the best feeder link connection (or the connection, which is expected to be available for a longer time).
On the contrary, RRC Idle/Inactive UEs rely on autonomous Cell selection (and reselection), which is based on received power measurements. One method for controlling the UE’s choice of DU is thus to affect the received power as perceived by the UE for each DU. This can for e.g. be accomplished by a real power increase of one DU’s transmit power or virtually using a power offset in the UE, when evaluating the received power level. The latter is similar to the Cell Range Extension parameter, which however only is valid for RRC Connected UE and is only signalled to such UEs using RRC.
Observation 4: virtual or real dynamic power boost of a DU downlink transmit power may be useful for steering RRC Idle/Inactive Cell (re)Selection.
Proposal 3: RAN2 to agree on the below TP to TR38.821

2.3 	Transparent Satellite
In case of the transparent architecture where the gNB is on Earth and the satellite is applying an amplify-and-forward procedure, the movement of the satellite leads to frequent tear down and setup of the Uu interface between gNB and UE, which is routed over a potentially proprietary interface between the satellite and ground station. 
[image: ]
Figure 5 Transparent architecture with gNB on Earth.
Observation 5: For the transparent architecture with gNB on Earth and the satellite performing amplify-and-forward function, the movement of the satellite leads to frequent tear down and setup of Uu Interface between the UE and gNB.
Proposal 4: RAN2 to study on the options to avoid service interruption time in the transparent satellite scenario due to frequent teardown and setup of Uu interface.
3	Conclusion
Observation 1: TR38.821 states that, the switchover of feeder link in a regenerative satellite scenario with full gNB on satellite is equivalent to addition/removal of SCTP association between the gNB and AMF.
Observation 2: A satellite may be equipped with multiple DUs allowing connections to more than one ground station and potentially more than one CU.
Observation 3: Change of DU connected to same CU (Inter-DU Intra-CU) is simpler than change of DU connected to different CU (Inter-DU Inter-CU).
Observation 4: virtual or real dynamic power boost of a DU downlink transmit power may be useful for steering RRC Idle/Inactive Cell (re-)Selection.
Observation 5: For the transparent architecture with gNB on Earth and the satellite performing amplify-and-forward function, the movement of the satellite leads to frequent tear down and setup of Uu Interface between the UE and gNB.
Proposal 1: RAN2 to discuss on the impact of SCTP association addition/removal on the NG interface and the service impact.
Proposal 2: RAN2 to agree on the TP1 below which proposes a correction to chapter 1 of TR38.821 which incorrectly mentions F1 interface between gNB on satellite and AMF on ground.
Proposal 3: RAN2 to agree on the below TP to TR38.821
[bookmark: _GoBack]Proposal 4: RAN2 to study on the options to avoid service interruption time in the transparent satellite scenario due to frequent teardown and setup of Uu interface.
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Text Proposal for TR 38.821
<<TP1 start>>
[bookmark: _Toc6470802]8.7.1.3	Regenerative Satellite, gNB on board
In this case, both NTN GWs are part of the TNL transporting the F1 NG interface between the gNB on the satellite and the AMF. The switchover is then equivalent to adding/removing an SCTP association between the gNB and the AMF. According to current specifications, this is triggered from the AMF. The gNB may signal, at NG Setup and/or RAN Configuration Update, the relevant satellite information (e.g. satellite ID, ephemeris data); the AMF may take it into consideration when configuring the TNL.

<<TP1 end>>
<<TP2 start>>
8.7.1.2.x 		Impact to F1 interface

In case of the split architecture with DU on the satellite and CU on the ground, the movement of the satellite leads to frequent tear down and setups of the F1 interface. Utilising the predictability of the satellite movements, these methods can be optimised. 
One solution could be, the satellite may be equipped with dual DUs. This allows one DU to connect to a CU at the nearest ground station, while the other DU may initiate a connection with the next ground station (and potentially a different CU) serving the orbit. In this way the delay incurred by setting up and tearing down the F1 interface is not noticeable by the UE, because it may connect through the DU that has an established CU connection.

[image: ]
Figure 2 Regenerative architecture with dual-DU on satellite and CUs on the ground

Assuming the dual DU deployment on a single satellite the coverage provided by each DU may be configured to be the same (partially or fully overlapping). Therefore, the propagation loss, consisting of path loss and shadow fading, between each DU and the UEs is very similar. At least this is the case if the DUs operate in the same frequency band. From a UE perspective the service link is the same, but the feeder link for the two CU-DU pairs may be different. 
Figure 3 illustrates the procedure for a change of DU, when both DUs are connected to the same CU, while Figure 4 illustrates a handover from one CU to another, which is similar to a gNb to gNB handover except that there is additional F1 communication delay between the CU and DU in each gNB. Thus, the change of DU, using the same CU, is simpler than the change of CU.



Figure 3 Intra-CU Inter-DU mobility, [Figure 8.2.1.1-1 of 38.401]


Figure 4 Inter-gNB handover, which is similar to inter-CU mobility [Figure 9.2.3.2.1-1 38.300]

For RRC Connected UEs the mobility is network controlled and therefore the network can help ensure the UE is connected to the DU, which has the best feeder link connection (or the connection, which is expected to be available for a longer time).
On the contrary, RRC Idle/Inactive UEs rely on autonomous Cell selection (and reselection), which is based on received power measurements. One method for controlling the UE’s choice of DU is thus to affect the received power as perceived by the UE for each DU. This can for e.g. be accomplished by a real power increase of one DU’s transmit power or virtually using a power offset in the UE, when evaluating the received power level. The latter is similar to the Cell Range Extension parameter, which however only is valid for RRC Connected UE and is only signalled to such UEs using RRC.

<<TP2 end>>
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