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1. Introduction
In RAN3#101bis, RAN3 discussed NTN mobility online and offline, some agreements have been captured in the TR 38.821 [1].  
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However, this issue was not addressed in RAN3#102. In this contribution, we will further study NTN mobility aspects and provide relevant proposals.
2. Discussion
NTN scenarios:
Scenario A: Transparent GEO (NTN beam foot print fixed on earth)

Scenario B: Regenerative GEO (NTN beam foot print fixed on earth)

Scenario C1: Transparent LEO (NTN beam foot print fixed on earth)

Scenario C2: Transparent LEO (NTN beam foot print moving on earth)

Scenario D1: Regenerative LEO (NTN beam foot print fixed on earth)

Scenario D2: Regenerative LEO (NTN beam foot print moving on earth)
In this contribution, we will focus on the scenarios C2 and D2 when considering the NTN mobility.
2.1 Idle mode mobility
For C2, the moving cells are fed by the gNB fixed on earth for a period of time, and then the next gNB on earth will provide some other cells via the transparent LEO. For D2, one satellite will take its cells sweeping the ground. 

For a given UE on ground, the UE mobility is caused by the moving of UE and the moving of the cells. We could assume the reselection means for NR could be reused. UE should do corresponding measurement (intra/inter frequency, inter RAT) according to the measurement configuration. And UE could reselect to the other cell when reselection criteria is fulfilled.

Different to LTE/NR, in the LEO system, the signal strength in the center of the cell is not very different from the edge, thus NR cell reselection criteria should be further considered whether it could be reused for NTN or need some enhancement/adjustment. This work should be done in RAN2 and RAN1, no RAN3 impact is foreseen. 
Observation 1: the signal strength in the center of the cell is not very different from the edge. 
Proposal 1: Cell reselection criteria for NR should be revisited in RAN1/RAN2 whether it could be reused or need to be refined for NTN, no impact to RAN3 is foreseen.
For the UE which have the ability of positioning, it could reselect to the proper cell if it has the knowledge about ephemeris. The info could be pre-configured, or downloaded to UE via wired or wireless connection in advance. More details on ephemeris based cell reselection should be further studied.
Proposal 2: Positioning and ephemeris based cell reselection should be further studied. 
2.2 Inactive support in NTN
Basically, introducing Inactive mode in NR is to save the HO signallings  and reduce the latency when UE resume the suspended traffics.

But for NTN, with the moving RAN and the moving cell, the situation is totally different with NR. To support inactive may require to fetch the UE context from the last serving RAN via multi-hop inter satellite interfaces (ISL) or via NG interface, even if UE is not moved. And the latency of context fetch is also very big, no benefit is foreseen compared to establish a new RRC connection.

Let’s take scenario D2 for the example:
If RNA only covers a few cells under a satellite, an inactive UE have to do RNA  update in very short time after it was sent to inactive state, because the cells of the RNA moves fast together with the satellite. Obviously, this will increase the signalling cost of the whole system, it’s not good for power consumption.

Observation 2: RNA configuration with small area, e.g. a few cells under the serving satellite, mobility triggered RNAU may happen frequently as the satellites moves very fast.

If RNA covers the cells or RAN areas of a few neighboring satellites, the RNAU will not happen so frequently. But when UE resumes or RNAU, the new serving gNB may not adjacent to the last serving gNB, then it needs to retrieve the UE context from the last serving gNB via NG interface or multiple hops of ISL interfaces.

If RNA covers even bigger area, e.g. a few tracking areas, and the tracking areas are ground fixed. Most of the inactive UEs may not move out of the configured TA list, thus no mobility triggered RNAU. However, for service triggered resumption or periodic RNAU, UE may access to the satellite far away from the last serving gNB. Then the context retrieval have to be done via NG interface or multiple hops of ISL, extra complexity and latency  are introduced.
If RNA covers a few tracking areas and the tracking areas are beam fixed. With the mobility of the satellite, UE will move out of the RNA, and trigger the RNAU procedure. The context retrieval between two nonadjacent satellites may also happen.

Observation 3: if a RNA across a few satellites, when UE resumes or moves out of the RNA, the new serving gNB may have to retrieve the UE context from the nonadjacent anchor gNB, which requires to fetch the UE context via NG or multi hops of ISL interfaces.

In case of CU-DU split for scenario D2, DUs are on board of the satellites, and CUs are fixed on earth. When sending a UE into inactive state, UE context is kept in the last serving CU, the DU will not keep the UE context and F1 connection for the UE is released. In most of the case, UE resumes from the last serving CU, no context fetch is needed. If UE moves out of the configured RNA, or resumes from another CU within the RNA, the context fetch will happen between the neighboring CUs.

Observation 4: In CU-DU split case, it’s easier to support inactive in NTN.

Proposal 3: Not so essential to support inactive in NTN, it is suggested to low prioritize the study for supporting of inactive in NTN.
2.3 Connected mode mobility
There are different types of hand-overs in Non-Terrestrial networks:
· Intra-satellite hand-over (between cells served by same satellite)

· Inter-satellite hand-over (between cells served by different satellite)

· Inter-access hand-over (between cellular and satellite access)

It is FFS the applicable procedures (Inter or Intra gNB hand-over)
2.3.1 Intra-satellite hand-over
For scenarios A, B, C1, D1, cell is fixed on earth, intra-satellite handover is triggered by the mobility of the UE, when a UE moves from one cell to another. For C2 and D2, the intra satellite HO is triggered by the moving of UE and the satellite.


[image: image2.emf]1

6

2

3

7

9

8

4

5

Satellite moving direction

UE 

“

moving

”

direction

Cell moving direction


Figure 1. Example of Intra-satellite handover for Scenario D2
Take Scenario D2 as an example, as shown in the figure above, the moving of the satellite (red arrow) makes the UE “moving” in the opposite direction (blue dotted arrow). UE will intra-satellite handover from cell 1 to 2 to 3… 

We understand that HO between the cells served by the same satellite has no difference with intra gNB handover in NR. Based on the measurement report, gNB just need to reconfigure the UE with the resources of the target cell. However, whether signalling strength based measurement could be reused to support the handover should be further studied in RAN1/RAN2.

Proposal 4: Intra gNB inter cell handover procedure could be applied for intra-satellite handover.

Proposal 5: RAN1/RAN2 should further evaluate whether the signalling strength based measurement could be used to support the connected mode mobility in NTN. 

2.3.2 Inter-satellite hand-over
Let’s also take D2 for example, the moving of satellites will result in the UE moving from cell 1 of satellite A to the overlapped area of satellite A and satellite B, i.e. the overlapped area of cell 5 and cell 11 in the below figure. Satellite A decides to handover the UE to cell11 of satellite B according to UE’s measurement report (RSCP, positioning or others are FFS.) then the source gNB should trigger HO preparation procedure towards the target gNB via Xn or NG interface. The handover preparation and execution procedures have no difference with inter gNB handover in NR.
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Figure 2. Example of inter-satellite handover for scenario D2
Proposal 6: Xn and NG Inter gNB handover procedure could be applied for inter-satellite handover.

2.3.3 Inter-access hand-over
When UE moves to the overlapped area of NTN cell and terrestrial cell, UE may handover between the two systems. That depends on the operator’s strategy and measurement configuration. 
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Figure 3. Example of inter access handover between NTN and terrestrial network
As both of the two systems provide NR access, the inter-access handover could be treated as normal inter gNB handover of NR. To support the inter access handover, in some area, the serving gNB of the UE should provide corresponding measurement configuration to the other system. E.g. the gNB on the satellite should provide the measurement configuration with the potential terrestrial neighbor cells, if the gNB would like or allowed to handover the UE to terrestrial network to get better services.

For C1,C2, the gNB of the NTN system is on earth, both Xn and NG handover are both possible, depends on the deployment. For D1,D2, the gNB of the NTN system is in the air, while the terrestrial gNB is on earth, NG handover should be possible.
Proposal 7: Inter gNB handover procedure could be applied for inter-access handover.

Based on the observation 1, it’s assumed the signalling strength based measurement may not be enough to support both idle mode and connected mode mobility. For C2/D2, a possible solution is to trigger handover base on the positioning of the UE if supported, if the serving gNB could get the accurate geographical location of a UE, it could deduce when the next cell arriving at this area according to the precise ephemeris. The report of the positioning info is controlled by the gNB, it could be event triggered or periodically. More details could be further studied; RAN1 and RAN2 output on measurement should be taken into account.
Proposal 8: Positioning and ephemeris based handover should be further studied. 
In case of positioning of the UE could not be obtained, signalling strength based measurement and handover could also be applied as the baseline. E.g. the UE measures the signalling strength of the network configured neighbor cells, if a measured cell could satisfy the precondition, e.g. the signalling strength is greater than a certain threshold for a period of time, it reports to the network, gNB could decide to handover to that cell or not base on its knowledge.
Proposal 9: In case positioning of the UE is not supported, signalling strength based measurement and handover should be applied.
3. Conclusion 

In this contribution, we discussed the idle, inactive and connected mode NTN mobility and provided the observations and proposals as below:
Observation 1: the signal strength in the center of the cell is not very different from the edge. 
Proposal 1: Cell reselection criteria for NR should be revisited in RAN1/RAN2 whether it could be reused or need to be refined for NTN, no impact to RAN3 is foreseen.
Proposal 2: Positioning and ephemeris based cell reselection should be further studied. 
Observation 2: RNA configuration with small area, e.g. a few cells under the serving satellite, mobility triggered RNAU may happen frequently as the satellites moves very fast.

Observation 3: if a RNA across a few satellites, when UE resumes or moves out of the RNA, the new serving gNB may have to retrieve the UE context from the nonadjacent anchor gNB, which requires to fetch the UE context via NG or multi hops of ISL interfaces.

Observation 4: In CU-DU split case, it’s easier to support inactive in NTN.

Proposal 3: Not so essential to support inactive in NTN, it is suggested to low prioritize the study for supporting of inactive in NTN.

Proposal 4: Intra gNB inter cell handover procedure could be applied for intra-satellite handover.

Proposal 5: RAN1/RAN2 should further evaluate whether the signalling strength based measurement could be used to support the connected mode mobility in NTN. 

Proposal 6: Xn and NG Inter gNB handover procedure could be applied for inter-satellite handover.

Proposal 7: Inter gNB handover procedure could be applied for inter-access handover.

Proposal 8: Positioning and ephemeris based handover should be further studied. 
Proposal 9: In case positioning of the UE is not supported, signalling strength based measurement and handover should be applied.
4. Reference

[1]. TR38.821 Solutions for NR to support non-terrestrial networks, v0.2.0
[2]. R3-186257 Email: # 1_NTN_Mob_mgmt_principles
[image: image5.png]



8.x	Tracking area management (FFS)


The concept of Registration and Tracking areas pertains in the context of Non-Terrestrial networks, and is similar to NR based cellular system in following aspects:


a tracking area corresponds to a fixed geographical area.


tracking areas (TA) is utilized for UE access control, location registration, paging and mobility management.


a registration area encompasses one or several tracking areas.


The objective is to track the UE, in order to minimize the use of radio resources for paging.


For scenarios A, B, C1 and D1, the NTN cells are fixed on the ground. Hence a tracking area may correspond to one or several NTN cells. The 3GPP-defined tracking area management and paging procedures can apply as is.


For scenarios C2 and D2, the NTN cells move on the ground as the satellites move on their orbital planes. This requires some adaptations to the TA management and paging procedure.


Note: For scenarios C1, the TA list and paging messages could be sent by the same gNB to the NTN cell via all satellites covering this NTN cell.


Note: For scenarios D1, the TA list and paging messages could be sent by the gNB on board all satellites covering this NTN cell.





Hence we shall focus the study on scenario C2 and D2 for the idle/inactive mode mobility.





The main idea is to decouple the TA management from the NTN cell pattern. In that case, registration and tracking areas are arbitrary geographical areas defined by the operator. (FFS)





It is assumed that not all UEs are capable of positioning.


8.y	Connected mode mobility (FFS)


There are different types of hand-overs in Non-Terrestrial networks:


Intra-satellite hand-over (between cells served by same satellite)


Inter-satellite hand-over (between cells served by different satellite)


Inter-access hand-over (between cellular and satellite access)





It is FFS the applicable procedures (Inter or Intra gNB hand-over)





An inter-access hand-over (between cellular and satellite access) is considered by utilizing an inter gNB procedure via the 5GCN (e.g. for Satellite with on board processed payload) or via the Xn (e.g. for satellite with transparent payload).





It is assumed that not all UEs are capable of positioning.
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