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Discussion
1 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 developped. 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 paging in NTN.
2 Discussion
In non-terrestrial network (NTN), the GEO satellite and non-GEO satellite have several different characteristics [2]. 
At first, GEO and non-GEO satellite have different coverage. GEO satellite has 200~1000km coverage and non-GEO satellite has 100~500km coverage as in the table4.6-1 of 38.811. In other words, GEO has larger coverage than non-GEO.
Table 4.6-1: Typical beam foot print size

	Attributes
	GEO
	Non-GEO
	Aerial

	Beam foot print size in diameter
	200 – 1000 km
	100 – 500 km
	5 - 200 km


More number of UEs can camp on larger coverage. Therefore, GEO satellite may suffer from the capacity issues. Especially, paging capacity should be considered.
Observation 1: In NTN, GEO satellite has larger coverage than non-GEO satellite. GEO satellite may suffer from the capacity issues especially paging capacity.
Secondly, the propagation delay for GEO satellite is longer than non-GEO satellite. The one way delay of GEO satellite (Satellite – UE) is about 135ms and the one way delay of non-GEO satellite (LEO at 600km, Satellite-UE) is 6.44. 
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


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


Observation 2: The propagation delay for GEO satellite is longer than non-GEO satellite.
Lastly, NGSO satellites move rapidly with respect to any given UE location. As an example, on a 2-hour orbit, a LEO satellite is in view of a stationary UE from horizon to horizon for about 20 minutes. Since each LEO satellite may have many beams, the time such a UE stays within a beam is typically for only a few minutes [2]. The IDLE UEs camp on the non-GEO satellites may suffer from the unnecessary excessive cell reselection. Moreover, the non-GEO satellites list of a tracking area and a registration area is changed all the time as the satellites move fast. Then, the core network should track which satellites are in the tracking area or registration area to transmit paging. 
Observation 3: Non-GEO satellites move fast. It may not be easy to manage the tracking area and registration area consists of non-GEO satellites due to the mobility.
Due to the different characteristics of GEO and non-GEO satellite, several scenarios can be considered especially for the paging. For the starting point of the study, we suggest to consider the following 3 scenarios to study the issue for the paging in NTN. 

Scenario 1. Standalone GEO satellite cell
At first, paging from the GEO cells can be considered. The GEO satellites have large coverage and static location. So, the tracking area and registration area can be easily managed. However, the propagation delay of GEO satellites is longer than non-GEO satellite. So, the paging response time would be delayed. Moreover, the GEO satellite may suffer from the paging capacity issues due to the huge coverage. Therefore, we may need to study how to increase the paging capacity for GEO satellite. The simplest option is to increase the DRX cycle and the number of paging occasions. We can also discuss more alternatives for further study.
Observation 4: If UE receives paging from the GEO cell and accesses to the GEO cell, the paging can be managed well due to the static location and huge coverage but the paging response time would be longer than non-GEO due to the longer propagation delay.
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Figure 1: Paging from the GEO satellite and Access to the GEO satellite
Scenario 2. Standalone non-GEO satellite cell
Secondly, paging from the non-GEO cells can be considered. The propagation delay of non-GEO satellites is shorter than GEO satellite. So, the paging response time would be shorter than the paging from the GEO satellite. However, the list of tracking area or registration area consists of non-GEO cells would be changed frequently due to the mobility of non-GEO satellite. Then, it may not easy to manage the paging from the point of the view of core network. We may need to refer the enhancements or progress of RAN3 for paging from the non-GEO cell.
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Figure 2: Paging from the non-GEO satellite and access to the non-GEO satellite
Observation 5: If UE receives paging from the non-GEO cell and accesses to the non-GEO cell, the paging response time would be shorter than GEO cell but the paging would be hard to manage due to the mobility of non-GEO cells.

Scenario 3. Non-standalone non-GEO satellite cell
Lastly, UE may receive paging from the GEO and connect to the non-GEO for data transmission. GEO has static location so the core network may prefer to manage the paging by GEO satellite. However, the propagation delay of GEO satellite is longer than non-GEO satellite so paging response time would be delayed. On the other hands, non-GEO has shorter delay but it is hard to manage the paging. Therefore, we may consider the UE receive the paging from the GEO and connect to the non-GEO for paging response or data transmission. Various methods can be suggested to receive the paging from the GEO and connect to the non-GEO. R2-1816442 describes the alternatives. We can discuss more alternatives for further study.
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Figure 3: Paging from the GEO satellite and access to the non-GEO satellite
Observation 6: If UE receives paging from the GEO cell and accesses to the non-GEO cell, the paging can be managed well due to the static location and huge coverage and the paging response time would be shorter than GEO cell.

Proposal 1: RAN2 should discuss whether or not to consider all 3 scenarios (paging from GEO, paging from non-GEO, paging from GEO and connect to the non-GEO) to study and identify the issue for the paging in NTN.
3 Conclusion
In this contribution, we discussed 
Observation 1: In NTN, GEO satellite has larger coverage than non-GEO satellite. GEO satellite may suffer from the capacity issues especially paging capacity.
Observation 2: The propagation delay for GEO satellite is longer than non-GEO satellite.
Observation 3: Non-GEO satellites move fast. It may not be easy to manage the tracking area and registration area consists of non-GEO satellites due to the mobility.
Observation 4: If UE receives paging from the GEO cell and accesses to the GEO cell, the paging can be managed well due to the static location and huge coverage but the paging response time would be longer than non-GEO due to the longer propagation delay.
Observation 5: If UE receives paging from the non-GEO cell and accesses to the non-GEO cell, the paging response time would be shorter than GEO cell but the paging would be hard to manage due to the mobility of non-GEO cells.
Observation 6: If UE receives paging from the GEO cell and accesses to the non-GEO cell, the paging can be managed well due to the static location and huge coverage and the paging response time would be shorter than GEO cell.
Proposal 1: RAN2 should discuss whether or not to consider all 3 scenarios (paging from GEO, paging from non-GEO, paging from GEO and connect to the non-GEO) to study and identify the issue for the paging in NTN.
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Deployment scenarios for paging in NTN 

The following scenarios are considered for paging in NTN. 

Scenario 1. Standalone GEO satellite cell 
Based on the typical beam foot print size, the GEO can have 200 – 1000 km coverage. The huge coverage can make the core network easily manage the paging. UE can camp on the one GEO satellite cell quite a while even if the UE moves fast. The cell list of the tracking area or registration area can be simplified. However, the one way delay of GEO satellite (Satellite – UE) is about 135ms so the paging response time would be long. In addition, the paging capacity should be extended due to the huge coverage. The longer DRX cycle or increase the number of POs can be considered to extend paging capacity. So, the following two problems are identified for the standalone GEO satellite cell scenario (UE receives paging from the GEO satellite and accesses to the GEO satellite).
1)  Needs to extend paging capacity
2)  Longer paging response time

Scenario 2. Standalone non-GEO satellite cell
The one way delay of non-GEO satellite (LEO at 600km, Satellite-UE) is 6.44. The propagation delay of non-GEO satellites is shorter than GEO satellite. So, the paging response time of standalone non-GEO satellite would be shorter than the paging response time of standalone GEO satellite. However, non-GEO satellites move rapidly with respect to any given UE location. On a 2-hour orbit, a LEO satellite is in view of a stationary UE from horizon to horizon for about 20 minutes. Therefore, the list of tracking area or registration area consists of non-GEO cells would be changed frequently due to the mobility of non-GEO satellite. Then, it may not easy to manage the paging from the point of the view of core network. So, the following problem is identified for the standalone GEO satellite cell scenario (UE receives paging from the non-GEO satellite and accesses to the non-GEO satellite).
1)  Needs to update cell list of tracking area and registration area frequently.
Scenario 3. Non-standalone non-GEO satellite cell
UE may receive paging from the GEO and connect to the non-GEO for data transmission. GEO has static location so the core network may prefer to manage the paging by GEO satellite. However, the propagation delay of GEO satellite is longer than non-GEO satellite so paging response time would be delayed. On the other hands, non-GEO has shorter delay but it is hard to manage the paging. Therefore, if the UE receive the paging from the GEO and connect to the non-GEO for paging response or data transmission, the paging can be managed well due to the static location and the paging response time would be shorter than standalone GEO cell. So, the following problem is identified for the non-standalone non-GEO satellite cell (UE receives paging from the GEO satellite and accesses to the non-GEO satellite).

1)  Needs to extend paging capacity
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