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[bookmark: _Ref503504522]Introduction
The Rel-18 NR NTN enhancements WID includes the following objectives:
	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]



During RAN2#119bis-e, the following agreements related to handover enhancements were reached:
	Agreements
1.	RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling and if there is real benefit (in terms of signalling overhead reduction) in this
2.	Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)

Agreements:
1.	Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits

Agreements:
1.	RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)
2.	New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 
	•	RAN1 impact
	•	The need to perform UL beam switching and/or RA 
	•	Applicability to hard or soft satellite switching



In this contribution we address a possible signalling overhead reduction scheme.
Discussion
Among the IEs that could match "some information in the handover command that can be common to all UEs, can be delivered to UEs in common signalling", the NTN-config IE is special and might be handled separately.
Indeed:
· It is already possible in Rel-17 to deliver it via common signaling (broadcasted in NTN-NeighCellConfig-r17 IE from source cell SIB19)
· Contrary to other cell specific IEs, it is useful also for IDLE UEs and needs to be updated often (max every 240s for NGSO).
Moreover, it was already agreed that the UE can use the target NTN-config broadcasted in source cell instead of the one in HO/CHO message. Half of the work is done, and it should be straightforward to complete it.
[bookmark: _Ref118423327]Observation 1: The target cell NTN-config IE in HO/CHO may already be broadcasted in source cell and is a low hanging fruit for Signaling Overhead Reduction of HO/CHO

Using target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO
At last meeting, the following agreement was reached for Rel-17: 
Agreements online:
1. [bookmark: _Hlk118383045]Whether the UE uses the target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO is up to UE implementation (FFS on spec impact)

While in CONNECTED in the source cell, the UE receives SIB19 updates regularly (this is required for serving cell synchronization purpose, i.e. keeping T430 running). The agreement above allows the UE to benefit from a more recent target cell NTN-config it may have received "for free" from such SIB19 update (from NTN-NeighCellConfig-r17). This can e.g. enable a UE to avoid acquiring SIB19 in the target cell when the target NTN-config included in a CHO message had already expired.
This is exemplified in the figure below


Figure 2 - Using SIB19 Target cell NTN-config for CHO

However, from Rel-17 agreement, whether the UE uses the target cell NTN-config in NTN-NeighCellConfig-r17 IE is up to UE implementation. 
[bookmark: _Ref118423332]Observation 2: In Rel-17, using the target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO is up to UE implementation
This means that there is no requirement for the UE to actually use it. Hence, the network would have to assume the UE may not use it – and still provide NTN-config within the HO/CHO message.
[bookmark: _Ref118423333]Observation 3: In Rel-17, the NW cannot rely on the UE using "target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO" and would still need to provide NTN-config in HO/CHO

Rel-17 behavior upon NTN-config omission in HO/CHO
The NTN-config IE is included as an optional Need R field within ServingCellConfigCommon IE, which is included as a Need M field in ReconfigurationWithSync message. If NTN-config IE is omitted, the stored NTN-config IE is released. That is to say, there is no delta signaling from ASN.1 perspective, which makes sense as this IE is timestamped by the epoch time which is related to when the message is received.
[bookmark: _Hlk118416768]The current RRC specification 38.331 [3] links the starting of T430 to the NTN-config included in HO message:
	The UE shall perform the following actions to execute a reconfiguration with sync.
1>	stop timer T430 if running;
1>	start timer T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime, if included in the reconfigurationWithSync for target SpCell;



This might be updated in Rel-17 to allow starting T430 according to target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 (see our Rel-17 contribution).
We note that if NTN-config was omitted from HO/CHO, the UE would upon HO/CHO execution in Rel-17:
· Stop T430 timer
· Then either
· Restart T430 timer based on target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 (assuming Rel-17 is specification updated as per our Rel-17 contribution), if that information is available to the UE (up to UE implementation to use it, and also up to NW implementation to send it) 
· Not restart T430 timer

As it can be seen, in Rel-17, the UE may not restart T430 timer at all. This would lead to:
· Not perform T430 expiry procedure  not inform lower layers that UL synchronization is lost, not acquire SIB19
Hence, UE would be in an abnormal state where T430 is not running while UL synchronization is maintained. We believe this means that in Rel-17, the NW is not expected to omit NTN-config in HO/CHO.
[bookmark: _Ref118418283]Observation 4: In Rel-17, the NW has to include NTN-config in HO/CHO to prevent unexpected behavior 

Allowing NTN-config omission in HO/CHO
In Rel-18, we think it is important to allow the NW to omit NTN-config IE in HO/CHO while ensuring that the UE would rely on previously received NTN-config. This would allow important signaling overhead reduction (the NTN-config bears the whole ephemeris / common TA information) at a minimal specification cost since half of it is already implemented.
[bookmark: _Ref118423334]Proposal 1: Allow the NW to omit NTN-config IE in HO/CHO while ensuring UE uses a previously received NTN-config
We think there may be 2 different cases to consider when omitting NTN-config IE in HO/CHO:
a) UE uses the target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19
This case corresponds to the most common case, in which the UE applies a new NTN-config. It corresponds to inter-satellite handover, or intra-satellite handover with feeder link switch scenarios.
b) UE uses the current (last used) NTN-config
This case corresponds to a more particular case, in which the UE would continue to use the same NTN-config. It would apply to intra-satellite handover (without feeder link switch), which seems less common.
Hence we will first focus on a) before looking at b).

To achieve Proposal 1, an additional requirement on UE is needed compared to Rel-17 where usage of such previously received NTN-config is left to UE implementation.
[bookmark: _Ref118423335][bookmark: _Hlk118422438][bookmark: _Hlk118422051]Proposal 2: When NTN-config IE in HO/CHO is omitted, the UE shall use target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO
The above proposal seems easily achievable as long as the NW includes the corresponding info in SIB19, and if the epoch/validity duration are aligned between the source serving cell and the target cell. Indeed, as SIB19 is updated to maintain the UL synchronization information for source serving cell, that would ensure that the target cell UL synchronization information is automatically maintained.
In the general case though, the epoch/validity duration of serving and neighbor may not be aligned in SIB19. In such case, to ensure Proposal 2 feasibility, the UE may have to read/receive SIB19 more often such as the target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 is valid at the time of HO/CHO execution.
We think this could be requested by the NW through an indication in e.g. the Measurement Configuration.
[bookmark: _Ref118423336]Proposal 3: Add an indication (e.g. in MeasConfig) requesting the UE to keep the NTN-config(s) for the corresponding frequency (in NTN-NeighCellConfig-r17 IE)  up-to-date 
If case b) needs to be handled, this could be implemented as a default choice: if NTN-config is omitted in HO/CHO, and the target cell NTN-config is not provided in SIB19, the UE keeps the current NTN-config.
[bookmark: _Ref118423337]Proposal 4: When NTN-config IE in HO/CHO is omitted, if target cell NTN-config is not included in NTN-NeighCellConfig-r17 IE from source cell SIB19, the UE shall use the current NTN-config for HO or CHO

Conclusion 
In this contribution, we make the following observations and proposals:
Observation 1: The target cell NTN-config IE in HO/CHO may already be broadcasted in source cell and is a low hanging fruit for Signaling Overhead Reduction of HO/CHO
Observation 2: In Rel-17, using the target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO is up to UE implementation
Observation 3: In Rel-17, the NW cannot rely on the UE using "target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO" and would still need to provide NTN-config in HO/CHO
Observation 4: In Rel-17, the NW has to include NTN-config in HO/CHO to prevent unexpected behavior
Proposal 1: Allow the NW to omit NTN-config IE in HO/CHO while ensuring UE uses a previously received NTN-config
Proposal 2: When NTN-config IE in HO/CHO is omitted, the UE shall use target cell NTN-config in NTN-NeighCellConfig-r17 IE from source cell SIB19 for HO or CHO
Proposal 3: Add an indication (e.g. in MeasConfig) requesting the UE to keep the NTN-config(s) for the corresponding frequency (in NTN-NeighCellConfig-r17 IE)  up-to-date
Proposal 4: When NTN-config IE in HO/CHO is omitted, if target cell NTN-config is not included in NTN-NeighCellConfig-r17 IE from source cell SIB19, the UE shall use the current NTN-config for HO or CHO
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