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1	Introduction
The 3GPP has defined a work item for Rel-17 on non-terrestrial networks (NTN), RP-201256 [1]. 
The principle for feeder link switchover is given below TR 38.821 [2]: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.
8.7		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.

In the RAN2 #111e meeting, the agreements related to the feeder link, have been captured in R2-2008122 [4]:· (as the WI is restricted to transparent payload) we assume that the feeder link will use NR (how the satellite is controlled is out of the scope of the WI) 
· Both soft and hard feeder link switchover (e.g. for Non GSO) are supported. 
· Note: This requires satellite to be connected to one NTN GW at a time (hard switch) or at least two NTN GWs simultaneously (soft switch). 
· RAN2 to start discussing enhancements for soft feeder link switchover and then solutions for hard feeder link switchover.

At RAN2#112e (November 2020) the following agreements have been made:
	Agreements: 
1.	RAN2 to consider the case where gNB is co-located at the GW with higher priority. 
2.	RAN2 will continue working with the assumption that service link switch implies L3 mobility (meaning that at least in case the SSBs are on the same sync raster point the PCIs need to be different). Check if an LS to RAN1 asking for feasibility of having same PCI as well can be agreed



According to sections 8.4.1.1 and 8.4.2 of [2] 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.
In this contribution we discuss the LEO transparent satellite scenarios which can be used to analyze and design enhancements for feeder link switchover. We focus on RAN2 specific user and control plane procedures.
2	Feeder link and NR carriers
For transparent satellite payloads, the satellite (NTN) gateway (GW) located on Earth generates the Satellite Radio Interface (SRI) signals and maintains radio connectivity with one or more satellites.  The NTN GW is assumed to implement all mechanism needed to manage the SRI and transport of the feeder link. A given NTN GW has a certain coverage area, i.e. it can provide connectivity to one or more satellites in a certain region in the sky, above a minimum elevation angle. Each NTN GW has connection to one or more NR gNBs (or gNB-DUs) which provide the NR cells relayed by the transparent satellite.
In R1-2006678 [5] Figure 2 there is a basic description on how transparent satellite payloads are implemented today, with reference to Very High Throughput Satellites:VHTS payloads are composed of several tens of Traveling-Wave Tube Amplifier (TWTA). A TWTA amplifies several gigahertzes of band (typically 2.9 GHz in Ka-Band but it can be less). Typically, the satellite operator will plan several carriers on this frequency band that will be redirected on several satellite beams (e.g. 4 beams). Each carrier will occupy its own sub-band. An illustration of such configuration is given on Figure 2 <in R1-2006678 [5]>.

According to the above description, the feeder link would have to carry several NR carriers, i.e. according the NR numerology, one for each NR cell in the service link, in a frequency multiplexing (FM) mode. We also need to assume, although not discussed in 3GPP, that the NR carrier transmissions on the feeder link can be appropriately multiplexed on the feeder link when NR FDD access is provided in the service link.
Observation 1: In the transparent satellite payload scenarios, the satellite feeder link would have to carry several NR carriers, i.e. according the NR numerology, one for each NR cell in the service link, in a frequency multiplexing mode.
Nevertheless, for NTN system design purposes, the impact of the signal processing on-board the transparent satellite on the NG-RAN procedures should be kept to minimum. Alternatively, the design of NR access procedures would need to assume potentially too many satellite transceiver specific parameters related to the NR radio interface.
Observation 2: In the transparent satellite payload scenarios, it is desirable to utilize the same NR carrier numerology (SCS, bandwidth, etc) on the feeder and service links to minimize the impact of the signal processing on-board the transparent satellite on the NG-RAN procedures.
The NR cells have carrier frequencies placed according to the applicable NR Absolute Radio Frequency Channel Number (NR-ARFCN) with step size based on the NR operating band [see Table 5.4.2.1-1, Table 5.4.2.3-1 for FR1 and Table 5.4.2.3-2 for FR2 in TS38.104]. The nominal channel spacing between two adjacent NR carriers depends on the NR-ARFCN raster.
Following the R1-2006678 [5] Figure 2, the simplest solution from satellite processing point of view is when the NR carrier frequencies on the feeder link are generated following the NR channel spacing and are relayed by the satellite without any numerology changes (carrier frequency, SCS, bandwidth); thus allowing for relatively simple band-pass filtering and amplification on-board the satellite to extract the signals to be redirected on the satellite beams. In this solution, due to limited bandwidth of the feeder link, there is a reduced number of simultaneous NR carrier frequencies which can be relayed by the satellite. 
Alternatively, larger bandwidth feeder links, which typically are available in the high frequency bands, e.g. Ka/Ku bands, could be utilised in combination with the service links in the low frequency bands e.g. in the S-band. However, this difference in the feeder and service link frequency bands, could result in the need to use different 5G NR carrier numerology on the feeder and service link, thus additional and 5G carrier specific signal processing is needed on-board the satellite. This can be potentially avoided if frequency band up conversion is performed in the NTN GW, which should be kept transparent to the NG-RAN. In this case the feeder link cannot be assumed to be operating according to NR specifications.
Observation 3: In the transparent satellite payload scenarios, the number of NR cells generated by the satellite strongly depends on the available feeder link bandwidth and the signal processing implemented on-board the satellite.
Observation 4: Assuming the same total satellite footprint area, a lower number of NR cells generated by the satellite implies larger NR cell size (diameter).
Proposal 1: In the transparent satellite payload scenarios, RAN2 to clarify and agree on what are the NR carrier numerologies (SCS, bandwidth, etc) used on the feeder and service links and the signal processing steps the satellite implements as part of the ‘amplify and forward’ process, which have direct impact on the NG-RAN access and mobility procedures.
Proposal 2: For transparent satellite payload scenarios, RAN2 to discuss and agree on how the NR-based feeder link is “mapped” to NR cells on the service link.
3	Feeder link switch
3.1	Scenarios
First, we look at the feeder link switch scenarios from the perspective of the UE when served by a transparent payload satellite system. The potential implication of these scenarios on the user and control plane procedures is then discussed in Sections 3.2 - 3.3.
From the UE perspective, any change in the feeder link could impact the mobility procedures. For the purpose of analysing the feeder link switch mechanism and enhancements we identify the following two main scenarios:
1. Intra-satellite mobility with feeder link switch and NTN GW change
2. Inter-satellite mobility with feeder link switch and NTN GW change or without NTN GW change
The usual intra-satellite mobility, with same NTN GW, does not involve feeder link switch and is not in the scope of these discussions.
Proposal 3: In the feeder link switch discussion RAN2 should distinguish between the two mains scenarios for intra-satellite and inter-satellite mobility with feeder link switch.
3.2	Intra-satellite mobility with feeder link switch and NTN GW change
In this scenario the LEO satellite has a feeder link initially connected to source NTN GW#1 and due to its movement along the orbit, it moves out of the coverage range of NTN GW#1 and into the coverage area of a target NTN GW#2. See Figure 1.
In case of the soft feeder link switch solution, the coverage areas of the NTN GW#1 and NTN GW#2 need to partially overlap. The NTN UEs are served via the service link (NR Uu). 
We highlight below the key points for each of the relevant scenarios, i.e. four combinations between earth fixed/ moving cells with soft/hard feeder switch.
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Figure 1: Intra-satellite mobility with feeder link switch and NTN GW change 

1) Earth fixed cells 
a. The UEs will not experience any NR cell changes due to the movement of the LEO satellite
b. The feeder link switch between NTN GW#1 and NTN GW#2 might trigger a change in the NR cells provided via the same satellite beams, and therefore mobility events are triggered for all served UEs
c. The propagation delays and differences between the two feeder links, can impact the hand-over procedures, as follows:

Soft feeder link switch: 
i. The NR cells, and associated PCIs, from the source and target NTN GWs are available simultaneously 
ii. The UE cell detection and measurement procedures have to take into account the potential delay difference due to the two feeder links
iii. The network can trigger hand-over for the CONNECTED UEs based on radio measurements and feeder link switch timing information (RAN1 dependent, RAN2 issue).
iv. Appropriate cell re-selection criteria has to be configured, for IDLE UEs to be able to detect the new PCIs

Hard feeder link switch: 
i. The NR cells, and associated PCIs, from the source and target NTN GWs are not available/detected simultaneously 
ii. The delay differences on the feeder links have no/limited impact on the mobility procedures
iii. The network can trigger hand-over for the CONNECTED UEs based on feeder link switch timing information and CONNECTED UEs will experience temporary service interruption 
iv. Appropriate cell re-selection criteria has to be configured, for IDLE UEs to be able to detect the new PCIs also taking into account the temporary interruption in the NR cell broadcast information
Observation 5: In the transparent satellite payload scenarios with earth fixed cells and intra-satellite feeder link switch, the network can trigger hand-over for the CONNECTED UEs based on radio measurements and/or feeder link switch timing information.
Proposal 4: In the transparent satellite payload scenarios with earth fixed cells and intra-satellite feeder link switch, RAN2 to study how the feeder link switch timing information can be conveyed to the UEs.
Observation 6: In the transparent satellite payload scenarios with earth fixed cells and intra-satellite hard feeder link switch, an appropriate cell re-selection criteria has to be configured, for IDLE UEs to be able to detect the new PCIs also taking into account the temporary interruption in the NR cell broadcast information.
Proposal 5: In the transparent satellite payload scenarios with earth fixed cells and intra-satellite hard feeder link switch, depending on the assumed duration of the feeder switch (interruption in the NR signals) the involvement of RAN WG#4 needs to be considered.


2) Earth moving cells
a. The UEs will experience NR cell changes, and the associated mobility events, due to the movement of the LEO satellite
b. The feeder link switch between NTN GW#1 and NTN GW#2 additionally triggers a change in the NR cells provided via the same satellite beams, and therefore additional mobility events are also triggered for all served UEs
c. The propagation delays and differences between the two feeder links, can impact the hand-over procedures, as follows:

Soft feeder link switch: 
i. The NR cells, and associated PCIs, from the source and target NTN GWs are available simultaneously 
ii. The UE cell detection and measurement procedures have to take into account the potential delay difference due to the feeder links
iii. The network can trigger hand-over for the CONNECTED UEs based on radio measurements and feeder link switch timing information. 
iv. It is preferable that CONNECTED mode mobility events due to the feeder link switch are timed such to minimize the overlap with CONNECTED mode mobility events due to the satellite movement
v. Appropriate cell re-selection criteria has to be configured, for IDLE UEs to be able to detect the new PCIs

Hard feeder link switch: 
i. The NR cells, and associated PCIs, from the source and target NTN GWs are not available/detectable simultaneously
ii. The delay differences on the two feeder links have no/limited impact on the mobility procedures
iii. The network can trigger hand-over for the CONNECTED UEs based on feeder link switch timing information and CONNECTED UEs will experience temporary service interruption
iv. It is preferable that CONNECTED mode mobility events due to the feeder link switch are timed such to minimize the overlap with CONNECTED mode mobility events due to the satellite movement 
v. Appropriate cell re-selection criteria have to be configured, for IDLE UEs to be able to detect the new PCIs also taking into account the temporary interruption in the NR cell broadcast information

Observation 7: In the transparent satellite payload scenarios with earth moving cells and intra-satellite feeder link switch, the network has to trigger hand-overs for the CONNECTED UEs based on radio measurements and/or feeder link switch timing information, such to minimize the overlap with CONNECTED mode mobility events due to the satellite movement.
Observation 8: In the transparent satellite payload scenarios with earth moving cells and intra-satellite hard feeder link switch, an appropriate cell re-selection criteria has to be configured, for IDLE UEs to be able to detect the new PCIs also taking into account the temporary interruption in the NR cell broadcast information
Observation 9: In the transparent satellite payload scenarios with earth fixed/moving cells the intra-satellite soft/hard feeder link switch triggers a change in the NR cell(s) provided via the same satellite beams.

3.3.	Inter-satellite mobility with feeder link switch and same NTN GW or with NTN GW change
In these scenarios two LEOs satellites (not necessarily on the same orbit) provide neighboring coverage footprints and have their feeder links connected to:
i) the same NTN GW, i.e. the satellites are in the same NTN GW coverage area, see Figure 2
ii) two different NTN GWs, i.e. the satellites are in two different NTN GW coverage areas, see Figure 3
The UEs located at, or moving into, the footprint-edge area (at the edge of the two satellite footprints), are experiencing change in the NR cells, which are provided via the two satellites, i.e. via different feeder links. From satellite perspective obviously there is no feeder link switch in these scenarios, but when the UE is moving between NR cells from different satellites it actually experiencing the combined satellite service and feeder link switch (full Uu switch). 
It can be noted, that even for the intra-satellite cases (Section 3.2), there is the case with moving cells, where some of the UEs would experience similar full Uu switch, when moving from one NR cell to another while the feeder link for the serving satellite needs to be switched as well.
For UE mobility, these scenarios can be considered as being part of the soft feeder link switch scenarios and the Earth fixed cells and Earth moving cells scenarios are similar from feeder link change point of view.
Observation 10: In the transparent satellite payload scenarios, the inter-satellite feeder link switch cases with or without NTN GW change can be addressed by the same mobility mechanisms.

We highlight below the key points for each of the relevant scenarios, i.e. two combinations between earth fixed or moving and soft feeder switch cases. The hard-switch feeder link case is not suitable in these scenarios where two different satellites are involved.

Observation 11: In the transparent satellite payload scenarios with inter-satellite feeder link switch, only the soft feeder link switch mechanism is relevant to be addressed.
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Figure 2: Inter-satellite mobility with feeder link switch and same NTN GW
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Figure 3: Inter-satellite mobility with feeder link switch and NTN GW change

1) Earth moving or fixed cells
a. The UEs will experience NR cell changes, and the associated mobility events, due to the movement of the LEO satellite and/or the movement of the UEs
b. The feeder link switch is triggered by the NR cell change based on the UE handover procedures; the PCIs are assumed to be different for the NR cells generated by the different satellites.
c. The propagation delays and differences between the two feeder links, can impact the hand-over procedures, as follows:

Soft feeder link switch: 
i. The NR cells, and associated PCIs, from the source and target satellites are available simultaneously
ii. The UE cell detection and measurement procedures have to take into account the potential delay difference due to the feeder links
iii. The network can trigger hand-over for the CONNECTED UEs based on radio measurements and feeder link switch timing information. 
iv. Appropriate cell re-selection criteria has to be configured, for IDLE UEs to be able to detect the new PCIs
Observation 12: In the transparent satellite payload scenarios with inter-satellite feeder link switch, the feeder link switch is triggered by the NR cell change based on the UE handover procedures and the network can trigger hand-over for the CONNECTED UEs based on radio measurements and feeder link switch timing information.
4	Conclusion
This paper elaborated on feeder link switching in NTN systems. The following observations and proposals have been made.
Observation 1: In the transparent satellite payload scenarios, the satellite feeder link would have to carry several NR carriers, i.e. according the NR numerology, one for each NR cell in the service link, in a frequency multiplexing mode.
Observation 2: In the transparent satellite payload scenarios, it is desirable to utilize the same NR carrier numerology (SCS, bandwidth, etc) on the feeder and service links to minimize the impact of the signal processing on-board the transparent satellite on the NG-RAN procedures.
Observation 3: In the transparent satellite payload scenarios, the number of NR cells generated by the satellite strongly depends on the available feeder link bandwidth and the signal processing implemented on-board the satellite.
Observation 4: Assuming the same total satellite footprint area, a lower number of NR cells generated by the satellite implies larger NR cell size (diameter).
Proposal 1: In the transparent satellite payload scenarios, RAN2 to clarify and agree on what are the NR carrier numerologies (SCS, bandwidth, etc) used on the feeder and service links and the signal processing steps the satellite implements as part of the ‘amplify and forward’ process, which have direct impact on the NG-RAN access and mobility procedures.
Proposal 2: For transparent satellite payload scenarios, RAN2 to discuss and agree on how the NR-based feeder link is “mapped” to NR cells on the service link.
Proposal 3: In the feeder link switch discussion RAN2 should distinguish between the two mains scenarios for intra-satellite and inter-satellite mobility with feeder link switch.
Observation 5: In the transparent satellite payload scenarios with earth fixed cells and intra-satellite feeder link switch, the network can trigger hand-over for the CONNECTED UEs based on radio measurements and/or feeder link switch timing information.
Proposal 4: In the transparent satellite payload scenarios with earth fixed cells and intra-satellite feeder link switch, RAN2 to study how the feeder link switch timing information can be conveyed to the UEs.
Observation 6: In the transparent satellite payload scenarios with earth fixed cells and intra-satellite hard feeder link switch, an appropriate cell re-selection criteria has to be configured, for IDLE UEs to be able to detect the new PCIs also taking into account the temporary interruption in the NR cell broadcast information.
Proposal 5: In the transparent satellite payload scenarios with earth fixed cells and intra-satellite hard feeder link switch, depending on the assumed duration of the feeder switch (interruption in the NR signals) the involvement of RAN WG#4 needs to be considered.
Observation 7: In the transparent satellite payload scenarios with earth moving cells and intra-satellite feeder link switch, the network has to trigger hand-overs for the CONNECTED UEs based on radio measurements and/or feeder link switch timing information, such to minimize the overlap with CONNECTED mode mobility events due to the satellite movement.
Observation 8: In the transparent satellite payload scenarios with earth moving cells and intra-satellite hard feeder link switch, an appropriate cell re-selection criteria has to be configured, for IDLE UEs to be able to detect the new PCIs also taking into account the temporary interruption in the NR cell broadcast information
Observation 9: In the transparent satellite payload scenarios with earth fixed/moving cells the intra-satellite soft/hard feeder link switch triggers a change in the NR cell(s) provided via the same satellite beams.
Observation 10: In the transparent satellite payload scenarios, the inter-satellite feeder link switch cases with or without NTN GW change can be addressed by the same mobility mechanisms.
Observation 11: In the transparent satellite payload scenarios with inter-satellite feeder link switch, only the soft feeder link switch mechanism is relevant to be addressed.
Observation 12: In the transparent satellite payload scenarios with inter-satellite feeder link switch, the feeder link switch is triggered by the NR cell change based on the UE handover procedures and the network can trigger hand-over for the CONNECTED UEs based on radio measurements and feeder link switch timing information.
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