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1 Introduction
Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The corresponding study item has identified mobility aspects for idle UE and connected UEs [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. The observations [3] regarding frequent mobility are mentioned in Table 1:

[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 the table, 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 increase hue signalling overhead and requires special attention.  
 
[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




One major part of signalling overhead and delay during handover arises from random access. Random access is needed for the UE to perform timing advance, required to achieve uplink synchronization with the target gNB. If the handover events can be synchronized over time and UE can itself estimate this uplink synchronization, this random access can be avoided. Such RACH-less handover in NTN will result in reduction of messaging overhead and handover delay. In this contribution we provide potential ways for providing handover without random access 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 Timing Advance for Random Access during Hand Over
Timing Advance (TA) is used to adjust the uplink frame timing relative to the downlink frame timing. As mentioned in [3]  and shown in Figure 2, the DL and UL timing is aligned at gNB with timing advance. The timing advance is twice the value of the propagation delay. 

 
[bookmark: _Ref7640481]Figure 2: Timing Advance in gNB for UL Synchronization
During handover execution, after switching to the target cell, typically every UE needs to perform this Timing Advance after to achieve synchronization with the target cell. However, in LEO-NTN, as the satellite’s trajectory, speed and beam spot sizes are quite deterministic, the time and events of subsequent handovers to the target cells (beams) can also be estimated in an almost deterministic manner. As UE reaches the handover region, where the source and target beams are overlapping, depending on UE’s measurement report, the source and target beams (cells) communicate to finalize handover decision and the time of handover (T), represented by the corresponding System Frame Number (SFN). LEO satellites use ISL links to make the source and target cells time synchronized. After the HO decision is finalized, the source beam (cell) includes this handover time (T) in the HO Command message.

Proposal 1: LEO satellites communicate over the ISL links to estimate the time or SFN of the subsequent handover events and inform the UE about this time by including it in the Handover Command message.
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 2: UEs with GNSS capability use their location information, LEO satellite’s speed and beam-spot sizes to estimate the handover time (T) or the corresponding SFN. 

2.2 Synchronized Handover without Random Access

[image: ]
[bookmark: _Ref23848961]Figure 3: Synchronized handover in LEO-NTNs
As shown in Figure 3, in LEO-NTN, the UE in connected state can determine the propagation delay associated, with the reference signals received from source (dSRC) and target beams (dTGT), by using satellite ephemeris data and as well as GNSS position or any other similar solutions. Now, the UE can autonomously estimate the timing advance  (TA) in the target beam (cell), by measuring the  propagation delay difference  (Δd)  in  the  signals  received  from  the  source  and  target  cells, i.e. TATGT = TASRC - 2 Δd, where Δd = dSRC  - dTGT.
Proposal 3: In LEO-NTN, UE can autonomously estimate the timing advance (TA) in the target beam (cell), by measuring the  propagation delay difference  in  the  signals  received  from  the  source  and  target  cells. This can lead to handovers without random access in periodic intervals. 

This way, UE can skip the uplink RA preamble transmission and downlink RAR reception, thereby reducing the service interruption time and message load during handover. As LEO satellite’s speed, direction and beam-sizes are quite deterministic, frequency of HO and the value of HO time (T) is also deterministic. Thus, the value timing advance in target beam (TATGT) is also quite deterministic. 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, avoiding random access during handover will alleviate the handover messaging load and reduce the handover interruption time.
Proposal 4: Include the TP, provided in Appendix, in TR 38.821.

3 Conclusions
In this contribution, we discuss synchronized handover solutions without random access in LEO NTN. We observe that LEO satellite’s mobility is fast but predictable, and UEs’ location information can be estimated. Hence, the UE, source and target cells can be synchronized over time. If UE is aware of this synchronized time, it can estimate the timing advance required in the target cell. This results in avoiding the random access during handover, which in turn, results in messaging load and lower handover interruption time. 

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


Proposal 1: LEO satellites communicate over the ISL links to estimate the time or SFN of the subsequent handover events and inform the UE about this time by including it in the Handover Command message.
Proposal 2: UEs with GNSS capability use their location information, LEO satellite’s speed and beam-spot sizes to estimate the handover time (T) or the corresponding SFN. 
Proposal 3: In LEO-NTN, UE can autonomously estimate the timing advance (TA) in the target beam (cell), by measuring the  propagation delay difference  in  the  signals  received  from  the  source  and  target  cells. This will lead to handovers without random access in periodic intervals.
Proposal 4: 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 Synchronized Handover without Random Access in LEO-NTN
In LEO-NTN, the source and target cells can synchronize with the UEs by using GNSS information, ephemeris-data, satellite speed and beam-spot sizes. Source and target cells can communicate about the handover time using ISL links and source cell can inform the UE about this handover time, by including it in Handover Command message. Alternatively, GNSS capable UEs can also estimate this handover time by using its location, satellite speed and beam-spot sizes. Once the UE is time synchronized with source and target cells, it can autonomously estimate the timing advance (TA) in the target beam (cell), by measuring the  propagation delay difference  in  the  signals  received  from  the  source  and  target  cells. This will lead to handovers without random access in periodic intervals. This results in avoiding the random access during handover, which in turn, results in messaging load and lower handover interruption time.


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