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1 Introduction
	In the TR38.821 [1], the following scenarios are captured:

Table 4.2-1: Reference scenarios [TR38.821]

Transparent satellite

Regenerative satellite

GEO based non-terrestrial access network

Scenario A

Scenario B

LEO based non-terrestrial access network:

steerable beams

Scenario C1

Scenario D1

LEO based non-terrestrial access network:

the beams move with the satellite

Scenario C2

Scenario D2

For LEO, satellite fixed (C2, D2) or steerable (C1, D1) beams result, respectively, in earth moving or earth fixed beam foot print (and thus NR cells) on the ground. 
In RAN2#111-e meeting, discussions on R17 NR NTN took place. The following agreements on reference scenarios were reached:

· RAN2 stick to WI scenarios: Any restriction, e.g. on the LEO altitude (if needed) could come from other groups. 

· From RAN2 perspective, the table 4.2-2 of [TR 38.821] is used as a baseline for the normative work, with the removal of the regenerative payload option 

· (as the WI is restricted to transparent payload) we assume that the feeder link will use NR (how the satellite is controlled is out of the scope of the WI)

· RAN2 confirms the assumptions on the UE ground speed in the handheld and VSAT cases

· In Rel-17, only UEs with GNSS capabilities are supported

· Both Earth fixed and earth moving beam scenarios are considered with NGSO constellation.
In RAN#86 meeting, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” [2] was agreed. The following agreement was captured for Earth fixed, Earth moving cells:
· Earth fixed Tracking area is assumed with Earth fixed and moving cells


In this document, we discuss, for LEO scenarios:

· For Earth fixed cell: whether cell identity (PCI) remains the same is cell area is covered by a cell of the next satellite
· For Earth moving cell: whether TAI is updated to reflect the TA on earth and if multiple TAI related to neighboring TA is broadcasted

2 Discussion
2.1 PCI management for Earth fixed cell
In earth fixed cell scenario, the cells are fixed to a certain location on Earth. As depicted in Figure 1, due to the movement of the non-GEO satellites over Earth surface, it happens that the serving satellite (Satellite 1) leaves and is not able to further cover a certain geographical area. The service is then handle by the arriving satellite (Satellite 2). During the satellite switch-over phase, the fixed cell area is covered by 2 cells served by both satellites. At the end of satellite switch-over, the cell served by Satellite 1 will be replaced by the cell served by Satellite 2.
UE located on this area are subjected to the following issues:

-
Different time compensation for UE dispersed all over the cell area, connected to different satellites

-
Different Doppler compensation for an arriving satellite and a leaving satellite
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Figure 1: Two satellites cover the same geographical area
Observation 1: The delays and frequency shift/Doppler on both service links/feeder links from Satellite 1 and 2 are different from each other.

Therefore, if the same PCI is used for both cells, it will be seen by the UE as a PCI collision.
Proposal 1: During satellite switch-over, cells that cover the same geographical area, served by 2 satellites, should be identified by 2 different PCI.
As discussed in [3], beside existing cell reselection procedure using power measurement, the PCI of the next cell could be transmit to the UE as an enhancement to assist cell reselection.
2.2 Tracking Area management for Earth Moving cell
Tracking Area (TA) is a set of RAN areas that consists of one or several cells that cover a geographical area. TA is the basis for device tracking on core-network level. TA cannot overlap each other. A TA is identified by a TAI (TA Identity) which is broadcast in the cells of the TA. The TAI=TAC+PLMN. The Earth fixed TA is taken as baseline for Rel-17.
In earth moving cell scenario, the cells move over the Earth surface along with the satellite movement. Therefore, it happens that a cell span across border of 2 TA, as depicted in Figure 2.
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Figure 2: A cell spans across border of 2 TA
Currently, the SIB1 contains only a TAI per cell. At a moment when the cell moves from TA1 to TA2, the TAC of the cell will be switched from TAI 1 to TAI 2 (cf. Figure 3). All the UE in the cell were registered on TAC 1, at that moment will have to initiate the registration update (TAU) because TAC 1 is not anymore broadcasted by the cell. The UE will have to initiate TAU again when the cell leaves their geographic area and they are serve by a newly arriving satellite. This will happen every few minutes due to the satellite movement on Earth. Therefore, it generates the fluctuation at the border zone of all TA and high signalling load. 
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Figure 3: Hard TAI update
One solution is, when the cell covers parts of several TA, several TAC per PLMN could be broadcast, as depicted in Figure 4. So a fixed UE localized near a TA border does not need to initiates TAU at each time the satellite passes the border and at all satellite switch over. This will reduce the fluctuation and signalling load and is a simple extension of NR with limited changes. The SIB1 is to be modified to have list of TAC per PLMN. The triggering condition for initiating TAU is to be modified. If the TAI list does not contain the TAI registered for the UE, the UE initiates TAU.       
[image: image4.png]Tracking Area 2 Tracking Area 1




Figure 4: Several TAC per PLMN are broadcast at border of 2 TA
Proposal 2: Soft TAI update is used as baseline for NTN.

Proposal 3: The SIB1 is to be modified to allow a list of TAC per PLMN.

Proposal 4: If the broadcast TAI list does not contain the TAI(s) that the UE received for Registration Accept, the UE shall initiates TA update.
3 Conclusion
In this paper, the following proposals and observations have been made:
Observation:

Observation 1: The delays and frequency shift/Doppler on both service links/feeder links from Satellite 1 and 2 are different from each other.

Proposals:

Proposal 1: During satellite switch-over, cells that cover the same geographical area, served by 2 satellites, should be identified by 2 different PCI.
Proposal 2: Soft TAI update is used as baseline for NTN.

Proposal 3: The SIB1 is to be modified to allow a list of TAC per PLMN.

Proposal 4: If the broadcast TAI list does not contains the TAI(s) that the UE received for Registration Accept, the UE shall initiates TA update.
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