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1 Introduction
Study Item in Rel-16 enhancements for NR-NTN has identified mobility challenges and possible solutions for connected UEs [1], [2], [3]. Email discussions and corresponding agreements in RAN2#107-bis [4] has identified frequent handover of a large number of UEs as a major challenge in LEO-NTN. 

[bookmark: _Ref23767374]Table 1: Time to HO for min/max cell diameter and varying UE speed
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56*
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 (upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28




As mentioned in Table 1 [3], in a LEO-satellite with satellite beam-spot diameter of 50 km, satellite cell (beam) switching is needed in every 6.5 seconds. Thus, frequent cell switching rate may result in significant HO signalling. During the previous RAN2 meetings it is also observed that continuous movement of LEO satellites, with moving beams creates handover of a large number of UEs. As shown in Table 2, for 65,519 connected UEs, this will result in a handover rate of 19,824 UEs per second. Such a massive handover rate will definitely incur huge signalling overhead and might result in frequent and large service interruption.  
 
[bookmark: _Ref23767488]Table 2: Average HO rate for a given cell diameter, assuming 65,519 connected UEs
	Cell Diameter (km)
	Approximate Cell Area (km2)
	Average UE density (UE/km2)
	Satellite speed (km/s)
	Time to HO all UEs in cell (s)
	Average “hand-out” rate (UE/s)
	Average HO Rate (in+out) (UEs/s)

	50
	1964
	33.36
	7.56**
	6.61
	9,912
	19,824

	100
	7854
	8.34
	
	13.23
	4,952
	9,904

	250
	49087
	1.33
	
	33.07
	1,981
	3,962

	500
	196000
	0.33
	
	66.14
	991
	1,982

	1000
	785000
	0.08
	
	132.28
	495
	990




The frequent handovers and associated interruption times can be avoided if UE can setup a connection with the target cell (beam) even before completely handing over from the source cell (beam). This will result in UE being connected with both the source and destination cells, thereby developing a Soft Handover or Make Before Break. In this contribution we provide potential ways for soft handover in LEO-NTN.



2 Discussion
In terrestrial networks, cells are fixed, but UEs might be mobile according to different trajectories.  Thus, for mobility management, network needs UEs’ measurement report to select the best target cell for the UE. On the other hand, the situation is quite different in NTN, especially for LEO satellites. As shown in Figure 1, most of the LEO satellites travel at some speed relative to the earth’s surface. Thus, in LEO-NTN, the cells are moving over time, albeit in a predictable trajectory and speed.
[image: ]
[bookmark: _Ref7597529]Figure 1: LEO-satellite movement with cells sweeping over earth's surface
Observation 1: In LEO-NTN, cells are moving fast, relative to the earth, albeit in a predictable way.

2.1 Feeder Link Switch 

[image: ]
[bookmark: _Ref23854078]Figure 2: Feeder Link Switch in LEO-NTNs
Interestingly, soft, “Make Before Break” connectivity are already introduced in 38.821 [3] for Feeder link switch over LEO satellites. As shown in Figure 2, at time T1, the LEO satellite is connected with gateway GW1 and approaching the geographical location, for transition to next gateway GW2. Now, at time T1.5, the LEO satellite is served by both the GWs (GW1 and GW2). At time T2, the connection with the gateway GW1 is released. This concept of soft handover can be extended to satellite access links between the UEs and LEO satellites.

2.2 Threshold-based Soft Handover in Access Links
As LEO satellites move along the orbits, the beam spots continuously sweep the UEs. The coverage of the beam spots are generally overlapping. Hence, the UE can get coverage of the next (target) beam, while remaining connected with the current (source) beam. Using the LEO satellites, NTN gNB can configure two thresholds “Threshadd” and “Threshdrop” for UEs to add (connect) and drop (release) the possible beam(s). UEs still continue to measure the signal strengths (RSRP / RSRQ / SINR) of all possible beams.


[image: Image result for LEO satellite with beams]
[bookmark: _Ref7640481]Figure 3: Overlapping Beam Spot Coverages in LEO-NTNs

Observation 2:  The coverage of the beam spots are generally overlapping, with UE measuring and reporting the signal strengths (RSRP / RSRQ / SINR) of possible beams (cells).
Proposal 1: Using the LEO satellites, NTN gNB can configure two thresholds “Threshadd” and “Threshdrop” for UEs to add (connect) and drop (release) the possible beam(s).
Once the measured signal strength of any beam is more than Threshadd, UE performs RRC Connection Reconfiguration with the target beam, having the highest signal strength. From this point of time, UE communicates with both the source and the target beam. Thus, the connection with the target beam is formed before breaking (releasing) the connection with the source beam (Make Before Break or soft handover). As the satellite moves farther, once the signal strength of the beam drops below Threshdrop, the connection of the corresponding beam is released. During the interval when the signal strength of both source and target beams, the downlink packets are bicasted by using both the source and target beams.
Proposal 2: The UE adds (RRC Connection) the target cell (beam), having signal strength higher than “Threshadd”. The UE continues communication with both the source and the target beam, until the signal strength of any beam (cell) falls below Threshdrop. During this interval, downlink packets can be bicasted using both source and target beams

As LEO satellite’s speed, direction and beam-sizes are quite deterministic, frequency of adding (RRC Reconfiguration) next target beam and releasing the source beam are also deterministic. The gNBs, stallites and UE can negotiate to use preparation and executing of soft (make before break) handover for specific services, e.g. only for real time voice and video services.

Observation 3: As LEO satellite’s speed, direction and beam-sizes are quite deterministic, frequency of adding (RRC Reconfiguration) next target beam and releasing the source beam are also quite deterministic.
Proposal 3: The gNBs, stallites and UE can negotiate to use preparation and executing of soft (make before break) handover for specific services, e.g. only for real time voice and video services.
Alternatively, UE can maintain multiple control signals with more than one active (source and possible target) beams cells. However, UE selectively receives data from only one of the cells, having the highest pilot signal strength.

Proposal 4: UE can also maintain multiple control signals, with more than one active (source and possible target) beams cells, but selectively receives data from only one of the cells, having the highest referrence signal strength.
Interestingly, if the geographical location of the UE is known, or if the UE has GNSS capability, then the UE can estimate its subsequent handover events and the time or SFN (System Frame Number) associated with these handovers.

Proposal 5: UEs with GNSS capability use their location information, LEO satellite’s speed and beam-spot sizes to estimate the time (T) or the SFN, corresponding to these handover events. 
UE can repeat the steps mentioned above, in regular interval T, as the handover events are expected to be fairly deterministic. Table 1 and Table 2 depict that LEO-NTNs and expected to experience very frequent handover involving a wide number (almost all) of UEs. Hence, soft handover can alleviate the frequent service interruption associated with the handovers.
Proposal 4: Include the TP, provided in Appendix, in TR 38.821.

3 Conclusions
In this contribution, we discuss soft handover (make before break) solutions in LEO NTN. We observe that LEO satellite’s mobility is fast but predictable, and UEs’ location information can be estimated. Hence, the source and target cells (beams) can configure signal thresholds for the UEs to add and remove (RRC Connection) cells (beams). Depending on these configurations, UE can maintain simultaneous connections with more than one cells (beams). Furthermore, UE can also negotiate with the gNBs and satellites to use preparation and executing of soft (make before break) handover for specific services, e.g. only for real time voice and video services. UE can also maintain multiple control signals with more than one active (source and possible target) beams cells, but selectively receives data from only one of the cells, having the highest pilot signal strength. UE with GNSS capability can also estimate the handover time by using satellite’s speed, beam spot coverage and its location information. 

Observation 1: In NTN, LEO satellites are moving over time, relative to the earth, albeit in a predictable way.


Observation 2:  The coverage of the beam spots are generally overlapping, with UE measuring and reporting the signal strengths (RSRP / RSRQ / SINR) of possible beams (cells).
Proposal 1: Using the LEO satellites, NTN gNB can configure two thresholds “Threshadd” and “Threshdrop” for UEs to add (connect) and drop (release) the possible beam(s).
Proposal 2: The UE adds (RRC Connection) the target cell (beam), having signal strength higher than “Threshadd”. The UE continues communication with both the source and the target beam, until the signal strength of any beam (cell) falls below Threshdrop. During this interval, downlink packets can be bicasted using both source and target beams.
Observation 3: As LEO satellite’s speed, direction and beam-sizes are quite deterministic, frequency of adding (RRC Reconfiguration) next target beam and releasing the source beam are also quite deterministic.
Proposal 3: The gNBs, stallites and UE can negotiate to use preparation and executing of soft (make before break) handover for specific services, e.g. only for real time voice and video services.
Proposal 4: UE can also maintain multiple control signals, with more than one active (source and possible target) beams cells, but selectively receives data from only one of the cells, having the highest referrence signal strength.
Proposal 5: UEs with GNSS capability use their location information, LEO satellite’s speed and beam-spot sizes to estimate the time (T) or the SFN, corresponding to these handover events. 
Proposal 6: Include TP, provided in Appendix, in TR 38.821.
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5 Appendix

--------------------------------------------------------- Start of TP ----------------------------------------------------------------------
7.3.2 	Connected mode mobility enhancements
Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (hand-over)

7.3.2.x Soft handover for Improving Connected mode mobility in LEO-NTN
In LEO-NTN, the satellite’s mobility is fast but predictable. Hence, the source and target cells (beams) can configure signal thresholds for the UEs to add and remove (RRC Connection) cells (beams). Depending on these configurations, UE can maintain simultaneous connections with more than one cells (beams). Furthermore, UE can also negotiate with the gNBs and satellites to use preparation and executing of soft (make before break) handover for specific services, e.g. only for real time voice and video services. UE can also maintain multiple control signals with more than one active (source and possible target) beams cells, but selectively receives data from only one of the cells, having the highest pilot signal strength. UE with GNSS capability can also estimate the handover time by using satellite’s speed, beam spot coverage and its location information. UE can repeat these steps, in regular interval, as the handover events in LEO-NTN are expected to be quite deterministic.


--------------------------------------------------------- End of TP ----------------------------------------------------------------------
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