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1 Introduction
Rel-18 enhancements for NR-NTN was approved at RAN Plenary #95e [1]. The corresponding work item has identified mobility aspects for idle UE and connected UEs. The work item objective (WID) has mentioned handover enhancements to reduce the signalling overhead as a major objective. Previous agreements in Rel-16 NR-NTN Study Item during RAN2#107-bis [2] has identified frequent handover of a large number of UEs as a major challenge in LEO-NTN. The observations [2] 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



In LEO-satellite with satellite beam-spot diameter of 70 km, satellite cell (beam) switching is needed in every 10 seconds, UE is within coverage of the beam for about 10 seconds (=D/V=70 km /7.56 km/s). Frequent cell switching rate may result in significant HO signalling. During Rel-16 Study Item, it was discussed that group-based handover can be an efficient approach to reduce the huge signalling overhead, arising from the mobility of LEO-satellites. In this contribution we provide potential solutions for improving connected mode mobility (handover) in LEO-satellite based 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. Thus, for LEO satellites, the cells are moving over time, albeit in a predictable manner.
[image: ]
[bookmark: _Ref7597529]Figure 1: LEO-satellite movement with cells sweeping over earth's surface

Observation 1: In NTN, LEO satellites are moving over time, relative to the earth, albeit in a predictable way.
Interestingly, if the geographical location of a UE is known and the UE is moving relatively slowly, LEO satellite NTN can estimate the target cell for each UE, at any given time, based on satellite’s speed, direction and height from the ground, instead of relying on UE’s measurement reports. The network can estimate UEs’ locations by using GNSS (for UEs supporting GNSS), 
Observation 2: In LEO NTN, satellites can estimate the target cell based for each UE based on satellite’s speed, direction and height from the ground, instead of relying on UE’s measurement reports.
2.1 Group-based Handover in LEO Mobility
Receiving and processing Measurement Reports (MR), sent by all the UEs might not be a good idea, as it will involve high signalling and processing overhead. Moreover, it might incur additional delay or even loss of uplink MRs, sent by all UEs in the coverage of LEO satellite’s serving cell. Thus, LEO satellite may be unable to transmit Handover Command message in time. 
Observation 3: Measurement Report based traditional method of handover triggering might incur high delay and signalling overhead in LEO satellite based NTN.  
[image: ]
[bookmark: _Ref7640481]Figure 2: Group-based HO Command and associated RACH Collision
Hence, as shown in Figure 2, it will be more efficient, for the LEO satellites, to group the UEs depending on their locations, satellite’s movement (speed and direction) and group-cast “Handover Command” message to all the UEs under the coverage of its serving cell. The UE velocity is not needed. Assuming a small cell diameter 70 km and further assuming the UE is on an aircraft moving at 1000 km/h,  it will move by about 2.7 km in 10 seconds which is not significant factor for group-based handover. Group-based transmission of handover command message can significantly reduce the signalling load associated with Measurement Reports and RRC Connection Reconfiguration (Handover Command) message transmission. Furthermore, as the cells are large, and the radio conditions for many UEs will be very similar, it make sense to also optimize the signalling process by making group-based signalling, where grouping for mobility signalling can involve e.g., UEs at similar location, UEs with similar UE capabilities etc. 
Proposal 1: In NTN system with earth-moving cells, LEO satellites can group the UEs based on their locations and satellite’s movement (speed and direction) and subsequently group-cast RRC Connection Reconfiguration (Handover Command) message to the group of UEs. Group-based handover also includes broadcast handover, where all UEs under the coverage are included in a single group.
A group RNTI for PDCCH addressing can be used by NTN gNBs for scheduling the group-based RRC message. The associated security configuration will contain a key to be used with legacy PDCP security. Once the LEO satellite broadcasts the HO Command message, all the UEs will receive the message almost at the same time.  Naturally as shown in Figure 2, it is likely that all UEs can start sending the Random Access preamble at the same time, thus generating a “Random Access storm”, resulting in enormous RACH collisions. 
Observation 4: Group-based Handover Command message transmission can generate a huge Random Access storm, thus resulting in enormous RACH collisions.
In order to mitigate such enormous RACH collisions, the LEO satellite network can provide Contention Free Random Access (CFRA) for the UEs. 
Proposal 2: In order to mitigate enormous RACH collisions, resulting from group-based Handover Command message, LEO satellites can provide CFRA for all the UEs. 

However, due to limitation in number of preambles, the satellite might be unable to provide CFRA, when the LEO-NTN is heavily loaded with too many UEs.
Observation 5: However, providing CFRA to all UEs may not be possible when NTN is heavily loaded with many UEs.
[image: ]
[bookmark: _Ref7640706]Figure 3: UEs Backoff before transmitting HO Complete
This problem can be resolved by network (LEO satellite) sending an interval (similar to contention window) in the Handover Command message, indicating the UEs to backoff before initiating the random access. Depending on the load in the NTN, network can select this interval. As shown in Figure 3, on receiving the Handover Command message, every UE will generate a random number between 0 and the random interval and backoff before initiating the random access.
Proposal 3: NTN gNBs can include an interval (similar to contention window) in the Handover Command message. For avoiding the RACH collisions, arising from Group-Handover, UEs will first backoff, by generating a random number between zero and the interval, before initiating the random access.

2.1.1 Conditional Handover Applied over Group of UEs
Further improvements in group-based handover can be achieved by transmitting the downlink Handover Command (RRC) message with specific condition(s) that is (are) taken into account by the UE, when a measurement condition is fulfilled. Similar to terrestrial networks, the conditions can include “Signal strength of a neighbour cell is higher than the serving cell signal strength, considering also optional offset and hysteresis additions”. Note that, a UE can receive multiple Conditional RRC Configurations, each for specific neighbour PCIs and a specific measurement condition. RAN2 will assume the conditions associated with Conditional Handover in Rel-17 NR-NTN as the baseline for Conditional Handover in NTN and continue further study on group-based conditional handover.
Proposal 4: LEO NTN can group-cast Conditional Handover Command message to the UEs in the group.

2.1.2 Using 2-Step RACH and Autonomous Reconfiguration in NTN
The signalling load associated with Handover in NTN can be further reduced by 2-step RACH, where Msg1 and Msg3 are combined to form MsgA, and Msg2 and Msg4 are combined to firm MsgB. RAN2 will use the outcomes and agreements of 2-step RACH WI of TN as the baseline, and will further study to use it over UE-groups in NTN.
Observation 6: RAN2 has identified 2-step RACH for reducing RACH overhead and delay.
Proposal 5: RAN2 will use the agreements of 2-step RACH WI as the baseline, and will further study to apply it over the UE-groups in NTN. 
As the LEO-satellites move at a very fast speed, many UEs under the coverage will experience very frequent handovers from one NTN cell to another. Some of these UEs may have relatively low mobility and use infrequent uplink data transmission (e.g., IoT / pedestrian / stationary UEs). Interestingly, if such UEs have no uplink data to transmit, gNB can use the DL RRC Connection Reconfiguration message to configure the UEs with the information of the target cells, it is expected to be connected with in near future. UEs can now apply this reconfiguration without sending the uplink Handover Complete (UL RRC) message. Thus, the huge signalling load (RACH and Handover Complete messages) associated with frequent handovers in NTN can be avoided or significantly reduced.
Proposal 6:  UEs, having low mobility and no UL data, can apply the reconfiguration, transmitted by gNB in the DL Group Handover (RRC) message, without performing a subsequent UL access (e.g. RACH /HO Complete). This will significantly reduce the signalling load associated with frequent handovers. 
As UEs with high mobility (e.g., aeroplane UEs) will travel in their own trajectory, such UEs will be excluded from group-based handover and autonomous reconfiguration.
Proposal 7: Group-based handover and autonomous reconfiguration will not be applied to UEs having high mobility (e.g., aeroplane UEs).

2.2 Synchronized Handover without Random Access
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. 

 
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). After the HO decision is finalized, the source beam (cell) includes this handover time (T) in the HO Command message.
Proposal 8: LEO satellites can 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 9: UEs with GNSS capability use their location information, LEO satellite’s ephemeris (speed and beam-spot sizes etc.) to estimate the handover time (T) or the corresponding SFN. 

[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 10: 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.
Observation 7: UE can skip the uplink RA preamble transmission and downlink RAR reception  assuming it can calculate the UE-specific TA for target cell beam.
3 Conclusions
In this contribution, we discuss our solutions for handover in LEO NTN. We observe that LEO satellite’s mobility is fast but predictable, and UEs’ location information can be estimated by the NTN. Hence, gNBs in NTN can group the uEs and group-cast Handover Command (RRC) message to the UEs in that group. The resulting RACH collision can be resolved by providing a CFRA or by providing a contention window in the Handover Command (RRC) message. UEs can use this window to generate a random number and backoff before initiating random access. This group-handover can be extended to include conditions, thus resulting in Conditional group-handovers. Furthermore, signalling overhead can be reduced by allowing low mobility UEs, having no UL data, to apply the reconfiguration, transmitted by gNB in the DL Group Handover (RRC) message, without performing subsequent UL access. UEs, which have already initiated the handover process can ignore this broadcast message.
Observation 1: In NTN, LEO satellites are moving over time, relative to the earth, albeit in a predictable way.


Observation 2: In LEO-satellite based NTN, satellites can estimate the target cell based for each UE based on satellite’s speed, direction and height from the ground, instead of relying on UE’s measurement reports.

Observation 3: Measurement Report based traditional method of handover triggering might incur high delay and signalling overhead in LEO satellite-based NTN.

Proposal 1: In NTN system, LEO satellites can group the UEs based on their locations and satellite’s movement (speed and direction) and subsequently group-cast RRC Connection Reconfiguration (Handover Command) message to the group of UEs. Group-based handover also includes broadcast handover, where all UEs under the coverage are included in a single group.


Observation 4: Group-based Handover Command message transmission can generate a huge Random Access storm, thus resulting in enormous RACH collisions.

Proposal 2: In order to mitigate excessive RACH collisions, resulting from group-based Handover Command (RRC) message, LEO satellites can provide CFRA for all the UEs in the group. 
Observation 5: However, providing CFRA to all UEs may not be possible when NTN is heavily loaded with many UEs.
Proposal 3: NTN gNBs can include an interval (similar to contention window) in the Handover Command message. For avoiding the RACH collisions, arising from Group-Handover, UEs will first backoff, by generating a random number between zero and the interval, before initiating the random access.
Proposal 4: LEO NTN can group-cast Conditional Handover Command message to the UEs in the group.
Observation 6: RAN2 has identified 2-step RACH for reducing RACH overhead and delay.
Proposal 5: RAN2 will use the agreements of 2-step RACH WI as the baseline and will further study to apply it over the UE-groups in NTN.
Proposal 6:  UEs, having low mobility and no UL data, can apply the reconfiguration, transmitted by gNB in the DL Group Handover (RRC) message, without performing a subsequent UL access (e.g. RACH / HO Complete). This will significantly reduce the signalling load associated with frequent handovers. 
Proposal 7: Group-based handover and autonomous reconfiguration will not be applied to UEs having high mobility (e.g., aeroplane UEs).
Proposal 8: LEO satellites can 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 9: UEs with GNSS capability use their location information, LEO satellite’s ephemeris (speed and beam-spot sizes etc.) to estimate the handover time (T) or the corresponding SFN. 
Proposal 10: 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.
Observation 7: UE can skip the uplink RA preamble transmission and downlink RAR reception, assuming it can calculate the UE-specific TA for target cell beam.
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