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Introduction
In this contribution, we discuss RACH-less handover for NTN.
Discussion
In the RAN2 #104 meeting, it was agreed that the details of satellite ephemeris can be captured in the TR. The satellite ephemeris could provide the location of satellites in any time. According to [1], the targeted usage-scenarios with satellite access are pedestrian, stationary in building, on board vehicle, high speed train or airplanes. In those scenarios, most of the transmission between satellite and UEs will be LoS transmission. Then, if UE location is available and satellite ephemeris is told to UE, UE could estimate the timing advance value to its serving cell based on its location and the serving satellite location.
Observation 1: UE could estimate the timing advance value to its serving cell based on its location and the satellite ephemeris.   
The following table shows the delay constraints of different NTN scenarios by referring to [2].
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35 786 km
	600 km

	Relative speed of Satellite wrt earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 5° for feeder

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 1000 km
	50 km / 500 km

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	541.75 ms (Worst case)
	270.57 ms
	28.41 ms
	12.88 ms

	Minimum Round Trip Delay on the radio interface between the gNB and the UE
	477.14 ms
	238.57 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE
(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec



According to this table, the RTT of NTN is much higher than terrestrial network, especially for GEO scenario. In the legacy handover mechanism, after receiving RRC reconfiguration from source gNB, UE will perform contention-free RACH in the target gNB to obtain TA value of target cell. If the legacy handover mechanism is adopted in NTN, the handover interruption latency will very long due to the long RTT. RACH-less handover is discussed in LTE with the condition that UE has same TA value in source gNB and target gNB. According to observation 1, RACH-less handover mechanism could be used in NTN due to the fact that UE could estimate the TA value of target gNB after obtaining its location and satellite ephemeris. In this way, handover interruption latency could be reduced by at least one RTT.
Observation 2: RACH-less handover mechanism could work in NTN when UE could estimate its TA value of target gNB.


Figure 1 Legacy handover mechanism


Figure 2 RACH-less handover mechanism
Hence, RAN2 should study supporting RACH-less handover mechanism in NTN from the perspective of reducing handover interruption latency.
Proposal 1: RAN2 should consider supporting RACH-less handover mechanism in NTN.
Proposal 2: capture the TP in Annex into TR.
Conclusion
In this contribution, we discussed RACH-less handover for NTN, and we get the following proposals:
Observation 1: UE could estimate the timing advance value to its serving cell based on its location and the satellite ephemeris. 
Observation 2: RACH-less handover mechanism could work in NTN when UE could estimate its TA value of target gNB.
Proposal 1: RAN2 should consider supporting RACH-less handover mechanism in NTN.
Proposal 2: capture the TP in Annex into TR.
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Appendix
[bookmark: _Toc6220008]7.3.2 	Connected mode mobility enhancements

Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (hand-over)

Editor’s note: NTN specific aspects related CHO can be studied in the RAN2#106meeting

For GEO NTN, mobility management procedures require adaptations to accommodate large propagation delay. In particular radio link management may require specific configuration.
For LEO NTN, mobility management procedures should be enhanced to take into account satellite movement related aspects such as measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic neighbour cell set.
The RTT of NTN is much higher than terrestrial network, especially for GEO scenario. In the legacy handover mechanism, after receiving RRC reconfiguration from source gNB, UE will perform contention-free RACH in the target gNB to obtain TA value of target cell. If the legacy handover mechanism is adopted in NTN, the handover interruption latency will very long due to the long RTT. RACH-less handover is discussed in LTE with the condition that UE has same TA value in source gNB and target gNB. The targeted usage-scenarios with satellite access are pedestrian, stationary in building, on board vehicle, high speed train or airplanes. In those scenarios, most of the transmission between satellite and UEs will be LoS transmission. Then, if UE location is available and satellite ephemeris is told to UE, UE could estimate the timing advance value to its serving cell based on its location and the serving satellite location. Then, RACH-less handover mechanism could be used in NTN due to the fact that UE could estimate the TA value of target gNB after obtaining its location and satellite ephemeris. In this way, handover interruption latency could be reduced by at least one RTT.
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