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1. Introduction
This TDOC clarifies further the feeder link switch over procedure aspects which were discussed during RAN3#110-e and the outcomes reflected in come back 22 (R3-207063) is recalled here after:
“Propose to capture the following (based on R3-206864 as well as R3-207063):
Agreement:
NTN encompasses NTN-GW(s) deployed on ground, NTN payload on board space/airborne vehicle(s) and functions to control the vehicles as well as the radio resources of the NTN payload(s) are out of 3GPP scope.
The feeder link switch-over is controlled by NTN control functions which are out of 3GPP scope.
It is assumed that the gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs 
The execution of feeder link switch over may involve procedures over Xn and/or NG interfaces

Issue 1: By which entity (e.g. NTN control functions) and how (by signalling or OAM)  gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs.  To be further discussed…
Issue 2: The need to exchange updates on cell relation info between RAN nodes via Xn/NG to make proper RRM measurement configuration, and handover preparation (set the target cell id). The details of the procedure/message sequence during feeder link switch over. The principles of how feeder-link switch over works in terms of the role of involved nodes, functions, and exchange of information (taking into account RAN2 outcomes). To be further discussed…
Issue 3: For soft switch over, the need for enhancing features for hand-over and  neighbouring relationship update (e.g. RACH less, RACH attempts distribution, collective hand-over) that will minimize signalling overhead during feeder link switch over (taking into account RAN2 outcomes). To be further discussed
Issue 4: For hard switch over, the need for possible enhancing features to minimize radio link interruption delay. To be further discussed
Issue 5: Relationship between NTN system and gNB. To be further discussed for a possible TP to be included in an annex of 38.300
Issue 6: Further discuss a figure illustrating the feeder link switch considering figures in 8.7.1.1.1/2 of TR38.821 as starting point”

In addition the paper addresses the NTN-station switch over.
It then identifies the need control information that the gNB should expect from the “NTN control function”.
Note that this paper should be read after the NTN architecture paper in R3-210020



[bookmark: OLE_LINK2][bookmark: OLE_LINK1]2. Discussion

NTN encompasses NTN-GW(s) deployed on ground, NTN payload on board space/airborne vehicle(s) and functions to control the vehicles as well as the radio resources of the NTN payload(s) are out of 3GPP scope.
· In terms of architecture aspects , please refer to R3-210020.

During a feeder link switch over, the procedure shall be able to ensure a continuity in the provision of the necessary resources for the established connections of the affected UEs.
A feeder link switch over may be necessary due to e.g. a NTN station moving out of visibility of the NTN Gateway, maintenance or traffic offloading.
The figure below (see TR 38.821) illustrates the feeder link switch over in case of transparent payload scenario:
[image: ]
Figure X.x-1: Feeder link switch over with transparent payload.

Proposal 1: add the above figure in TS 38.300

A soft feeder link switch over ensures a temporary overlap of radio resources provided by both NTN gateway(s) via same or old/new NTN stations during the transition between the cells. The temporary overlap of radio resources is expected to be sufficient for the hand-over of all affected UEs.
A hard feeder link switch over may create an interruption of resources provided by both NTN gateway(s) via same or old/new NTN stations during the transition between the cells. The resulting interruption of radio resources should be sufficiently low to prevent radio link failure for the affected UEs.
Proposal 2: For soft feeder link switch over, a NTN-station 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. The temporary overlap of radio resources is expected to be sufficient for the hand-over of all affected UEs.

The feeder link switch events for each NTN-station can be scheduled by the NTN control function taking into account the actual Ephemeris of the NTN station(s) as well as the management strategy of the radio resources of the NTN infrastructure.

Furthermore, one should also consider another type of switch over where one NTN station is being replaced by another one. Such switch over can be described as:
A NTN station switch over is the procedure where both service and feeder links are simultaneously changed from a source NTN station to a target NTN station. The NTN station switch over is a Transport Network Layer procedure.
A NTN station switch over may be necessary due to e.g. a NTN station moving out of visibility of the NTN Gateway, maintenance or traffic offloading.

Proposal 3: A NTN station switch over is the transport procedure where both service and feeder links are simultaneously changed from a source NTN station to a target NTN station. The NTN station switch over is a Transport Network Layer procedure.

Proposal 4: add following definition in TS 38.300
Switch over: Procedure where NTN’s feeder link and/or service link may be changed for a given targeted area

The figure below illustrates the NTN-station switch over in case of transparent payload scenario:
[image: ]
Figure X.x-1: NTN-station switch over for transparent payload.

Proposal 5: add the figure above in TS 38.300

A NTN station switch may result in transferring established connection for the affected UEs between the radio resources of two NTN-stations.
Proposal 6: A NTN station switch may result in transferring established connection for the affected UEs between the radio resources of two NTN-stations.

Similarly to feeder link switch-over, both hard and soft NTN-station switch over may apply depending on NTN infrastructure characteristics
Proposal 7: Both hard and soft feeder link switch-over are applicable to NTN.

For soft NTN station switch over, a given UE is able to connect to more than one NTN-station during a given period i.e. a temporary overlap can be ensured during the transition between the NTN-stations. The temporary overlap of radio resources is expected to be sufficient for the hand-over of all affected UEs.
For hard NTN station switch over, a given UE only connect to one NTN-station at any given time i.e. a radio link interruption may occur during the transition between the NTN-stations.

Proposal 8:
· For soft NTN station switch over, a given UE is able to connect to more than one NTN-station during a given period i.e. a temporary overlap can be ensured during the transition between the NTN-stations. The temporary overlap of radio resources is expected to be sufficient for the hand-over of all affected UEs.
· For hard NTN station switch over, a given UE only connect to one NTN-station at any given time i.e. a radio link interruption may occur during the transition between the NTN-stations..

The feeder link switch-over is controlled by NTN control functions which are out of 3GPP scope.
It is assumed that the gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs 
As per R3-210020, it may be assumed that the NTN control function has knowledge of
· the actual Ephemeris of NTN stations based on theoretical Ephemeris, NTN-station location measurements and specific extrapolating algorithms
· the overall NTN infrastructure topology (constellation of NTN-stations, NTN-gateways, …)
· the list of all beams per NTN stations and their allocated radio resources (e.g. frequency band, Tx power)
· the time window during which a specific radio link (feeder + service link) can be established between a given NTN-Gateway and targeted areas.

It is up to the NG-RAN to decide how to exploit the NTN infrastructure’s radio resources (beams, frequency bands, Transmit power) to activate the cells and perform the necessary hand-overs for UEs
If we assume that each NTN-gateway is associated to a set of gNBs which can share the radio resources of a given NTN-Stations, 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-station involved.

Proposal 9: The following NTN related parameters shall be provided on a regular basis or on demand by O&M to the gNB providing NR NTN access:
-	The NTN-gateway it is associated to
-	the necessary information, for feeder link switch over events: e.g. the time (of the transition time) and duration of each event, the next NTN-Gateway as well as the radio resources involved
-	the necessary information, for NTN-station switch over events: e.g. the time (of the transition time) and duration of each event, the serving and future NTN-stations as well as the radio resources involved

The execution of feeder link switch over may involve procedures over Xn and/or NG interfaces
Both NG and Xn based hand-over procedure shall be possible. There is not necessarily a Xn interface between gNBs associated to the two NTN-Gateways involved in a feeder link switch over.
Proposal 10: For feeder link switch over, both NG and Xn based hand-over procedure shall be possible.  There are is not necessarily a Xn interface between gNBs associated to the two NTN-Gateway involved.
Proposal 11: For NTN-station switch over, Conditional hand-over procedures shall be possible (FFS).


3. Conclusion
See proposals below

Proposal 1: add the below figure in TS 38.300
The figure below (see TR 38.821) illustrates the feeder link switch over in case of transparent payload scenario:
[image: ]
Figure X.x-1: Feeder link switch over with transparent payload.

Proposal 2: For soft feeder link switch over, a NTN-station 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. The temporary overlap of radio resources is expected to be sufficient for the hand-over of all affected UEs.

Proposal 3: A NTN station switch over is the transport procedure where both service and feeder links are simultaneously changed from a source NTN station to a target NTN station. The NTN station switch over is a Transport Network Layer procedure.

Proposal 4: add following definition in TS 38.300
Switch over: Procedure where NTN’s feeder link and/or service link may be changed for a given targeted area

Proposal 5: add the figure below in TS 38.300
The figure below illustrates the NTN-station switch over in case of transparent payload scenario:
[image: ]
Figure X.x-1: NTN-station switch over for transparent payload.


Proposal 6: A NTN station switch may result in transferring established connection for the affected UEs between the radio resources of two NTN-stations.

Proposal 7: Both hard and soft feeder link switch-over are applicable to NTN.

Proposal 8:
· For soft NTN station switch over, a given UE is able to connect to more than one NTN-station during a given period i.e. a temporary overlap can be ensured during the transition between the NTN-stations. The temporary overlap of radio resources is expected to be sufficient for the hand-over of all affected UEs.
· For hard NTN station switch over, a given UE only connect to one NTN-station at any given time i.e. a radio link interruption may occur during the transition between the NTN-stations..

Proposal 9: The following NTN related parameters shall be provided on a regular basis or on demand by O&M to the gNB providing NR NTN access:
-	The NTN-gateway it is associated to
-	the necessary information, for feeder link switch over events: e.g. the time (of the transition time) and duration of each event, the next NTN-Gateway as well as the radio resources involved
-	the necessary information, for NTN-station switch over events: e.g. the time (of the transition time) and duration of each event, the serving and future NTN-stations as well as the radio resources involved

Proposal 10: For feeder link switch over, both NG and Xn based hand-over procedure shall be possible.  There are is not necessarily a Xn interface between gNBs associated to the two NTN-Gateway involved.

Proposal 11: For NTN-station switch over, Conditional hand-over procedures shall be possible (FFS).


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


4. Annex: Text Proposal (wrt TS 38.300 v16.4.0 and draft stage 2 BL CR)

Based on the above proposals, the following corrections to the stage 2 BL CR are proposed


<<<<<<<<<<<<<<<<<<<< First Changes Begin >>>>>>>>>>>>>>>>>>>>

[bookmark: _Toc20387887][bookmark: _Toc29375966][bookmark: _Toc37231823][bookmark: _Toc46501876][bookmark: _Toc51971224][bookmark: _Toc52551207]3.2	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1], in TS 36.300 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1] and TS 36.300 [2].
[bookmark: _GoBack]
Switch over: Procedure where NTN’s feeder link and/or service link may be changed for a given targeted area


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

16.x.4	Feeder link sSwitch over
16.x.4.1 Definitions
A feeder link switch over is the procedure where the feeder link is changed from a source NTN gateway Gateway to a target NTN gatewayGateway. The feeder link switch over is a Transport Network Layer procedure.
[image: ]
Figure X.x-1: Feeder link switch over with transparent payload.

A NTN station switch over is the procedure where both service and feeder links are changed from a source NTN station to a target NTN station. The station switch over is a Transport Network Layer procedure.
[image: ]
Figure X.x-1: NTN-station switch over with transparent payload.

Both hard and soft feeder link 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, a space-borne vehicleNTN-station is able to connect to more than one NTN-GatewayW during a given period i.e. a temporary overlap can be ensured during the transition between the feeder links. The temporary overlap of radio resources is expected to be sufficient for the hand-over of all affected UEs
For hard feeder link switch over, a NTN-station space-borne vehicle only connect to one NTN-GW at any given time i.e. a radio link interruption may occur during the transition between the feeder links.
For soft NTN station switch over, a given UE is able to connect to more than one NTN-station during a given period i.e. a temporary overlap can be ensured during the transition between the NTN-stations. The temporary overlap of radio resources is expected to be sufficient for the hand-over of all affected UEs
For hard NTN station switch over, a given UE only connect to one NTN-station at any given time i.e. a radio link interruption may occur during the transition between the NTN-stations.

Editor’s Note: Some clarification on example of the temporary overlap and the interruption time may be provided later
16.x.4.3 Operations [FFS]

16.x.4.4 Procedures [FFS]
For feeder link switch over, both NG and Xn based hand-over procedure shall be possible. There are is not necessarily a Xn interface between gNBs associated to the two NTN-Gateways involved.
For NTN-station switch over, Conditional hand-over procedures shall be possible (FFS).

16.x.5	O&M Requirements
The following NTN related parameters shall be provided on a regular basis or on demand by O&M to the gNB providing NR NTN access:
-	Ephemeris information describes the orbital trajectory information or coordinates for a satellite in a constellation.
-	The NTN-gateway it is associated to
-	the necessary information, for feeder link switch over events: e.g. the time (of the transition time) and duration of each event, the next NTN-Gateway as well as the radio resources involved
-	the necessary information, for NTN-station switch over events: e.g. the time (of the transition time) and duration of each event, the serving and future NTN-stations as well as the radio resources involved

Editor’s note: Format and usage details are FFS.

<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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