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1. Introduction 
RAN2 has agreed following in the RAN2#111e meeting.
1. In Rel-17, only UEs with GNSS capabilities are supported
2. Both Earth fixed and earth moving beam scenarios are considered with NGSO constellation.
3. Both soft and hard feeder link switchover (e.g. for Non GSO) are supported.
	Note: This requires satellite to be connected to one NTN GW at a time (hard switch) or at least two NTN GWs simultaneously (soft switch).
4. RAN2 to start discussing enhancements for soft feeder link switchover and then solutions for hard feeder link switchover. 

In this document, we discuss the solution for cell reselection when satellite switches gateway for both moving cell and fixed cell scenarios.
2. Discussion 
Moving radio cell scenario
When radio cell is moving, several UEs may need to be handed over to a new cell at any given point of time. This could lead to congestion due to many HO commands (i.e., RRCReconfiguration with sync messages). In this case, to reduce the handover rate, the multiple beams may be configured to operate as a single cell. Beam switching within a cell can be handled by beam management, i.e., L1 signalling.
Fig 1 shows an example how soft gateway switch can be performed.
(1) When it is time to switch the gateway, the satellite will be connected to both GW1 and GW2. 
(2) With GW1, satellite keeps cell 1 and keeps serving current UEs (i.e., UE2). So current UEs in cell 1 see no change until new satellite cell (Z3) takes over.
(3) With GW2, satellite broadcasts new cell 3 and all UEs (i.e., UE1) in beam B1 of SAT B will reselect the new cell 3 (not cell 1). For these UEs, this will be simply intra-gateway inter-satellite cell reselection or service link switch.


Figure 1 Gateway switch in moving radio cell scenario
With soft gateway switch (i.e., satellite is connected to two gateways at a time), it is possible to reduce UE impact on measurement and cell reselection, i.e., by performing cell reselection only when satellite or cell is changing. The gateway switch for satellite can be arranged together with satellite switch for UE.
[bookmark: _Toc53487575][bookmark: _Toc53489089][bookmark: _Toc53489772][bookmark: _Toc54096899][bookmark: _Toc54279710][bookmark: _Toc54292322]For gateway switch in moving radio cell with satellite connecting to two gateways at a time, gateway switch can be arranged together with satellite switch.
However, when satellite is connected to two gateways at the same time, some UEs (e.g. UE1 in Fig1) will see two cells to select from during transition period. One cell (Cell 1 in Fig1) belongs to new gateway (GW1 in Fig1) and the other cell (Cell 3 in Fig1) will belong to UE’s current gateway (GW2 in Fig1). Therefore, a mechanism is needed as UE1 does not need to select Cell 1 in the Fig1.
In case of RRC_IDLE, it could be sufficient that the cell which is going to be off soon indicates in MIB that the cell is barred during gateway switching period when new cell appears. However, this approach is not fair for some UEs staying in the same geo-location where satellite needs to switch gateway. Since gateway location is fixed, the gateway switch could be geo-location specific. For example, in Fig1, UE1 always sees gateway switch whereas UE3 may never see gateway switch if they remain in their respective locations.
[bookmark: _Toc53487576][bookmark: _Toc53489090][bookmark: _Toc53489773][bookmark: _Toc54096900][bookmark: _Toc54279711][bookmark: _Toc54292323]Since gateway locations are fixed, gateway switch could be geo-location specific.
[bookmark: _Toc4628301][bookmark: _Toc4689599][bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]However, it is also possible that a UE in each geographic location (UE has not moved) is always connected to the same gateway. For example, in Fig1, UE1 always selects the cell that is connected to GW2 whereas UE2 always selects the cell that is connected to GW1. Simple way to achieve this is to prioritize reselection of a cell that belongs to the same gateway. RTD can be used as an indication of gateway.
In case of RRC_CONNECTED, this mechanism is also useful to reduce signalling overhead as HO rate is reduced, for example, UE2 does not need to be handed over from GW1 to GW2.
[bookmark: _Toc53487578][bookmark: _Toc53489092][bookmark: _Toc53489774][bookmark: _Toc54034315][bookmark: _Toc54096902][bookmark: _Toc54279713][bookmark: _Toc54292325]For gateway switch in case satellite is connected to two gateways at the same time in moving cell scenario, consider prioritization to reselect cell with current gateway.
It was agreed that hard switch (i.e., satellite is connected to only one gateway) is also supported. In case of moving radio cell, hard switch can be very in-efficient in terms of UE power and service interruption. Some UEs in specific geo-location will always suffer cell reselection or handover due to gateway switch in addition to cell reselection or handover due to cell switch or satellite switch.
[bookmark: _Toc53489093][bookmark: _Toc53489775][bookmark: _Toc54034316][bookmark: _Toc54096903][bookmark: _Toc54279714][bookmark: _Toc54292326]RAN2 discuss whether to support hard gateway switch in case of moving radio cell scenario.
Temporary fixed radio cell scenario
When radio cell is temporarily fixed at a geo-location, UEs can stay in the same cell for a certain duration. However, when feeder link needs to be switched in the middle of this duration, increased HO rate is very in-efficient in terms of resource utilization and UE power consumption. As described in section 2.2, gateway switch could be geo-location specific, UEs in this geo-location will suffer heavily as there could be handover due to satellite switch as well as additional handover due to gateway switch.


Figure 2 gateway switch in earth fixed radio cell scenario.
In case of fixed radio cell, deployment can also minimize this issue. For example, when satellite leaves a geo-location coverage and starts taking over the new geo-location coverage, the satellite can switch to new gateway as shown in Fig2. In this case, the satellite does not need to be connected to both gateways.
In RRC_CONNECTED, there is no handover required due to gateway switch but only handover due to satellite switch.
In RRC_IDLE, existing barring mechanism in MIB can be re-used. For example, in Fig. 2, the cell2 from SAT B indicates cell barring in MIB such that UEs will select the new cell that is going to take over the area.
[bookmark: _Toc53487579][bookmark: _Toc53489094][bookmark: _Toc53489776][bookmark: _Toc54034317][bookmark: _Toc54096904][bookmark: _Toc54279715][bookmark: _Toc54292327]In case of earth fixed cell, it is up to network to arrange gateway switch for satellite together with satellite switch for UE.
[bookmark: _Toc53487580][bookmark: _Toc53489095][bookmark: _Toc53489777][bookmark: _Toc54034318][bookmark: _Toc54096905][bookmark: _Toc54279716][bookmark: _Toc54292328]In case of earth fixed cell, existing barring mechanism in MIB is used by the cell of the outgoing satellite.

3. Conclusion
Following observations are made.
Observation 1.	For gateway switch in moving radio cell with satellite connecting to two gateways at a time, gateway switch can be arranged together with satellite switch.
Observation 2.	Since gateway locations are fixed, gateway switch could be geo-location specific.

Following proposals are made.
[bookmark: _GoBack]Proposal 1	For gateway switch in case satellite is connected to two gateways at the same time in moving cell scenario, consider prioritization to reselect cell with current gateway.
Proposal 2	RAN2 discuss whether to support hard gateway switch in case of moving radio cell scenario.
Proposal 3	In case of earth fixed cell, it is up to network to arrange gateway switch for satellite together with satellite switch for UE.
Proposal 4	In case of earth fixed cell, existing barring mechanism in MIB is used by the cell of the outgoing satellite.
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