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[bookmark: _GoBack]Introduction 
The topic of Feeder Link Switching has been discussed briefly in the past RAN2 meetings and it has been suggested that the Physical Cell Identity (PCI) would change during a Feeder Link Switch. Although from Network perspective, for stationary UEs, this is an unnecessary signalling load nevertheless a solution must be sought for these scenarios.  
The proposed solution is primarily aimed at UEs in Connected Mode however for UEs in Idle or Inactive Mode, it is left to UEs Cell Re-Selection procedure to migrate from one PCI to another. 
 In this contribution, we offer a Signalling Solution based on a scheduled Handover approach.
Discussion 
For a LEO Satellite travelling over the Earth, Feeder Link Switching refers to a situation where the Satellite switches its feeder link from one Ground Station to another. As a consequence of this switching, UEs, which are stationary with respect to the LEO Satellites, would experience Cell Re-Selection or handover. 
The following Figure 1 illustrates an example of a realistic scenario. In this example the 5G Core Network is in Greece, and the LEO Satellite is moving from using a Ground Station in Cyprus to another in Malta as it travels across the sky. The UE in this example is in Greece connected to the LEO Satellite. For simplicity, only one LEO Satellite is shown in this example. 
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[bookmark: _Ref65752920]Figure 1 Feeder Link Switching Example 
There are two situations to consider:
1. The Satellite can only support one Feeder Link
2. The Satellite can support more than one Feeder Link at a time
Single Feeder Link
This situation will lead to a ‘hard switch’ with, traditionally, the temporary interruption of all the data traffic for all the UEs. 
With R15 UEs, this interruption can be recovered from using RRC Re-establishment/RRC Resume, and/or new MM level Service Requests (in new RRC Connections). This would lead to a significant spike in signalling.
With UEs and networks that support the R16 Conditional Handover functionality, CHO could be used to minimise the data flow interruption and to reduce (but not eliminate) the spike in signalling traffic.
Observation 1: A Hard (single) Feeder link switch could cause a Signalling Storm in the RAN and/or Core Network when the UEs re-establish their data transfers.  
Observation 2: When the satellite only supports a single feeder link, R16 Conditional Handover is useful to improve the customer service and reduce the spike in signalling load. 
More Than One Feeder Link
When the satellite can maintain more than one feeder link, the data interruption can be minimised for even R15 UEs, however, proper preparation and gNB internal functionality (and/or O&M control parameters) are needed to avoid spikes in signalling traffic, e.g. signalling Storm in the RAN and Core Networks
In order to migrate the UEs from PCI1 to PCI2 some advance preparation is necessary which are shown in the following steps. Furthermore, the UEs must be moved in the ‘handover’ period available during the orbital motion of the satellite, which are dependent on the distance between the Ground Stations, minimum elevation angle of the Ground Stations and orbit of the Satellite. See following 
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Figure 2 Staggered Handover and migration of UEs from PCI1 to PCI2

The following steps illustrate the preparation process:
1- The satellite control system knows the trajectories of all the satellites and knows when the feeder links will be switched on and switched off. 
2- Only PCI 1 is being broadcast in the UE’s cell.
3- The RRC Configuration given to the UE enables it to send measurement reports on both PCI 1 and PCI 2 (but PCI 2 is not yet being received by the UE)
4- Once the second feeder link is enabled, the new PCI2 can be broadcast to the UEs
5- The UE sends measurement reports on PCI 1 and PCI 2 to the serving gNB1. 
6- As the radio path signal strength loss between the satellite and UE is the same for PCI 1 and PCI 2, the normal Handover processes in gNB1 will not normally initiate a handover to gNB2. 
7- For example, using existing gNodeB energy saving O+M commands, the satellite control system instructs gNB1 to power down cell PCI2 in 30 seconds time.
8- gNB1 looks for suitable cells to handover the UE to and identifies gNB2 as suitable target.
9- The serving gNB1 uses its normal processes to determine that a handover to PCI 2 should be performed BUT the gNB1 “rate limits” the rate at which it sends NGAP Handover Required messages to the core network. 
This “rate limiting” avoids creating signalling overload provided that the number of UEs that need to be handed over is manageable during the time that the satellite can operate two feeder links for the UEs served by that satellite. 
10- Normal NG handover procedures then occur.
11- gNB1 ceases transmission of PCI 1
Observation 3: As the radio path signal strength loss between the satellite and UE is the same for PCI 1 and PCI 2, the normal Handover processes in gNB1 will not normally initiate a handover to gNB2.
Observation 4: existing O+M commands used for base station energy saving may be able to be reused to move UEs from the serving earth station to the target earth station.
The proposed signalling solution resembles closely a traditional Handover Solution.
Time and Orbital Calculations
In this section the Calculations of the Satellite Motion for various Orbits, Ground Station Visibility Angles and distances between Ground Stations are provides. The following table also highlights the elevation angle above the Horizon which corresponds to 15s before the Satellite Reaches the handover threshold. 
[bookmark: _Ref68084529]Table 1 – LEO Satellite’s Handover Time for various Orbital Altitudes, Ground Station Visibility Angles above the Horizon, and Distance between the Ground Stations 
	Scenario
	LEO Satellite Orbital Altitude (Km)
[TR 38.821]
	Ground Station’s Visibility Angle (Degrees above the Horizon)
	Distance between Ground Stations (Km)
	Maximum Available time for migrating UEs from PCI1 to PCI2 
(mm:ss)
	Elevation Angle to Reach Threshold
minus 15s 
GS1-Begin
(Degrees above the Horizon)
	Elevation Angle to Reach Threshold plus 15s 
GS1-Complete 
(Degrees above the Horizon)
	Elevation Angle to Reach Threshold
minus 15s 
GS2-Begin
(Degrees above the Horizon)
	Elevation Angle to Reach Threshold plus 15s 
GS2-Complete 
(Degrees above the Horizon)
	Remarks 

	1
	600 
	10 
	1700
	4:24
	145.87
	153.33
	26.67
	34.13
	

	2
	600
	20
	1700
	1:42
	145.87
	153.33
	26.67
	34.13
	

	3
	1200
	10
	1700
	9:58
	128.11
	134.93
	45.07
	51.89
	

	4
	1200
	20
	1700
	6:08
	128.11
	134.93
	45.07
	51.89
	

	5
	600 
	10 
	3000
	1:16
	164.05
	167.64
	12.36
	15.95
	

	6
	600
	20
	3000
	-1:26**
	164.05**
	167.64**
	12.36**
	15.95**
	

	7
	1200
	10
	3000
	6:25
	148.55
	152.72
	27.28
	31.45
	

	8
	1200
	20
	3000
	2:35
	148.55
	152.72
	27.28
	31.45
	

	9
	600
	10 
	3300
	00:32
	166.71
	169.89
	10.11
	13.29
	Special Case: Limit of the distance between the Ground Stations for 600 Km Orbit  

	10
	1200
	10 
	5150
	00:32
	167.60
	169.92
	10.08
	12.40
	Special Case: Limit of the distance between the Ground Stations for 1200 Km Orbit  


* Please note: in the calculations shown in the above table, it is assumed that the Satellite travels directly above the Basestations and the UE.  
** In this combination, there is no time to perform a handover. Furthermore, the angle to reach t=-15s is greater than the maximum look angle of the Ground Station. 
Scenarios 9 and 10 are two special cases that illustrate that for an Orbit of 600 and 1200 Km altitude, the maximum distance between the Ground Stations that could allow an approximate 30s handover period is 3300 and 5150 Km, respectively 
The calculations of Table 1 are illustrated in the following Figure 3
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[bookmark: _Ref68084643]Figure 3 Available time for Migrating UEs from PCI1 to PCI2 between Two Ground Stations
By reference to Figure 3 we can observe that for a ± 15 seconds (30 Seconds in total) around the Handover Threshold, the migration could start at GS1-Begin angle and be completed when the Satellite reaches the GS1-Complete angle. Similarly, from Ground Station2 perspective, the migration could start at GS2-Begin and be completed at GS2-Complete angle. 
The maximum available time for migrating the UEs, is calculated between the period GS2-ON and GS1-OFF. 
We take into account a number of practical considerations in migrating the UEs from PCI1 to PCI2, these are as follows: 
a) We are assuming approximately 100 UEs in a Cell. Multiple cells are likely to need to be being switched at the same time. 
b) PCI2 is switched on when the Satellite reaches the GS2-ON point
c) A connected mode, active UE will take less than 1 second to detect PCI 2 and to start reporting on it
d) As UEs are stationary with respect to the Satellite and the Cells’ powers remain unchanged, UEs must therefore be ‘signalled’ to select PCI2 instead of PCI1 
e) gNb1 using a power saving function, signals all UEs in PCI1 to handover to PCI2
f) We have allowed 30s period to migrate all the UEs from PCI1 to PCI2. For greater number of UEs, more time might be required 
g) Migration of all the UEs must be completed by the time the Satellite reaches the GS1-OFF point 
By reference to Table 1, we can observe that:
Observation 5 In majority of the scenarios presented we have ample time >30s to carry out the migration, apart from scenario 6 
Observation 6 If the distance between the Ground Stations are too large, there is no time for the handover and consequently the migration of there UEs will not be possible. 
Observation 7: The maximum available time for migrating the UEs from PCI1 to PCI2 is the time that the Satellites takes to travel between the GS2-ON and GS1-OFF points 



Conclusion
The following Observations were made in this technical contribution:
Observation 1: A Hard (single) Feeder link switch could cause a Signalling Storm in the RAN and/or Core Network when the UEs re-establish their data transfers.  
Observation 2: When the satellite only supports a single feeder link, R16 Conditional Handover is useful to improve the customer service and reduce the spike in signalling load. 
Observation 3: As the radio path signal strength loss between the satellite and UE is the same for PCI 1 and PCI 2, the normal Handover processes in gNB1 will not normally initiate a handover to gNB2.
Observation 4: existing O+M commands used for base station energy saving may be able to be reused to move UEs from the serving earth station to the target earth station.
Observation 5 In majority of the scenarios presented we have ample time >30s to carry out the migration, apart from scenario 6 
Observation 6 If the distance between the Ground Stations are too large, there is no time for the handover and consequently the migration of there UEs will not be possible. 
Observation 7: The maximum available time for migrating the UEs from PCI1 to PCI2 is the time that the Satellites takes to travel between the GS2-ON and GS1-OFF points 

And the following Conclusions could be drawn from the technical analysis: 
1. In this technical contribution we have indicated the need for new O&M configuration on the gNB to Commence transmission of PCI2 via the new feeder link by signalling all UEs to migrate from PCI 
2. To “rate limit” the number of Handover Request messages sent by the Source gNB1
3. A conventional Handover procedure is sufficient for this process
4. The migration of the UEs must be completed before the Satellite passes the GS1-OFF point 
5. We have allocated a 30s for the UEs to be migrated from PCI1 to PCI2 for the Feeder Link switch procedure. In most scenarios we have ample time (>30s) to migrate the UEs from PCI1 to PCI2.
6. The UE migration procedure would start prior to the Satellite reaches its threshold point in the sky and this time is dependent on the velocity, the position of the satellite and the distance between the two Ground Stations.
7. In NTN cells subject to feeder link switching, the RRC Inactive state will not function well unless an Xn interface exists (for UE context retrieval) between the gNBs at the different earth stations.
We kindly ask RAN2 to discuss and to incorporate the signalling solution proposed. 
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