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1 Introduction

In [1], we have agreed to study on solutions for NR to support non-terrestrial networks (NTN), and the objectives for layer 2 is shown below:
· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]

· Dual connectivity [RAN3 aspects] involving

· NTN-based NG-RAN (Transparent GEO or LEO satellites) and terrestrial based NG-RAN access: Xn terminated on the ground

· or two NTN-based NG-RAN access (between Regenerative LEO satellites): Xn over ISL

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells
As highlighted above, one objective of the NTN SI is to study the handover for NTN with large propagation delay. This contribution mainly discuss the left issues on mobility procedure for LEO and GEO.
2 Discussion
NTN mobility has the key issue of large propagation delay, which is caused by the high altitude between terrestrial and satellite. As shown follows, the altitude range is 300 – 1500 km for LEO and GEO gives even higher altitude with 35786 km.
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 3500 km


Therefore, if one calculates the round trip delay for GEO/LEO based NTN, up to 541.46ms will be experienced for GEO based network. And for LEO, the RTT time can reach 41.77ms which is much larger than terrestrial access network.
In that case, when a UE performs handover under NTN deployment, large interruption time would be caused due to the large propagation delay. Especially for GEO based network, super large interruption time during handover procedure will be introduced when UE initiates a random access procedure to synchronize with target cell. And LEO would also cause large interruption time, due to large RTT time and the extremely high mobility.
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)

Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)

· 25.77 ms (600km)

· 41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)

· 12.89 ms (600km)

· 20.89 ms (1200km)


Observation 1 For GEO based network, super large interruption time during handover procedure will be introduced when UE initiates a random access procedure to synchronize with target cell. 
Observation 2 LEO would also cause large interruption time, due to large RTT time and the extremely high mobility.
To solve this issue:

· On the one hand, one can take the benefit from RACH-less handover, which UE can skip the random access procedure for handover to reduce the interruption time. While RACH-less handover is only applicable for limited scenarios, i.e. the TA is equal to 0ms. Especially for UE without GNSS support, UE is not able to estimate the TA for UL transmission itself. And during another WID (NR mobility enhancement), the RACH-less handover has been down-prioritized due to its limited use case.
Observation 3 RACH-less handover is only applicable for limited scenarios.
· Furthermore, two-step RACH can reduce the round trips of RACH procedure, i.e. 4-step to 2-step. And both 2-step CFRA and 2-step CBRA can be used for handover case without any limitation.

Observation 4 2-step RACH helps to reduce the HO interruption time in NTN network.
· Another way to reduce the handover interruption time is that we can reuse the optimisation for Rel-16 mobility enhancement, i.e. DAPS (dual active protocol stack) handover. The main principle of DAPS handover is that UE keep dual protocol stacks during handover procedure. And UE can continue data reception and transmission with source cell when UE is accessing to the target cell. 
For the issue mention in [2], NR mobility enhancement WID has agreed to support network coordination for UL scheduling. And for DL, the dual RX is minimum requirement for R16 UE, thus there is no issue to support dual DL transmission.
Observation 5 DAPS handover helps to reduce the HO interruption time in NTN network.

Proposal 1 DAPS handover can be used for interruption time reduction in NTN.
3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
For GEO based network, super large interruption time during handover procedure will be introduced when UE initiates a random access procedure to synchronize with target cell.
Observation 2
LEO would also cause large interruption time, due to large RTT time and the extremely high mobility.
Observation 3
RACH-less handover is only applicable for limited scenarios.
Observation 4
2-step RACH helps to reduce the HO interruption time in NTN network.
Observation 5
DAPS handover helps to reduce the HO interruption time in NTN network.


And thus we propose:
Proposal 1
DAPS handover can be used for interruption time reduction in NTN.
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