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1	Introduction
[bookmark: _Toc474247438]This contribution discusses the RAN3 related aspects on the Mobility and Service Continuity Enhancements in NR NTN.
2 Discussion
WID ([1]) describe the following objective for RAN3:
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements
 This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.
 Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]

Observation 1: The enhancements for cell (re)selection are mainly in RAN2 scope. RAN3 should wait for RAN2 progress. 
The major objectives related to RAN3 is about the handover. 
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]

One of the techniques to minimize the signalling overhead associated with handover is to allow keeping CHO commands after HO execution. This has been considered in various papers submitted to Rel-17 NTN work item. As in NTN scenario the sequence of next serving cells can be predicted with high probability (assuming the UE does not move significantly, compared to the satellite coverage), we see some value in preparing the UE for multiple cell hops in advance. As shown in Fig. 1, a single satellite may provide coverage of several cells. UE is relatively static, at least compared to the velocity of the satellite, so it is quite likely the UE will be served by cell B directly after being served by cell A.
[image: ]
[bookmark: _Ref110930695]Fig. 1: Current serving and next prepared cells in the chain of CHOs
In such case, it would make sense if the UE is provided in advance with the cell-specific resources/configurations for one or more next serving cells. Such set of configurations can be also equipped with time validity, in order not to reserve too many resources on the network side much earlier than needed. The expected time of stay can be used for roughly assessing when each UE is expected to access subsequent CHO candidate cells.

When the UE accesses the next prepared cell (cell B in the example depicted in Fig. 1) it may inform the new serving cell of the presence of CHO chain configuration (e.g. in case the chain has not been properly propagated over the network nodes, including the UE’s unique identifier so that the subsequent cells are able to determine for which users the resources were reserved). That would allow the new serving cell to determine if the chain of CHO configurations is valid or the UE shall be perhaps reconfigured. 

We feel this kind of approach is an attractive and efficient addition to NTN system. Thus, it shall be seriously considered in Rel-18 NTN framework as a means to reduce the signalling overhead during the NTN-NTN mobility relying on CHO, where the UE can be provided with CHO configurations for cells beyond the next cell change (future candidate cells).

In order to reduce the signalling it is important to maximize the time of stay on the cell/minimize the number of handovers. This is especially challenging when the cells are moving (in addition to UE’s movement). During the Rel-17 discussions, it was underlined that in Earth-fixed scenario, the UE might reselect or handover to a cell which has a larger t-Service (i.e. will provide coverage over certain area for a longer time).

However, in Earth-moving case the issue is not straightforward to resolve. If the UE has a choice of multiple cells to which it can reselect (when in IDLE) or handover (when in CONNECTED), the UE may choose a cell whose footprint is not about to disappear shortly after accessing that cell. But in order to be able to do it, the UE must know a bit about the cell layout and how does it move with respect to UE’s current position. This can be in the form of partial/local cell layout data depending on the UE position/cell. Alternatively, the use of a pre-defined set of cell layouts (satellite footprint) can be considered. For example, this can be expressed as a list of the relative geometry/location of the beam centers on Earth. Other options are not precluded.

These issues need to be first discussed in RAN2. It is preferred to wait for RAN2 progress.

Observation 2: The above outlined solution shall be a good addition to Rel-18 NTN solution framework to reduce the signalling overhead during the NTN-NTN mobility relying on CHO.

Proposal 1: RAN3 wait for RAN2 progress on mobility enhancement. 

· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]

Figure 2 captures the RAN3 envisioned NTN system 




Fig. 2: RAN3 envisioned NTN system
The NTN control function provides to the gNB among other things, the timing information of feeder link switch. For feeder link switch-over, Rel-17 defines “The NTN Control function (see Annex B.4) determines the point in time when the feeder link switch over between two gNBs is performed.” It is rare that a satellite is out of service. Even it happens, the NTN Control function is aware of it and can take appropriate action, e.g. reconfigure the point in time when the feeder link switch over is performed. So it is unclear what enhancement may be needed for FLSO. 

Observation 3: It is unclear, what further enhancements may be needed for FLSO.

Propose 2: Enhancement for feeder link switch-over need to be justified, and the scenario need to be clarified. 

In current CHO, target gNB prepares the resources in advance for the UE. In case the CHO is not performed, source gNB initiate a Handover Cancel procedure to inform the target gNB, so the target gNB release the reserved resource. The Handover Cancel procedure also supports to cancel some cells prepared for conditional handover.  In CHO for NR NTN, new trigger condition {T1, T2} was introduced. Current mechanism via Handover cancel procedure can also be used for NR NTN CHO.  CHO for NR NTN may be considered as a special case of normal CHO that target cell reserved resource from the handover preparation procedure till the handover is cancelled, while the CHO for NR NTN reserve the resource from T1 and release the resource at T2. 

The RTT will be different for source gNB and target gNB, so target gNB cannot make the decision based on {T1, T2}, for example, due to the RTT, the UE may connect with the target gNB not at the exact time of T2. Target gNB may not know the UE’s actual location, so target gNB may not be to make a decision on when the reserved resource should be released. It is safer that target gNB release the reserved resource based on an explicit indication from source gNB, I.e. the HANDOVER CANCEL message.

Even in case {T1, T2} needs to be transferred to target gNB, it can be carried in RRC container, without the impact to RAN3. 

Since RAN2 will discuss the CHO related issue, it is preferred to wait for RAN2 discussion. 

Observation 4: the scenario and the benefit for the mobility enhancement for CHO need to be clarified.

Propose 3: RAN3 wait for RAN2 progress on CHO.
3	Conclusions
In this contribution, we briefly analyzed the support for mobility enhancements. Our proposals are:
Proposal 1: RAN3 wait for RAN2 progress on mobility enhancement. 
Propose 2: Enhancement for feeder link switch-over need to be justified, and the scenario need to be clarified. 

Propose 3: RAN3 wait for RAN2 progress on CHO.
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