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Introduction
Non-terrestrial networks refer to networks, or segments of networks, using an airborne or spaceborne vehicle for transmission:

· Spaceborne vehicles: Satellites (including Low Earth Orbiting (LEO) satellites, Medium Earth Orbiting (MEO) satellites, Geostationary Earth Orbiting (GEO) satellites as well as Highly Elliptical Orbiting (HEO) satellites)

· Airborne vehicles: High Altitude Platforms (HAPs) encompassing Unmanned Aircraft Systems (UAS) including Lighter than Air UAS (LTA), Heavier than Air UAS (HTA), all operating in altitudes typically between 8 and 50 km, quasi-stationary
As part of the 3GPP SA1 Study on using Satellite Access in 5G, the 3GPP TR 22.822 was developed. It identifies use cases for 5G Satellite integration and the corresponding service requirements. Use cases addresses requirements from several vertical stakeholders including public safety, media and entertainment, transport [1].

In this contribution, we discuss the issue for RRC Connection handling according to satellite type in NTN.
Discussion
In non-terrestrial network (NTN), satellite is largely divided into two types – GEO satellite and non-GEO 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. 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 it brings about long propagation delay. The time delay characteristics of GEO satellite is shown in following table. [1]
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


Observation 1: In NTN, GEO satellite and non-GEO satellite have different mobility and geographical characteristics.
Observation 2: GEO satellite has large coverage, but propagation delay is very long.

Non-GEO satellite has several subtypes according to its revolving altitude, LEO(Low Earth Orbit) and MEO(Medium Earth Orbit). Because of low altitude, in contrast to GEO satellite, non-GEO satellite revolves around the earth every 2~3 hours. Its time delay characteristics is shown in following table.  [1]
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


As non-GEO satellite revolves at lower altitude than GEO satellite, its propagation delay is much shorter than GEO satellite. However, as its revolution period is 2~3 hours, it appears to the UEs on the ground from horizon to horizon about 20 minutes. Moreover, it is expected that its service-available time (i.e. the satellite is suitable enough for the UE on the ground) is lower than the duration of its appearance.
Therefore, if non-GEO satellite wants to provide paging message to the UEs on the ground, it requires frequent area update, because the core network needs to know which non-GEO satellite a UE is camping on. When a non-GEO satellite enters an area, but it leaves the area soon and then the UE needs to reselect on one of other satellites. So it is expected that so many area updates will occur. Moreover, it may increase network complexity to manage and provide paging message to non-GEO satellites. The paging issue for non-GEO satellite is discussed in [2].
Observation 3: Non-GEO satellite requires shorter delay, but increases network load and complexity to provide paging message.
According to the observations above, pros and cons of GEO satellite and non-GEO satellite in RRC procedure point of view is as following:

1. GEO satellite has large coverage, so it is easier to provide paging message, but has long propagation delay

2. Non-GEO satellite has short propagation delay, but it increases network load and complexity to provide paging message.

In time delay point of view, it can be beneficial for the UE to camp on and receive paging message from GEO satellite, and then setup RRC Connection to non-GEO satellite. When a UE is in RRC_CONNECTED state, the network knows which cell the UE is connected to, so they can provide proper handover command to the UE.
Proposal 1: Regarding characteristics of GEO and non-GEO satellite, it seems beneficial for the UE to camp on GEO satellite in idle mode and to move on non-GEO satellite in connected mode, so that the signalling delay of the data transmission may be reduced.
Considering to reuse the current mechanism of LTE and NR to support proposal 1, following steps can be considered.
I. UE is camping on a GEO satellite, and establish RRC Connection to the GEO satellite.
II. The GEO satellite provides measurement configuration to the UE

III. The UE performs measurement of GEO and non-GEO satellites, and then reports the measurement results according to the report configuration

IV. According to the measurement report, the network may provide ‘handover to non-GEO satellite’ command to the UE

V. The UE performs handover to non-GEO satellite.
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Figure 1: Scenario diagram of reusing existing mechanism
This scenario has no impact on the current specification, but the UE should endure all the long propagation delay to/from the GEO satellite. So it takes too much time for the UE to progress all the steps listed above. As a result, it seems enhancement for reducing time delay is needed for the UE to get RRC Connection to non-GEO satellite.
Observation 4: If existing mechanism is reused to support proposal 1, the UE needs to endure too long propagation delay for data transmission.
Proposal 2: To discuss enhancements how to reduce time delay when the UE camps on GEO satellite in idle mode and moves on non-GEO satellite in connected mode
 Following scenarios can be considered for the alternatives of the enhancement.

1.  During the RRC Connection establishment procedure, the UE transmits RRC Connection Setup Complete message to the target non-GEO satellite.
The UE performs idle neighbour cell measurement and reports the results in RRC Connection Request message, during RACH procedure. According to the report result, the network provides candidate cell list in RRC Connection Setup message, and then the UE transmits RRC Connection Setup Complete message to the target cell. In this case, the UE does not need to fully perform RRC Connection establishment procedure to the GEO satellite, however, it has still long propagation delay to perform RACH procedure to the GEO satellite until transmitting RRC Connection Setup Complete message.
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Figure 2: First alternative for the enhancement
2.  Camping on GEO satellite, when the UE needs RRC Connection, the UE performs cell reselection to the non-GEO satellite and then trigger RACH procedure.
   A UE in idle state performs neighbour cell measurement alike alternative 1. As soon as the UE needs RRC Connection, the UE performs cell reselection on the non-GEO cell and then perform RACH procedure. It seems beneficial for the UE that there is no signalling with GEO satellite, so the UE can save the propagation delay. However, it is still problem how long the cell reselection to the non-GEO satellite takes.





Figure 2: Second alternative for the enhancement

Proposal 3: Following alternatives can be considered for the enhancements:
· The UE reports idle measurement results to the GEO satellite and the network provides candidate cell lists to the UE. Then the UE triggers RACH procedure to the target non-GEO cell
· When the UE needs RRC Connection to non-GEO cell, it performs cell reselection to non-GEO satellite and then performs RACH procedure to the serving cell
Conclusion

In conclusion, we propose the followings:
Observation 1: In NTN, GEO satellite and non-GEO satellite have different mobility and geographical characteristics.
Observation 2: GEO satellite has much larger coverage, but propagation delay is much longer.
Observation 3: Non-GEO satellite requires shorter delay, but needs frequent area update to provide paging message.
Proposal 1: Regarding characteristics of GEO and non-GEO satellite, it seems beneficial for the UE to camp on GEO satellite in idle mode and to move on non-GEO satellite in connected mode, so that the signalling delay of the data transmission may be reduced.
Observation 4: If existing mechanism is reused to support proposal 1, the UE needs to endure too long propagation delay for data transmission.

Proposal 2: To discuss enhancements how to reduce time delay when the UE camps on GEO satellite in idle mode and moves on non-GEO satellite in connected mode
Proposal 3: Following alternatives can be considered for the enhancements:

· The UE reports idle measurement results to the GEO satellite and the network provides candidate cell lists to the UE. Then the UE triggers RACH procedure to the target non-GEO cell

· When the UE needs RRC Connection to non-GEO cell, it performs cell reselection to non-GEO satellite and then performs RACH procedure to the serving cell
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