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1 Introduction

This document identifies the scenarios, important working assumptions, and mobility cases for determining RAN3 standardization impact originating from idle state mobility.

2 NTN Scenarios and assumptions
The NTN study item [1] has identified the following satellite options for its scope, see also Table 1: 

a) Geostationary Earth Orbit (GEO) satellites - located at 35,786 km above Earth's equator with fixed position with respect to a given Earth point. GEO satellites have large radio coverage such that only several are sufficient to cover most of the earth.
b) Low-Earth Orbit (LEO) and Medium-Earth Orbit (MEO) have circular orbits around the Earth at altitudes range 300-1500km and 7000-25000km, respectively. Such satellites are moving with respect to a given Earth point. Their radio coverage is (much) smaller than those of GEOs. Accordingly numerous LEO/MEO satellites are needed to provide the full Earth coverage. In case of Iridium LEO constellation has 6 orbits with in total 77 satellites. 

c) Transparent (bentpipe) satellite acts as a RF repeater i.e. performing solely filtering, frequency conversion and amplification of the signal.

d) Regenerative or satellites with on board processing (OBP) can in addition to filtering, frequency conversion and amplification perform (de)modulation/(de)coding, switching and routing. Accordingly, these satellites possess functions that may partially or completely correspond to the functions of a gNB. 
Table 1Reference satellite scenarios from [1]
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network
	Scenario C
	Scenario D


2.1 Important working assumptions
The following important working assumptions are proposed when investigating the idle state mobility for NTN scenarios, see also Figure 1:
· Each satellite may generate one or several beam spots. The foot print of the satellite beams corresponds to the satellite cell pattern. The satellite cell pattern may be earth fixed or moving with the satellite. For example we can define: 
· GEO sub case 1: the foot print of a satellite beam is earth fixed

· LEO sub case 1: the foot print of a satellite beam moves at the same speed as the satellite along its orbit plane
· LEO sub case 2: the foot print of a satellite beam is earth fixed. In other word, the beam is steered as the satellite moves so that its foot print remains earth fixed

· A logical NTN 5G cell can be constructed from one or more beam spots, and is characterized by its Physical Cell ID (PCID), PLMN code, and frequency carrier. An NTN 5G cell uses the PLMN of a terrestrial operator. In case an NTN network serves multiple mobile operators, each operator will use its own PLMN when exploiting the NTN.   

· The frequency carrier of the satellite beam-footprints (and the corresponding NTN 5G cells) is different from the licensed carriers of the terrestrial network operator.
· A terrestrial Tracking Area (TA) comprises numerous terrestrial 5G cells. An NTN TA comprises of at least one NTN 5G cell. Predefined terrestrial or NTN TA is fixed/configured and does not change in time. A terrestrial TA does not include any NTN 5G cell and NTN TA does not include any terrestrial 5G cell.

· The coverage of the NTN TA can fully or partially overlap or overlay with the terrestrial TA coverage.

· We may define NTN tracking areas (TAs) always earth fixed. They can take any shape including following the borders between 2 countries.
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Figure 1: Illustration of satellite system comprising a satellite gateway (ground station),  feeder link between the sat-gateway, LEO or GEO satellite and the service link between the satellite and a user terminal (UE). The satellite coverage area (blue dashed line) is consisting of multiple spot beams (solid blue lines), where one or multiple spot-beam(s) can form one logical Earth fixed NTN 5G cell. The user terminal (not illustrated) can be located either in the satellite coverage area, terrestrial coverage area or both.

· A UE camps on to an NTN 5G cell only if out-of-coverage from the terrestrial 5G network i.e. the terrestrial 5G network is prioritized. 
· The spot-beam footprints can be Earth fixed or moving and provided by a single/fixed GEO satellite or by one or more LEO satellites. 
· The beam footprints that construct the overall Earth fixed satellite coverage (partly or fully overlapping with the terrestrial network coverage) could be further configured as follows, see also Figure 1:

· All beam footprints (i.e. one or several NTN 5G cells) are collectively constructing a single NTN tracking area (TA).

· Single beam footprint corresponds to a single NTN 5G cell, which in turn constructs one TA. 

· Any option between the two above. 

3 Scenario A & C – GEO&LEO transparent satellite and Idle state mobility and Earth fixed beam spots
According to [1] the transparent satellite scenario for GEO/LEO satellites is illustrated in Figure 2. 
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Figure 2: Architecture Scenario A (GEO) and Scenario C (LEO) for the transparent satellite case. Here,  GEO/LEO satellite is only repeating the NR signal. gNB functionality is located in the sat-gateway (ground station).
In order to follow the principles of the idle UE mobility in terrestrial networks the UE will perform the following measurements while camping on the NTN 5G cell:

a) Intra-frequency (i.e. on the satellite frequency carrier) signal strength measurements of its currently serving NTN 5G cell and surrounding NTN 5G cells

b) Inter-frequency (i.e. on the terrestrial carrier) signal strength measurements or terrestrial 5G cells. 
Then, the UE will perform a cell re-selection towards different NTN or terrestrial 5G cell when the signal strength measurements (intra- or inter-frequency) have met certain pre-configured conditions as given by the network. Then the following cases apply: 
· The newly selected NTN 5G cell is created by a spotbeam from the same LEO or GEO satellite as its previously serving NTN 5G cell, and the same logical gNB located in the satellite gateway (ground station). The new NTN 5G cell is also within the same NTN TA so the UE does not need to perform TA update. No RAN3 standardization impact is expected here
· The newly selected NTN 5G cell is created by a spotbeam from a different LEO or GEO satellite than its previously serving NTN 5G cell. In this case, the logical gNB located in the satellite gateway (ground station) might be changed or not, depending if the new NTN 5G cell is configured in a different NTN TA. If the new NTN 5G cell (i.e. also new logical gNB) is configured in different TA the UE will perform TA update. No RAN3 standardization impact is expected here. 

· The newly selected 5G cell is from the terrestrial network. In this case, the gNB is changed from the satellite gateway (ground station) towards the terrestrial gNB and the TA is also changed. The UE will perform TA update. No RAN3 standardization impact is expected here.
4 Scenarios B & D – GEO/LEO regenerative satellite and Idle state mobility and Earth fixed beam spots
According to [1] the regenerative satellite scenario for GEO/LEO satellites is illustrated in Figure 3.
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Figure 3 Architecture Scenario B (GEO) and Scenario D (LEO) for the transparent satellite case. Here,  GEO/LEO satellite is only repeating the NR signal. gNB functionality is located in the sat-gateway (ground station).
The UE performs the same intra- and inter-frequency measurements as in the transparent mode. The cell re-selection cases are the same as in the transparent mode with the only difference that the gNB functions are located in the satellite providing the Earht fixed spot beam(s) and not in the satellite gateway (ground station) as in the transparent mode. The following cases apply:
· The newly selected NTN 5G cell is created by a spotbeam from the same LEO or GEO satellite as its previously serving NTN 5G cell, and consequently the same logical gNB. The new NTN 5G cell is also within the same NTN TA so the UE does not need to perform TA update. No RAN3 standardization impact is expected here

· The newly selected NTN 5G cell is created by a spotbeam from a different LEO or GEO satellite than its previously serving NTN 5G cell. In this case, the logical gNB is changed and might belong to different NTN TA. If the new gNB is configured in different TA the UE will perform TA update. No RAN3 standardization impact is expected here. 

· The newly selected 5G cell is from the terrestrial network. In this case, the gNB is changed from the satellite towards the terrestrial gNB and the TA is also changed. The UE will perform TA update. No RAN3 standardization impact is expected here.

5 Conclusions and Proposals
This document considered the scenarios, important working assumptions, and mobility cases for UE in idle state in NTN coverage. The following proposed: 
a) Proposal to agree on the important working assumptions for the Earth fixed NTN 5G cell and NTN TA for further assessment of the NTN scenarios.
b) Proposal to agree on no standardization impact for UE in Idle mode for all NTN Scenarios and for the Earth fixed NTN 5G cell.

As follow-up the following is proposed:

1) Considering moving Earth beam-spots and their impact on the idle state mobility.

2) Considering Earth fixed and moving beam-spots and their impact on the active state mobility i.e. handover analysis for the Scenario’s A to C.
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