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1	Introduction
This contribution provides an overview of problems and solutions related to feeder link switching for regenerative and transparent LEO scenarios as defined in the TR 38.821 [1]. According to section 8.4 of [1] an NTN GW connects to the satellites using SRI or indirectly via ISL. In this contribution only the SRI connection scenario is analyzed.
The principle for feeder link switchover is given below8.7		Feeder link switch over
8.7.1		Principles
During NTN operation, it may become necessary to switch the feeder link (SRI) between different NTN GWs toward the same satellite. This may be due to e.g. maintenance, traffic offloading, or (for LEO) due to the satellite moving out of visibility with respect to the current NTN GW. The switchover should be performed without causing service disruption to the served UEs. This can be done in different ways according to the NTN architecture option deployed.

According to sections 8.4.1.1 and 8.4.2 of [1] the LEO satellite may employ more than one feeder link during the feeder link switch. Furthermore, we assume that the coverage of two feeder links (i.e. the elevation angle between NTN GW and satellite is within the supported range and a sufficient link budget is possible) is overlapping such that the satellite may obtain continuous service.8.4.1.1	Characteristics of SRI on the feeder link
In the transparent payload case,
· a GEO or a LEO satellite can be connected to several NTN-GW at a given time. Each NTN-GW will address different radio resources of the satellite.
· a feeder link switch over can be performed using two distinct radio resources simultaneously to ensure a packet loss less switch over. This procedure is network originated.
In the regenerative payload case,
· a LEO satellite can be connected to only one NTN-GW at a time except during feeder link switch over to ensure a seamless service continuity following the make before break approach.
· a feeder link switch over can be based on a make before break strategy to obtain a loss less switch over. This is transparent to the UE for layer 3 and below NG-RAN procedures. This procedure is network originated.


8.4.2	Transporting F1 over the SRI
Using multiple Earth-satellite links to transport the same F1 interface by exploiting SCTP multi-homing, or multiple SCTP associations between CU and DU, might possibly mitigate the SRI unavailability due to outage or gateway switching at the cost of additional latency. This would be a trade-off between link outage de-correlation and added latency: the further apart the Earth stations are, the more the link outages would de-correlate, thereby decreasing the combined link outage, but the total distance to the CU (hence the F1 latency) would increase, thereby increasing latency.

2	Regenerative satellite scenarios
The regenerative satellite payload scenarios can be divided into 2 subgroups: 
· the full gNB is on-board the satellite
· the gNB-DU is on-board the satellite, while the corresponding gNB-CU is on Earth
According to the architecture option described in section 8.3.6.1 of [1] the full gNB scenario may employ two logical gNBs on the satellite. Similarly, according to the architecture option described in section 8.3.6.2 of [1] the split-gNB architecture may employ two gNB-DUs on the satellite, each connecting to one gNB-CU (potentially the same gNB-CU for both gNB-DUs) on Earth.
To summarize, Table 1 contains a list of the relevant regenerative NTN scenarios based on combinations of gNB and feeder link configurations. Feeder link configuration refers to having 1 or 2 SRI links connecting to 1 or 2 NTN-GWs. We assume that both feeder links are only active (or transmit/receive 5G NR signals) during the transition phase where the satellite is moving from source NTN-GW to target NTN-GW.
[bookmark: _Ref15566395]Table 1 Regenerative satellite payload feeder link switching scenarios (gNB and feeder link configurations).
	Scenario #
	Satellite/gNB configuration
	Feeder link configuration during switching period

	1
	1 full gNB
	1 feeder link

	2
	1 full gNB
	2 feeder links

	3
	2 full gNBs
	2 feeder links

	4
	gNB-CU - gNB-DU split, 1 gNB-DU on satellite
	1 feeder link

	5
	gNB-CU - gNB-DU split, 1 gNB-DU on satellite
	2 feeder links

	6
	gNB-CU - gNB-DU split, 2 gNB-DUs on satellite
	2 feeder links



In the following sections, these scenarios are reviewed in further detail with regards to the impact on feeder link switching. In RAN3 some reviews have already been performed with focus on the impact on the transport layer, e.g. configuration of the SCTP and impact of changing the AMF. However, this contribution analyses the above scenarios in further detail with an aim to identify issues relevant to be studied in the scope of RAN2.
The feeder link switch may be predictable in some scenarios, based on satellite ephemeris and NTN gateway positions, while in other scenarios it will be event triggered, e.g. due to maintenance of the NTN GW, interference or high traffic load in the NTN GW, or weather impact on the radio link. 


3	Feeder link switch impact on regenerative satellite payload scenarios
[bookmark: _Hlk12876041]3.1	Scenario 1
Using 1 full gNB and 1 feeder link during the switching period entails there will be a break in satellite – NTN GW connectivity, when the feeder link is switched from the source NTN GW to the target NTN GW. Two distinct cases exist as described in section 8.7.2.2 of [1]:
Case 1: the satellite remains in the coverage area of current AMF.
Case 2: the satellite moves into a coverage of a new AMF.
[image: ]
[bookmark: _Ref15561296]Figure 1 Message flow for 1 full gNB and 1 feeder link for case 2.

If the AMF does not change (case 1), the switch is transparent to the UEs except for a U-plane delay, because cell ID, MIB, SI remains the same. In principle, the gNB may continue to broadcast system information while the switch is ongoing, but refrain from scheduling any users, since the feeder link connectivity to Earth is not available. In this way, the cell(s) will not disappear from UE perspective. The scenario is illustrated in Figure 2.

[image: ] [image: ] [image: ]
[bookmark: _Ref13570982]Figure 2 Using 1 full gNB and 1 feeder link. At time A) the gNB is connected with the source NTN-GW and serving the UE. At time B) the feeder link switch is taking place and the gNB is not connected with any NTN-GW. It may still broadcast system information to the UE. At time C) the feeder link connection with the target NTN-GW has been established, including the core network connection.
Observation 1: Using 1 full gNB and 1 feeder link connection entails feeder link switch is transparent to the UE except for an additional U-plane scheduling delay.
To smoothen the feeder link switch, the configuration of transport association for the target NTN-GW feeder link may be signalled before the source NTN-GW feeder link breaks. In principle, a sequence of configurations could be precalculated and preconfigured, similar to the approach used for terrestrial networks with redundant connectivity options.

3.2	Scenario 2
Using 1 full gNB and 2 feeder links entails the gNB may apply the “multi homing” functionality of the Stream Control Transmission Protocol (SCTP) and add/remove the association between the gNB and the same AMF through the NG interface. Specifically, when the gNB moves within the coverage range of the target NTN GW (i.e. the elevation angle between NTN GW and satellite is within the supported range and a sufficient link budget is possible) it may initiate the SCTP connection setup through that link, and when the setup is complete, the gNB remove the SCTP link between source NTN GW and gNB, as illustrated in Figure 3. 

[bookmark: _Ref15561839]Figure 3 Message flow for 1 full gNB and 2 feeder links. Same AMF is used before and after the feeder link switch.

Alternatively, if the NTN GWs are connected to different AMFs, the gNB can connect to the target NTN GW and target AMF before removing the NG interface to the source GW and source AMF, as illustrated in Figure 4. 



[bookmark: _Ref15566121]Figure 4 Message flow for 1 full gNB and 2 feeder links. NG is utilizing multi-path/redundant routing. Two different AMFs are used before and after the fedder link switch.
Thus, the switch may be transparent to the UEs, because the gNB may establish the target NTN-GW feeder link connection before disconnecting the source NTN-GW feeder link. The scenario is illustrated in Figure 5.
[image: ] [image: ] [image: ]
[bookmark: _Ref13570995]Figure 5 Using 1 full gNB and 2 feeder links. At time A) the gNB is connected with the source NTN-GW and serving the UE. At time B) the feeder link switch is taking place and the gNB is connected with both NTN-GWs. It duplicates the data using the SCTP multi-homing. At time C) the feeder link connection with the target NTN-GW has been established, including the core network connection.

The scenario is captured in section 8.7.1.3 of [1]. If the switch was predicted, e.g. based on ephemeris, the transition delay may be minimized because the SCTP association with the target NTN GW is established in-time. On the contrary, if the feeder link connection with the source NTN-GW fails before the feeder link connection with the target NTN-GW is established, the gNB may apply the same methodology as described for scenario 1 (i.e. continue broadcasting system information, but no scheduling of users).
Observation 2: Using 1 full gNB and 2 feeder link connections entails a feeder link switch can be made transparent to the UEs.

3.4	Scenario 3
Having 2 gNBs with individual feeder link connections entails: i) gNB1 (with the current source NTN GW connection) serves all users in coverage before the switch, and  ii) When the target NTN GW becomes available (i.e. the elevation angle between the NTN GW and satellite is within the supported range and a sufficient link budget is possible) the  gNB2 initiates the feeder link connection and setup new cell(s) as illustrated in Figure 6. 

[image: ]
[bookmark: _Ref15561851]Figure 6 Message flow for 2 full gNBs and 2 feeder links.

Thus, the UEs may perform a handover to gNB2 before the feeder link connection of gNB1 is terminated. Since both gNBs are within the same satellite, the Xn delay, between the gNBs, is minimal (co-sited cells). The scenario is illustrated in Figure 7.
[image: ] [image: ] [image: ]
[bookmark: _Ref13578820]Figure 7 Using 2 full gNBs and 2 feeder links. At time A) the gNB A is connected with the source NTN-GW and serving the UE. At time B) the second gNB (B) has established its feeder link with the source NTN-GW, and both gNBs are visible to the UE, which will perform a handover. At time C) the gNB A is disabled and the gNB B is serving users via the target NTN-GW.

If the feeder link switch is predicted, the gNB1 can send a handover command to all UEs in-time, such that they handover to gNB2, before the connection with the source NTN-GW is dropped. 
Observation 3: Using 2 full gNB and 2 feeder link connections the feeder link switch requires the UE to perform a radio handover between a source and target cell.
Since the two gNBs are located within the same satellite and provide completely overlapping coverage on Earth. All the UEs experience similar ‘cell-edge’ radio conditions when both gNBs are active and must be handed-over from gNB1 to gNB2 within a relatively short time interval.
[bookmark: _Hlk16850968]Proposal 1: In the scenario with 2 gNBs and 2 separate feeder links, RAN2 to study how to handover all UEs from one cell to another efficiently (both operated from the same regenerative satellite) and with limited impact on UE performance.
In case of AMF change, the gNB1 may connect to the first AMF and the gNB2 may connect to the second AMF as already discussed in [1]. 

3.5	Scenario 4
If the same gNB-CU is connected to both the source and the target NTN GW the F1 may be re-routed to the target NTN GW at a specific point in time. In this case the switch may be transparent to the UEs except a user-plane delay. Similar to scenario 1 the gNB-DU may continue to broadcast system information, but not schedule UEs. The scenario is illustrated in Figure 8.
[bookmark: _Hlk16850974]Observation 4: Using 1 gNB-DU and 1 feeder link connection without changing the gNB-CU, the feeder link switch is transparent to the UE except for a U-plane scheduling delay.
[image: ] [image: ] [image: ]
[bookmark: _Ref13578843]Figure 8 Using 1 gNB-DU and 1 feeder link. At time A) the gNB-DU is connected with the source NTN-GW and serving the UE. At time B) the feeder link switch is taking place and the gNB-DU is not connected with any NTN-GW. The gNB-DU may still broadcast system information to the UE. At time C) the gNB-DU is serving users via the target NTN-GW. In case the gNB-DU connect to a new gNB-CU at time C) the UE would need to perform a handover or cell reselection.

If the gNB-CU is changed the gNB-DU will initiate the F1 setup procedure to connect with the next gNB-CU (note a gNB-DU can only connect to one gNB-CU at a time and thus the connection with the current gNB-CU must first be terminated). When the connection between the new gNB-CU and the gNB-DU is established through the target NTN GW the cell ID, MIB, and SI will need to be updated to reflect the new gNB-CU configuration. This will imply a RLF for all UEs in the coverage area.
[bookmark: _Hlk16850982]Observation 5: Using 1 gNB-DU and 1 feeder link connection with changing the gNB-CU, the feeder link switch leads to RLF of all UEs in the coverage area. The single feeder link entails no cells will be visible for a period of time. 

3.6	Scenario 5
In this scenario, in addition to scenario 4, the SCTP multi-homing functionality may be applied due to the availability of two feeder links. This enables the gNB-CU – gNB-DU to set up a secondary transport path using the target NTN GW. When the connection on the source NTN GW is terminated the traffic will continue to be routed through the target NTN GW. If the gNB-CU is not changed the switch will be transparent to the UE. The scenario is illustrated in Figure 9.
[bookmark: _Hlk16850987]Observation 6: Using 1 gNB-DU and 2 feeder link connections without changing the gNB-CU, the feeder link switch is transparent to the UEs.
[image: ] [image: ] [image: ]
[bookmark: _Ref13578856]Figure 9 Using 1 gNB-DU and 2 feeder links.

If the gNB-CU is changed the gNB-DU, the situation gets more challenging. As a handover requires both source and target CU to communicate with the DU on the satellite and a DU can only be connected to one CU at a time, handover is not possible. So similar to scenario 4, an RLF will happen for all UEs in the coverage area, as the old CU needs to be disconnected before a new connection can be setup to the target CU.
[bookmark: _Hlk16850992]Observation 7: Using 1 gNB-DU and 2 feeder link connections with changing the gNB-CU, the feeder link switch leads to RLF of all UEs in the coverage area. 

3.7	Scenario 6
Having two gNB-DUs with individual feeder link connections entails the UEs may perform intra-gNB-CU inter-gNB-DU mobility (in case the gNB-CU does not change). This is significantly faster than a gNB-CU change, which corresponds to a regular gNB-gNB handover, but also includes F1 communication and the related delays. The scenario is illustrated in Figure 10.
The intra-gNB-CU inter-gNB-DU mobility does require the RA procedure and RRC connection reconfiguration to complete, but there is no communication between the gNB-CU and AMF and UPF, as in a regular gNB-gNB handover. Furthermore, the F1 setup procedure between a gNB-CU and gNB-DU may be completed before the UEs need to connect to the gNB-DU. 
[bookmark: _Hlk16850997]Observation 8: Using 2 gNB-DU, connected to the same gNB-CU, and 2 feeder link connections the feeder link switch results in an intra-gNB-CU inter-gNB-DU mobility event.
[image: ] [image: ] [image: ]
[bookmark: _Ref13578870]Figure 10 Using 2 gNB-DUs and 2 feeder links. At time A) the gNB-DU C is connected with the source NTN-GW and serving the UE. At time B) the second gNB-DU D has established its feeder link with the source NTN-GW, and both gNBs are visible to the UE, which will perform an intra-gNB-CU inter-gNB-DU mobility. At time C) the gNB-DU C is disabled, and the gNB-DU D is serving users via the target NTN-GW. In case the gNB-DU D connects to a new gNB-CU at time B) the UE would need to perform a handover or cell reselection.
Since the intra-gNB-CU inter-gNB-DU mobility is preferred over gNB-gNB handover it is important to steer the UEs to the right gNB-CU. One procedure to achieve this was discussed in [2].
[bookmark: _Hlk16851007]Observation 9: Using 2 gNB-DUs and 2 feeder link connection and changing the gNB-CU, the feeder link switch results in the UE needing to perform a radio handover. 
Proposal 2: In the scenario with 2 gNB-DUs on-board the satellite and 2 separate feeder links, RAN2 to study how to handover all UEs from one cell to another efficiently and with limited impact on UE performance.

4	Transparent satellite payload scenarios
The transparent satellite scenario is composed of a gNB on Earth and the transparent satellite, which performs amplify-and-forward operation of the NR signalling, possibly also frequency conversion. According to section 8.4.1.1 of [1] the transparent satellite may utilize two feeder links to connect with two NTN-GWs. This leads to two sub-scenarios:
1. The feeder link switch does not result in a gNB switch 
2. The feeder link switch results in a gNB switch
Sub-scenario 1 represents the case where both NTN-GWs are connected to the same gNB. Since the transparent satellite is a simple relay it cannot rely on multi-homing functionalities, as provided by the SCTP, but instead it will need to stop relaying using the feeder link connection with the source NTN-GW and start relaying using the target NTN-GW as illustrated in Figure 11. 
[bookmark: _Hlk16851017]Proposal 3: RAN2 to study whether it is feasible to switch feeder links in a transparent satellite, where both feeder links are connected to the same gNB, but through different NTN-GWs.
[image: ][image: ]
[bookmark: _Ref14942971]Figure 11 Using 1 gNB and 2 feeder links in a transparent satellite. At time A) the gNB A is connected with the source NTN-GW and serving the UE. At time B) the gNB A is serving users via the target NTN-GW. 
In sub-scenario 2 the source NTN-GW is connected to the source gNB, while the target NTN-GW is connected to the target gNB. Therefore, the UE will need to perform a handover from source to target gNB as illustrated in Figure 12.
The two gNBs may utilize different radio resources of the transparent satellite to ensure both gNBs are visible to the UE (overlapping coverage areas). Alternatively, the source gNB may be present for a first time-period and configure a conditional handover to the target gNB, after which the target gNB is available for a second time-period where the UE can then perform the handover. Note the conditional handover does not require the UE to send a measurement report to the source gNB to trigger the handover, but rather it can be pre-configured with the source gNB and then autonomously decide when to perform the handover.
[bookmark: _Hlk16851026]Observation 10: using a transparent satellite and 2 feeder links, connected to different gNBs, entails the UE must perform a handover during feeder link switch.

[image: ] [image: ] [image: ]
[bookmark: _Ref14943533]Figure 12 Using 1 gNB and 2 feeder links in a transparent satellite. At time A) the gNB A is connected with the source NTN-GW and serving the UE. At time B) the gNB A is connected to the satellite via the source NTN-GW while the gNB B is connected via the target NTN-GW. The two gNBs may utilize different radio resources on the satellite service links. At time C) the gNB A is no longer connected with the satellite and all users have been handover over to gNB B, which is connected through the target NTN-GW.

Sub-scenario 2 impose a specific challenge for UE mobility measurements, because the measured RSRP/RSRQ does reflect the full propagation path to the base station, but only the service link propagation. This is particularly an issue if the amplify-and-forward procedure of the transparent satellite is targeting to maintain a fixed output power on the service link. The result is that the UE may observe that the RSRP/RSRQ of the service links, provided by the source and target gNBs, are the same. This is an issue, because the feeder link (FL1 in Figure 12) of the source gNB will continuously become worse, while the feeder link (FL2 in Figure 12) of the target gNB will become better, as the satellite moves from coverage of the source NTN-GW towards the target NTN-GW.
To ensure the UE triggers a measurement event and the related handover request to the source gNB, one solution may be to rely on radio propagation time instead of radio propagation loss. In NR the gNBs are expected to be time-synchronized and therefore, the UE may compare the time difference of e.g. the System Frame Number of the source and target gNBs. The difference will increase as the satellite moves away from the source NTN-GW and closer to the target NTN-GW.  If the difference exceeds a threshold the measurement event may be triggered to indicate the need for a handover. 
Alternatively, the UE handover can be triggered by the serving gNB on earth when it determines that a feeder link switch involving a gNB switch is about to occur.
[bookmark: _Hlk16851042]Proposal 4: RAN2 to study whether radio propagation time can be used to ensure UE mobility performance in transparent satellite scenarios, where feeder link switching results in a UE handover. 

5	Summary
Based on the previous sections it is observed that feeder link switching for regenerative scenarios are feasible with current NR specification, and thus no changes are proposed.
Observation 11: feeder link switching for regenerative scenarios does not have specification impact.
For transparent scenarios it is for further study how the satellite handles switching from source NTN-GW to target NTN-GW, when the gNB remains the same. Furthermore, it may be beneficial to study whether the network can utilize radio propagation time measurements for UE mobility.
Observation 12: feeder link switching for transparent scenarios is for further study.

6	Conclusion
Observation 1: Using 1 full gNB and 1 feeder link connection entails feeder link switch is transparent to the UE except for an additional U-plane scheduling delay.
Observation 2: Using 1 full gNB and 2 feeder link connections entails a feeder link switch can be made transparent to the UEs.
Observation 3: Using 2 full gNB and 2 feeder link connections the feeder link switch requires the UE to perform a radio handover between a source and target cell.
Proposal 1: In the scenario with 2 gNBs and 2 separate feeder links, RAN2 to study how to handover all UEs from one cell to another efficiently (both operated from the same regenerative satellite) and with limited impact on UE performance.
Observation 4: Using 1 gNB-DU and 1 feeder link connection without changing the gNB-CU, the feeder link switch is transparent to the UE except for a U-plane scheduling delay.
Observation 5: Using 1 gNB-DU and 1 feeder link connection with changing the gNB-CU, the feeder link switch leads to RLF of all UEs in the coverage area. The single feeder link entails no cells will be visible for a period of time. 
Observation 6: Using 1 gNB-DU and 2 feeder link connections without changing the gNB-CU, the feeder link switch is transparent to the UEs.
Observation 7: Using 1 gNB-DU and 2 feeder link connections with changing the gNB-CU, the feeder link switch leads to RLF of all UEs in the coverage area. 
Observation 8: Using 2 gNB-DU, connected to the same gNB-CU, and 2 feeder link connections the feeder link switch results in an intra-gNB-CU inter-gNB-DU mobility event.
Observation 9: Using 2 gNB-DUs and 2 feeder link connection and changing the gNB-CU, the feeder link switch results in the UE needing to perform a radio handover. 
Proposal 2: In the scenario with 2 gNB-DUs on-board the satellite and 2 separate feeder links, RAN2 to study how to handover all UEs from one cell to another efficiently and with limited impact on UE performance.
Proposal 3: RAN2 to study whether it is feasible to switch feeder links in a transparent satellite, where both feeder links are connected to the same gNB, but through different NTN-GWs.
Observation 10: using a transparent satellite and 2 feeder links, connected to different gNBs, entails the UE must perform a handover during feeder link switch.
Proposal 4: RAN2 to study whether radio propagation time can be used to ensure UE mobility performance in transparent satellite scenarios, where feeder link switching results in a UE handover. 
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