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Introduction
In non-terrestrial network (NTN), satellite is largely divided into two types – GEO satellite and LEO satellite. GEO(Geostationary Earth Orbit) satellite revolves around the earth once a day, so it looks stationary high above at one location from ground view. On the contrary, LEO satellite revolves around the earth every 2~3 hours at relatively lower altitude than GEO satellites, and the revolution period is determined by the altitude.
In this contribution, we discuss how to improve the robustness of connected mobility considering characteristics of each satellite type in NTN.
Discussion
In the meeting RAN#82, NTN SID was revised [1]. Newly added paragraph is as follows:
	Targeted usage-scenarios with satellite access are pedestrian, stationary in building, on board vehicle, high speed train or airplanes. Stationary in building, on board vehicle, high speed train or airplanes usage-scenarios may require a relay UE. The priority of the Rel-16 study will be on pedestrian and on board vehicle usage-scenarios.
The possible reference scenarios and architecture options for non-terrestrial networks will be identified and described. However, the scope of the release 16 study item will be limited to key issues and solutions associated with transparent GEO satellite and LEO based non-terrestrial access network (moving beam on earth). The CU-DU and IAB feature as well as the combined operation of GEO / LEO networks for idle mode will not be considered in this study during release 16.


Refer to highlighted yellow, the scope of the release 16 study item was limited to only transparent GEO satellite and LEO satellites. Regenerative satellites can decode/code the signals on board, so the one way propagation delay is the propagation delay between the satellite to UE. On the contrary, one way propagation delay of bent pipe (i.e., transparent) satellite is sum of feeder link propagation delay and user link propagation delay, thus the propagation delay between Gateway and UE via the satellite. Therefore, the propagation delay of transparent satellite is about twice of it of regenerative delay.
Observation 1: In NTN, it was agreed to limit the scope of key issues and solutions associated with transparent GEO satellite and LEO satellite issues. The transparent satellites face twice longer propagation delay than regenerative satellites.
GEO(Geostationary Earth Orbit) satellite revolves around the earth once a day, so it looks stationary high above at one location from ground view. In order to revolve around the earth once a day, the altitude of GEO satellite is very high, 35786km. It enables the GEO satellite to support very large coverage, but causes long propagation delay. The time delay characteristics of GEO satellite is shown in following table. [2]
Table 5.3.2.1-1: Propagation delays for GEO satellite at 35786 km

	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite – UE
	40586
	135.286

	GW : 5°
	satellite – gateway
	41126.6
	137.088

	90°
	satellite – UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751

	Regenerative Satellite

	One way delay
	Satellite –UE
	40586
	135.286

	Round Trip Time
	Satellite-UE-Satellite
	81172
	270.572


In contrast to GEO satellite, LEO satellite revolves around the earth every 2~3 hours and the revolution period is determined by its altitude. Its time delay characteristics is shown in following table.  [2]
Table 5.3.4.1-1: Propagation delays for different NGSO satellites (altitude and payload types)

	 
	 
	LEO at 600 km
	LEO at 1500 km
	MEO at 10000 km

	Elevation angle
	Path
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)

	UE: 10°
	satellite - UE
	1932.24
	6,440
	3647.5
	12,158
	14018.16
	46.727

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	14539.4
	48.464

	90°
	satellite - UE
	600
	2
	1500
	5
	10000
	33.333

	Bent pipe satellite

	One way delay
	 Gateway-satellite_UE
	4261.2
	14.204
	7749.2
	25.83
	28557.6
	95.192

	Round Trip Delay
	 Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38

	Regenerative satellite

	One way delay
	Satellite -UE
	1932.24
	6.44
	3647.5
	12.16
	14018.16
	46.73

	Round Trip Delay
	Satellite-UE-Satellite
	3864.48
	12.88
	7295
	24.32
	28036.32
	93.45


One way delay of each bent pipe (i.e., transparent) satellite type is yellow highlighted. Propagation delay of transparent GEO satellite is 272ms, LEO satellite is 25ms in maximum and MEO is 95ms. Regarding the long propagation delay, if the existing signalling procedures in terrestrial network such as handover or connection establishment/resume/re-establishment is re-used in NTN, it may occur a robustness problem. 

For example, if conventional handover procedure is used in NTN, the step is expected as following:
1. The UE reports measurement report to the source gateway via satellite

2. Handover is triggered, the source gateway requests handover to target gateway, and receives handover acknowledgement.

3. The source gateway provides handover command to the UE via satellite.

4. The UE performs handover to the target gateway via satellite.
Regarding the propagation delay of the transparent satellites described above, it may require hundreds of milliseconds since measurement report until UE performs handover. Moreover, as NTN terminal mobility speed up to 1000km/h is supported in NTN [2], the target cell may be changed rapidly after the UE reports measurement report. For example, the target cell quality rapidly decreases after measurement report so that it is not good enough to perform handover, or the other LEO satellite with better cell quality appears.
Observation 2: Regarding the long propagation delay and fast mobility of satellites, the handover robustness may be impaired.
In case of LEO satellites, the path is predictable because the motion of the satellites follows known paths. It means the satellite appears at a place every revolution cycle. Therefore, if the network is informed with a UE location and some satellites are expected to pass near the UE location at a specific time, it may be useful to pre-configure the handover condition, i.e., conditional handover. Configuring conditional handover, the UE does not have to wait for the hundreds of milliseconds delayed handover command, and just trigger handover if one of pre-configured cell satisfies the condition.
Proposal 1: Conditional handover may be the solution to improve the handover robustness in NTN.
If adoption of conditional handover is considered NTN, as terrestrial network environment is quite different with NTN, (e.g., propagation delay, cell mobility) it would be helpful to discuss in advance that which issues need to be considered to adopt conditional handover in NTN.
Proposal 2: RAN2 is kindly asked to discuss which issues need to be considered to adopt conditional handover in NTN.

Conclusion

In conclusion, we propose the followings:
Observation 1: In NTN, it was agreed to limit the scope of key issues and solutions associated with transparent GEO satellite and LEO satellite issues. The transparent satellites face twice longer propagation delay than regenerative satellites.

Observation 2: Regarding the long propagation delay and fast mobility of satellites, the handover robustness may be impaired.
Proposal 1: Conditional handover may be the solution to improve the handover robustness in NTN.
Proposal 2: RAN2 is kindly asked to discuss which issues need to be considered to adopt conditional handover in NTN.
References

[1] RP-182880, “Study on solutions for NR to support non-terrestrial networks (NTN)”, Thales

[2] 38.811 V15.0.0 (2018-06),
“Study on New Radio (NR) to support non terrestrial networks”[image: image1.png]



Page 3

