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Introduction

In this paper, the list of NTN control data to be provided to the gNB (e.g. through configuration) is identified for the following procedures:
· Uplink timing and frequency synchronization defined by RAN1
· Mobility management procedures
· Satellite and feeder link switch over as defined by RAN3
· Idle mode and connected mode mobility defined by RAN2

We shall consider the Transparent scenario for which “NR protocol is transparently forwarded by the payload”.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Discussion
NTN Architecture considerations
During RAN3#111, an example of NTN architecture implementation was endorsed in the appendix of R3-211344:
“The following figure illustrates an example implementation of an Non-Terrestrial Network within an NG-RAN infrastructure for transparent NTN payload:


Figure B-1: NTN based NG-RAN

The gNB depicted in Figure B-1 may be subdivided into non-NTN infrastructure gNB functions and the NTN Service Link provisioning System. The NTN infrastructure may be thought of being subdivided into the NTN Service Link provisioning System and the NTN Control function. The NTN Service Link provisioning System may consist of one or more NTN payloads and NTN Gateways.
The NTN payload is embarked on a spaceborne (or airborne) vehicle, providing a structure, power, commanding, telemetry, attitude control for the satellite (resp. HAPS) and possibly an appropriate thermal environment, radiation shielding,
The NTN Service Link provisioning System maps the NR-Uu radio protocol over radio resources of the NTN infrastructure (e.g. beams, channels, Tx power).
The NTN control function controls the spaceborne (or airborne) vehicles as well as the radio resources of the NTN infrastructure (NTN payload(s) & NTN Gateway(s)). It provides control data, e.g. Ephemeris, to the non-NTN infrastructure gNB functions of the gNB.
Provision of NTN control data to the gNB is out of 3GPP scope.
Editor’s Note: Whether the provision of the NTN control date is out of scope of 3GPP or rely on 3GPP O&M is FFS. 
The transport of NR-Uu protocol between the NTN Service Link provisioning system and the non-NTN infrastructure gNB functions is out of 3GPP scope.”

Although the provision of NTN control data to the gNB may be out of 3GPP scope, it is necessary to identify the list of NTN control data that should be made available to NG-RAN for its procedures.
In the following, we shall identify the need for NTN control data for selected procedures.

Uplink frequency and timing synchronisation
The figure below illustrate the main data flows between the NG-RAN functional entities and the NTN control centre:
[image: ]
Figure 1: Data flows between NTN and the Non-NTN infrastructure gNB functions as well as UE

In order to broadcast Ephemeris, common delay (related to feeder link) to UE for the compensation of timing and frequency variation on the uplink due to the motion of the serving satellite, the NTN control function shall provide the following information for example via OAM:
· Actual Ephemeris of all the satellite/HAPS of the NTN system associated to the explicit epoch time when this actual ephemeris was computed.
· FFS about the format (Position Velocity and Time state vectors or Orbital parameters) which will  be decided by RAN1
· Location of the NTN-Gateways associated to the gNB

Proposal 1: The gNB will be provided via OAM the following NTN control data:
· Actual Ephemeris of all the satellite/HAPS of the NTN system associated to the explicit epoch time when this actual ephemeris was computed.
· FFS about the format (Position Velocity and Time state vectors or Orbital parameters) which will  be decided by RAN1
· Location of the NTN-Gateways associated to the gNB

Mobility procedures

Switch overs:
· A feeder link switch over is the procedure where the feeder link is changed from a source NTN Gateway to a target NTN Gateway. The feeder link switch over is a Transport Network Layer procedure.
· A NTN-payload switch-over is the procedure where both service and feeder links are simultaneously changed from a source to a target NTN-payload while NTN gateway remains unchanged

Proposal 2:
· A NTN-payload switch-over is the procedure where both service and feeder links are simultaneously changed from a source to a target NTN-payload while the NTN gateway remains unchanged.
· Both hard and soft NTN-payload switch-over are applicable to NTN.

A NTN-payload switch may result in transferring established connection for the affected UEs between two cells.
For soft NTN-payload switch over, a NTN-Gateway may connect to more than one NTN-payload during a given period i.e. a temporary overlap can be ensured during the transition between the NTN-payloads.
For hard NTN-payload switch over, a NTN-Gateway only connect to one NTN-payload at any given time i.e. a radio link interruption may occur during the transition between the NTN-payloads.

Proposal 3:
· A NTN-payload switch may result in transferring established connection for the affected UEs between two cells.
· For soft NTN-payload switch over, a NTN-Gateway may connect to more than one NTN-payload during a given period i.e. a temporary overlap can be ensured during the transition between the NTN-payloads.
· For hard NTN-payload switch over, a NTN-Gateway only connect to one NTN-payload at any given time i.e. a radio link interruption may occur during the transition between the NTN-payloads.


In soft switch, the temporary overlap between the feeder links or between the NTN-payloads is expected to be sufficient for the hand-over of all affected UEs, e.g. at least [20] seconds.
In hard switch, a radio link interruption may occur during the transition between the feeder links or between the NTN-payloads is expected to be in the order of less than [200 ms] to prevent excessive radio link failure.

Proposal 4:
· In soft switch, the temporary overlap between the feeder links or between the NTN-payloads is expected to be sufficient for the hand-over of all affected UEs, e.g. at least [TBD] seconds.
· In hard switch, a radio link interruption may occur during the transition between the feeder links or between the NTN-payloads is expected to be in the order of less than [TBD] ms to prevent excessive radio link failure.


It is assumed that
· the decision to perform a switch over (feeder link or satellite) is coordinated in a central way and assumed to be exactly predictable. It does not preclude dynamic correction of the pre-planned switch overs scheduling in a specific area due to feeder link or satellite impairments. In such case, these corrections could be provided via O&M to selected gNBs.
· soft switch over are supported allowing gNB to configure UEs appropriately to execute the Handover during a time window
· FFS: hard switch


Proposal 5:
· The decision to perform a switch over (feeder link or satellite) is coordinated in a central way and assumed to be exactly predictable. It does not preclude dynamic correction of the pre-planned switch overs scheduling in a specific area due to feeder link or satellite impairments. In such case, these corrections could be provided via O&M to selected gNBs.
· soft switch over are supported allowing gNB to configure UEs appropriately to execute the Handover during a time window
· FFS: hard switch

The mapping between the cells and the NTN beams is pre planned by the NTN control functions and provided to the gNB through configuration. 

Proposal 6: The mapping between the cells and the NTN beams is pre planned by the NTN control functions and provided to the gNB through configuration. 


For Idle and connected mode mobility, it has been agreed in RAN2#113-bis-e the following
“Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).
The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE”

Therefore, reference location of cells should be provided to the gNB by NTN control functions.

We assume that the switch-overs are controlled by NTN control functions and that gNB can be informed about the scheduling of switch over events and usable cells and their neighbours 
The NTN control function can provide to each gNB on a regular basis or on demand, the necessary information, for switch over event: e.g. the time (of the transition time) and duration of each event, the next NTN-Gateway and/or NTN-payload involved.

Hence, NTN related parameters are provided by O&M to the gNB providing non-terrestrial NR access to support the mobility management procedures. The list of these parameters depends on the type of service links supported:
· Earth-fixed beams (e.g. GEO and HAPS): For each cell provided by a given satellite, it entails the Cell identifier (NG and Uu) and the Cell’s reference location (e.g. cell’s center).
· Quasi-Earth-fixed beams: 
· For each NG-cell, it entails its identifier, its reference location (e.g. cell’s center), the time window of the successive switch overs (feeder link, satellite), the time window and identifier of all serving satellites and NTN-Gateways, the time window and identifiers of the serving Uu-cell.
· For each UU-cell, it entails the time-windows and identifiers of the active neighbouring Uu-cells
· Earth-moving beams: 
· For each Uu cell provided by a given satellite, it enta	ils its identifier, its elevation wrt satellite, its direction, the time window and identifier of all serving NTN-Gateway, the time window of the successive switch overs (feeder link, satellite), the identifiers of the neighbouring cells (intra satellite as well as inter satellite/intra orbital plane), the time window and identifiers of the active neighbouring cells (inter satellite/inter orbital plane)

Proposal 7: NTN related parameters are provided by O&M to the gNB providing non-terrestrial NR access to support the mobility management procedures. The list of these parameters depends on the type of service links supported:
· Earth-fixed beams (e.g. GEO and HAPS): For each cell provided by a given satellite, it entails the Cell identifier (NG and Uu) and the Cell’s reference location (e.g. cell’s center).
· Quasi-Earth-fixed beams: 
· For each NG-cell, it entails its identifier, its reference location (e.g. cell’s center), the time window of the successive switch overs (feeder link, satellite), the time window and identifier of all serving satellites and NTN-Gateways, the time window and identifiers of the serving Uu-cell.
· For each UU-cell, it entails the time-windows and identifiers of the active neighbouring Uu-cells
· Earth-moving beams: 
· For each Uu cell provided by a given satellite, it enta	ils its identifier, its elevation wrt satellite, its direction, the time window and identifier of all serving NTN-Gateway, the time window of the successive switch overs (feeder link, satellite), the identifiers of the neighbouring cells (intra satellite as well as inter satellite/intra orbital plane), the time window and identifiers of the active neighbouring cells (inter satellite/inter orbital plane)



Conclusion
See proposals below
Proposal 1: The gNB will be provided via OAM the following NTN control data:
· Actual Ephemeris of all the satellite/HAPS of the NTN system associated to the explicit epoch time when this actual ephemeris was computed.
· FFS about the format (Position Velocity and Time state vectors or Orbital parameters) which will  be decided by RAN1
· Location of the NTN-Gateways associated to the gNB

Proposal 2:
· A NTN-payload switch-over is the procedure where both service and feeder links are simultaneously changed from a source to a target NTN-payload while the NTN gateway remains unchanged.
· Both hard and soft NTN-payload switch-over are applicable to NTN.

Proposal 3:
· A NTN-payload switch may result in transferring established connection for the affected UEs between two cells.
· For soft NTN-payload switch over, a NTN-Gateway may connect to more than one NTN-payload during a given period i.e. a temporary overlap can be ensured during the transition between the NTN-payloads.
· For hard NTN-payload switch over, a NTN-Gateway only connect to one NTN-payload at any given time i.e. a radio link interruption may occur during the transition between the NTN-payloads.

Proposal 4:
· In soft switch, the temporary overlap between the feeder links or between the NTN-payloads is expected to be sufficient for the hand-over of all affected UEs, e.g. at least [TBD] seconds.
· In hard switch, a radio link interruption may occur during the transition between the feeder links or between the NTN-payloads is expected to be in the order of less than [TBD] ms to prevent excessive radio link failure.

Proposal 5:
· The decision to perform a switch over (feeder link or satellite) is coordinated in a central way and assumed to be exactly predictable. It does not preclude dynamic correction of the pre-planned switch overs scheduling in a specific area due to feeder link or satellite impairments. In such case, these corrections could be provided via O&M to selected gNBs.
· soft switch over are supported allowing gNB to configure UEs appropriately to execute the Handover during a time window
· FFS: hard switch

Proposal 6: The mapping between the cells and the NTN beams is pre planned by the NTN control functions and provided to the gNB through configuration. 

Proposal 7: NTN related parameters are provided by O&M to the gNB providing non-terrestrial NR access to support the mobility management procedures. The list of these parameters depends on the type of service links supported:
· Earth-fixed beams (e.g. GEO and HAPS): For each cell provided by a given satellite, it entails the Cell identifier (NG and Uu) and the Cell’s reference location (e.g. cell’s center).
· Quasi-Earth-fixed beams: 
· For each NG-cell, it entails its identifier, its reference location (e.g. cell’s center), the time window of the successive switch overs (feeder link, satellite), the time window and identifier of all serving satellites and NTN-Gateways, the time window and identifiers of the serving Uu-cell.
· For each UU-cell, it entails the time-windows and identifiers of the active neighbouring Uu-cells
· Earth-moving beams: 
· For each Uu cell provided by a given satellite, it enta	ils its identifier, its elevation wrt satellite, its direction, the time window and identifier of all serving NTN-Gateway, the time window of the successive switch overs (feeder link, satellite), the identifiers of the neighbouring cells (intra satellite as well as inter satellite/intra orbital plane), the time window and identifiers of the active neighbouring cells (inter satellite/inter orbital plane)



4. References
[1] 3GPP 38.401 “NG-RAN; Architecture description (Release 15)”


5. Text Proposal 

Here under a Text Proposal on the basis of the draft stg2 BL CR in R3-211344

<<<<<<<<<<<<<<<<<<<< Next Changes Begin >>>>>>>>>>>>>>>>>>>>

16.x	Non-Terrestrial Networks
[RAN2 - TP]
16.x.4 Switch over
[RAN2 - TP]
16.x.4.1 Definitions 
[bookmark: _GoBack]A feeder link switch over is the procedure where the feeder link is changed from a source NTN Gateway to a target NTN Gateway. The feeder link switch over is a Transport Network Layer procedure.
Both hard and soft feeder link switch-over are applicable to NTN.
A NTN-payload switch-over is the procedure where both service and feeder links are simultaneously changed from a source to a target NTN-payload while the NTN gateway remains unchanged.
Both hard and soft NTN-payload switch-over are applicable to NTN.

Editor’s note: The previous statement on feeder link switch is merely capturing a RAN3 agreement. Terminology, definitions, etc. to follow pending to RAN2.
16.x.4.2 Assumptions 
A feeder link switch may result in transferring established connection for the affected UEs between two gNBs.
For soft feeder link switch over, an NTN payload is able to connect to more than one NTN Gateway during a given period i.e. a temporary overlap can be ensured during the transition between the feeder links.
For hard feeder link switch over, an NTN payload only connect to one NTN Gateway at any given time i.e. a radio link interruption may occur during the transition between the feeder links.

A NTN-payload switch may result in transferring established connection for the affected UEs between two cells.
For soft NTN-payload switch over, a NTN-Gateway may connect to more than one NTN-payload during a given period i.e. a temporary overlap can be ensured during the transition between the NTN-payloads.
For hard NTN-payload switch over, a NTN-Gateway only connect to one NTN-payload at any given time i.e. a radio link interruption may occur during the transition between the NTN-payloads.
Editor’s Note: Some clarification on example of the temporary overlap and the interruption time may be provided laterIn soft switch, the temporary overlap between the feeder links or between the NTN-payloads is expected to be sufficient for the hand-over of all affected UEs, e.g. at least [TBD] seconds.
In hard switch, a radio link interruption may occur during the transition between the feeder links or between the NTN-payloads is expected to be in the order of less than [TBD] ms to prevent excessive radio link failure.

The mapping between the cells and the NTN beams is pre planned by the NTN control functions and provided to the gNB through configuration.

16.x.4.3 Operations [FFS] 
The decision to perform a switch over (feeder link or satellite) is coordinated in a central way and assumed to be exactly predictable. It does not preclude dynamic correction of the pre-planned switch overs scheduling in a specific area due to feeder link or satellite impairments. In such case, these corrections could be provided via O&M to selected gNBs.
soft switch over are supported allowing gNB to configure UEs appropriately to execute the Handover during a time window
FFS: hard switch

16.x.4.4 Procedures [FFS]

16.x.5 Signalling [FFS] 
The Cell Identity which is indicated by the gNB to the Core Network as part of the User Location Information (as defined in TS 38.413 [26]) corresponds to a fixed geographical area, irrespective of the orbit of the satellite. The mapping between Cell Identities and geographical areas is configured in the RAN and Core Network.
Editor’s note:	It is FFS how the gNB derives the information required to derive the Cell Identity provided to the CN.
16.x.6	O&M Requirements 
The following NTN related parameters shall be provided by O&M to the gNB providing non-terrestrial NR access:
-	Actual Ephemeris information describing the orbital trajectory information or coordinates for all the NTN vehicles associated to the explicit epoch time when it was computed. This information is provided on a regular basis or upon demand to the gNB. 
Editor’s note: Ephemeris format (Position Velocity and Time state vectors or Orbital parameters) and usage details are FFS.
-	Location of the NTN-Gateways associated to the gNB 

Some further NTN related parameters are provided by O&M to the gNB providing non-terrestrial NR access to support the mobility management procedures. The list of these parameters depends on the type of service links supported:
· Earth-fixed beams (e.g. GEO and HAPS): For each cell provided by a given satellite, it entails the Cell identifier (NG and Uu) and the Cell’s reference location (e.g. cell’s center).
· Quasi-Earth-fixed beams: 
· For each NG-cell, it entails its identifier, its reference location (e.g. cell’s center), the time window of the successive switch overs (feeder link, satellite), the time window and identifier of all serving satellites and NTN-Gateways, the time window and identifiers of the serving Uu-cell.
· For each UU-cell, it entails the time-windows and identifiers of the active neighbouring Uu-cells
· Earth-moving beams: 
· For each Uu cell provided by a given satellite, it enta	ils its identifier, its elevation wrt satellite, its direction, the time window and identifier of all serving NTN-Gateway, the time window of the successive switch overs (feeder link, satellite), the identifiers of the neighbouring cells (intra satellite as well as inter satellite/intra orbital plane), the time window and identifiers of the active neighbouring cells (inter satellite/inter orbital plane)

<<<<<<<<<<<<<<<<<<<< Next Changes Begin >>>>>>>>>>>>>>>>>>>>
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