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1 Introduction

In RAN2#111-e meeting, discussions on R17 NR NTN took place. In this contribution, we discuss further details for idle mode in NTN.
At the RAN#86 meeting, upon successful completion of the “Study Item on NR support non-terrestrial network” [1], the corresponding work item was approved [2]. The WID objectives for RAN2 Control Plane Procedure are recalled hereafter:

	The following control plane procedures enhancements should be specified (see TR 38.821):
· Idle mode: 

· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)

· Definition of NTN (satellite/HAPS) cell specific information in SIB

· Connected mode

· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.

· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].

· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)
· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]
During RAN2#111-e meeting, the following agreements were taken for Idle mode aspect:

· Cell selection / reselection in NR is the baseline in NTN idle mode procedure.

· Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN

· The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).

· The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.

· The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.

· Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information




In this document, we analyse:

· The method to provide the network type to UE
· Use of assistance information in cell selection/reselection procedure

· The satellite ephemeris to be provided to UE

2 Definitions

The main principles assumed in this paper are detailed in the NTN reference scenarios description provided in [6]. 

Recall of some definitions here after:
· Satellite beam: a beam generated by an antenna on board the satellite

· Satellite beam footprint refers to the radio coverage of an area on the Earth surface.

· NR NTN or RAN cell is identified by one Physical Cell Identifier (PCI).

· One or several satellite beams can be mapped to the same NR NTN cell (PCI)

· One satellite beam may consist of one SS Block (SSB)
· SSB burst set is a group of SS Blocks (SSBs)

· Each NTN NR cell can have up to 4, 8, or 64 SS Blocs per SSB Burst depending on the frequency band

· Camped on a cell: UE has completed the cell selection/reselection process and has chosen a cell. The UE monitors system information (in most cases) paging information.

· Barred cell: a cell a UE is not allowed to camp on

· Tracking Area (TA): set of RAN areas that consists of one or more cells that cover a geographical area. A tracking area is identified by a TAI (TA identity) which is broadcast in the cells of the tracking area. The TAI=TAC+PLMN. TA is the basis for device tracking on core-network level. TA cannot overlap each other.

· TAU: Tracking area update is handled when the UE is in idle state

· Registration: process of camping on a cell of the PLMN.

· Registration area (NAS) is an area in which the UE may roam without a need to perform location registration, which is a NAS procedure. The Registration Area can be a group of TAs (TAI list), but normally correspond to the Tracking area of the UE. The registration area is identified by RAI. The cell information will contain the RAI and TAI. NAS registration area in which the UE may roam without a need to perform location registration, which is a NAS procedure.

· RAN area is a set of RAN cells identified by RAN Area Identifier (RAI). 

· RNAU: RNA update is handled when the UE is INACTIVE state.

· UEs in inactive state are assigned to a RAN notification area that consists either of the following:

· List of cell identities

· List of RAIs (list of RAN areas)

· List of TAIs (list of Tracking areas)

· Cell Identity (CI): 5G CN cell identification

· PLMN ID = MCC + MNC

· Global Cell Identity (GCI) = MCC + MNC + LAC + CI
· Local Area Identify = PLMN + LAC (Local Area Code)

· Available PLMN(s): One or more PLMN (S) for which the UE has found at least one cell and read its PLMN identity(ies)

· Selected PLMN: PLMN selected by the NAS, either manually or automatically

· Equivalent PLMN list: list of PLMNs considered as equivalent by the UE for cell selection, cell reselection and handover according to the information provided by NAS.

· Home PLMN: A PLMN where the Mobile Country Code (MCC) and Mobile Network Code (MNC) of the PLMN identity are the same as the MCC and MNC of the IMSI.

· Visited PLMN: PLMN different from HPLMN.

· Allowable PLMN: PLMN which is not in the list of forbidden PLMNs.

· Forbidden PLMN: PLMNs not allowed saved in the UE SIM

· Country: A country identified by a single MCC value, with the exception that MCC values 310 through 316 identify a single country (SA) and MCC values 404 through 406 identify a single country (India)

· Shared network: a cell is part of a shared network, when multiple PLMN identities are received as specified in 3GPP TS 38.331 for NR.

· SIM: Subscribed Identify Module (3GPP TS 21.111)
3 Discussion
3.1 Network type and PLMN selection/reselection
In TR 38.821, the paragraph regarding NTN cell definition is captured as below:

	7.3.5
PLMN identities deployment

Deployment of PLMNs with specific PLMN IDs for NTN cells and TN cells, or between different type of NTN platforms (GEO or LEO), is considered as a preferred option, however the configuration of common PLMN identities is not precluded.


In the NTN, we may foresee two different scenarios:

· overlap of NTN NR cells with TN cells

· no overlap of NTN NR cell and TN cells
In any of the two scenarios, the cell reselection priority can be given in implicit way, deduced from the PLMN ID list. Deployment of PLMNs with specific PLMN IDs for NTN cells and TN cells, or between different type of NTN platforms (GEO or LEO) is a preferred option identified in TR38.821. This would allow to set up in priority terrestrial PLMN from NTN PLMN, in order to force a cell reselection towards TN cell while connected to an NTN cell.

The UE may search for higher priority PLMNs at regular time intervals as described in TS 23.122. This interval may need to be updated depending on the UE location, satellite beam footprint and/or cell size, to avoid extra power consumption when no TN option is available (e.g. in remote areas).

The TN PLMN priority over NTN should be reflected in the list of PLMNs in priority order in TS 23.122.

Proposal 1. Cell selection/reselection priority should be reflected in the list of PLMNs in priority order. Wait for CT1 meetings for information about PLMN selection and roaming stage 2.
3.2 Use of assistance information in cell selection/reselection procedure
In earth moving cell scenario with LEO satellite, the satellite trajectory is predictable over time. Knowing the satellite trajectory, information about the list of potential next cells could be informed to the UE. This information can assist the UE to target the potential neighbor cells to be selected first in the cell reselection procedure.

Proposal 2. In idle mode for earth moving cell scenario, the neighboring cell list could be indicated to UE to assist cell reselection procedure.
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Figure 1: Satellite switchover in earth fixed cell scenario.

In case of satellite switch for earth fixed cell scenario, a fixed cell area will be covered by the cell of the next satellite in visibility. In a short instance, a certain area is covered by 2 cells served by both satellites, as depicted in Figure 1. The first cell will be replaced by the second cell. To assist the cell reselection in this scenario, the PCI of the next cell could be transmitted to the UE. 
Proposal 3. In idle mode for earth fixed cell scenario, to prepare satellite switchover, the destination cell PCI could be indicated to UE to assist reselection procedure.

In TR 38.821 [1] it has been captured that ephemeris data should be provided to the UE, for example to assist with pointing a directional antenna (or an antenna beam) towards the satellite, and to calculate a correct Timing Advance (TA) and Doppler shift. 
In NTN network, 2 types of satellite ephemeris data may be needed:

· Serving satellite ephemeris: the serving satellite Position, Velocity and Time (PVT) are needed to assist UL timing and frequency synchronization. In case of directional UE, it can also be used in order to adjust the pointing direction of the antenna and track the serving satellite position.
· Neighboring satellite ephemeris: to be used in case of directional UE, to re-adjust the pointing direction of the UE antenna in the direction of neighboring satellite before performing inter-satellite HO or inter-satellite cell reselection
Indeed, when the UE is in idle mode, the neighboring satellite ephemeris and UE location could be used in NTN to assist cell selection/reselection procedure, in particular in scenarios where directional UE are considered. These pieces of information will be used to assist the UE in the pointing of its directional antenna towards the satellite, then UE can perform proper measurement on the target cell.
Proposal 4. Neighboring satellite ephemeris and UE location could be used in NTN to assist the UE in the pointing of its directional antenna towards the satellite.
3.2.1 Neighboring satellite ephemeris
This section aims to describe and clarify the format, the function and validity period associated to neighboring satellite ephemeris.

3.2.1.1 Function

In case of directional UE, neighboring satellite ephemeris shall be used in order to re-adjust the pointing direction of the UE antenna in the direction of neighboring satellite before performing inter-satellite HO or inter-satellite cell reselection.

3.2.1.2 Format

Option 1 : The same format as for the serving satellite ephemeris can be considered. However, in this case the accuracy requirement regarding the satellite position and velocity knowledge at UE side is relaxed w.r.t. to the accuracy requirement associated to the serving satellite position and velocity. Indeed, the accuracy needed in order to point the UE antenna in the satellite direction such that one can close the link budget is less restraining than for assisting UL synchronization. As a consequence, the PV(T) format granularity for neighboring satellites can be revisited to minimize the signalling overhead.

Option 2 : Signalling only reference indexes associated to the stored constellation ephemeris data can also be considered to provide neighboring satellite ephemeris to the UEs.

The neighboring satellite ephemeris can be provided to UE via NTN SIB or dedicated RRC signalling.
3.2.1.3 Validity period
For option 1, assuming the same PV(T) format as for serving satellite ephemeris, the validity period can last at least from several minutes to several tens of  minutes depending on the satellite absolute knowledge accuracy at the NCC and the orbital propagator implementation at UE side.

Proposal 5. RAN2 to decide by what means neighboring satellite ephemeris shall be indicated

· Option 1: Indication based on the same PV(T) format as for serving satellite (with a different granularity if considered beneficial).

· Option 2: Indication based on reference indexes associated to the stored constellation ephemeris data 

Proposal 6. RAN2 to specify new NTN SIB  and new dedicated RRC signaling to provide neighboring satellite ephemeris to UE.
3.2.2 Stored constellation ephemeris data

3.2.2.1 Function
In case of directional UE, when the device has been switched off or out of coverage for a long period of time and wakes up, having stored constellation ephemeris data may be beneficial to trigger and speed up the cell detection procedure. Indeed, relying on blind satellite research among a predefined set of pointing directions without assisting information may be rather inefficient and power consuming depending on the deployment scenario. 

Moreover, as already discussed in the previous section, constellation ephemeris data can also be used as a common reference between the UE and the gNB to signal to the UE the neighboring satellites.
3.2.2.2 Format

As already proposed during the SI phase, a format based on orbital parameters shall be preferred to PVT formats in order to optimize the storage space. Indeed, the storage of orbital planes can be communalized between the satellites sharing the same orbital planes.

Pre-provisioning constellation ephemeris data in uSIM or UE can be considered. However, as constellation ephemeris are satellite operator property, 
then uSIM is better than UE for portability and security in operator’s point of view. The network shall be able to update the stored constellation ephemeris data stored when needed.
3.2.2.3 Validity period
The frequency of the updates is very dependent of the deployment scenario (UE type, satellite orbits).

By way of example, one can consider that assuming TLE based ephemeris for a LEO satellite at 600 km of altitude, the ephemeris data shall be updated typically once a day.

Proposal 7. RAN2 to decide whether stored constellation ephemeris shall be supported as part of Rel. 17.

Proposal 8. If yes, RAN2 to specify
· An ephemeris storage format based on orbital parameters

· The constellation ephemeris pre-provisioning framework

· New signaling to update the constellation ephemeris data stored in the uSIM or UE when needed
4 Conclusion
In this paper, the following proposals and observations have been made :

Proposal 9. Cell selection/reselection priority should be reflected in the list of PLMNs in priority order. Wait for CT1 meetings for information about PLMN selection and roaming stage 2.
Proposal 10. In idle mode for earth moving cell scenario, the neighboring cell list could be indicated to UE to assist cell reselection procedure.

Proposal 11. In idle mode for earth fixed cell scenario, to prepare satellite switchover, the destination cell PCI could be indicated to UE to assist handover procedure.

Proposal 12. Neighboring satellite ephemeris and UE location could be used in NTN to assist the UE in the pointing of its directional antenna towards the satellite.
Proposal 13. RAN2 to decide by what means neighboring satellite ephemeris shall be indicated
· Option 1: Indication based on the same PV(T) format as for serving satellite (with a different granularity if considered beneficial).

· Option 2: Indication based on reference indexes associated to the stored constellation ephemeris data 

Proposal 14. RAN2 to specify new NTN SIB and new dedicated RRC signaling to provide neighboring satellite ephemeris to UE.
Proposal 15. RAN2 to decide whether stored constellation ephemeris shall be supported as part of Rel. 17.

Proposal 16. If yes, RAN2 to specify 

· An ephemeris storage format based on orbital parameters

· The constellation ephemeris pre-provisioning framework

· New signaling to update the constellation ephemeris data stored in the uSIM or UE when needed
References

	1) 3GPP, “TR 38.821; Solutions for NR to support non-terrestrial networks (NTN), Release 16”

	2) RP-193234; “Solutions for NR to support non-terresttrial networks (NTN)" RAN#86, December 2019; Thales

	3) 3GPP. "TS38.304, UE procedures in idle mode and in RRC Inactive mode, Release 15

	4) 3GPP, “TS 38.300; NR; NR and NG-RAN Overall Description; Stage 2; Release 15”.

	5) 3GPP, "TR23.737; "Study on architecture aspects for using satellite access in 5G", Release 17

	6) R2-2007572 ; “ NR NTN reference scenarios”; Thales

	7) 3GPP, "TS24.501, Access-Stratum (NAS) protocol for 5G System (5GS); Stage 3 (3GPP TS 24.501 version 15.0.0 Release 15)

	8) 3GPP, "TS23.122, Technical Specification Group Core Network and Terminals; Non-Access-Stratum (NAS) functions related to Mobile Station (MS) in idle mode (Release 16)"
9) RP-201256; “Solutions for NR to support non-terrestrial networks (NTN)," 3GPP TSG RAN meeting #88e, June 2020; Thales.



6/6

