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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]
· […]
· 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]
· […]



During previous meetings, the following agreements related to unchanged PCI solution were reached:
	Agreements:
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

Working Assumption: 
1.	In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.



In this contribution, we consider some aspects of the unchanged PCI solution.
Discussion
The aim of “satellite switching without PCI changing” would be to avoid handover procedure. This seems very attractive; however, it raises some concerns that we detail below. 
Interruption time
In [1], the authors detailed the motivation in “2.1 Motivation for PCI unchanged”. There is no doubt a main motivation would be to reduce the handover signalling overhead – since the legacy L3 handover procedure is completely avoided, this is a huge benefit of the approach. However, another described motivation is the service interruption due to handover:
Observation 2 (from) : the minimum delay during handover execution in terrestrial scenarios is about 23.4ms, which will be extended in NTN scenarios. This will significantly impact the user experience. This means that the service will be interrupted in more than 23.4 ms, per seconds, tens of seconds or hundreds seconds.
The interruption time depends of several factors, including UE/BS implementation, NW configuration. We think a fair approach is to consider existing RAN4 requirements and assumptions to analyse whether there would be a benefit (in a first approximation). 
The interruption time at handover is defined in 38.133 as
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
[bookmark: _Hlk131766590]Where:
-	Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
-	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
-	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and [x] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
-	Trs is the SMTC periodicity of the target NR SAN cell […]

The general assumption in 38.133 test parameters is TIU = Tprocessing = T∆ = 20ms, and Tmargin = 2ms, resulting in Tinterrupt = 62ms.
We believe PCI unchanged solution might remove Tprocessing but would add Tsearch (in case of hard satellite switch, which is the scheme currently considered by RAN2). Keeping similar assumptions as in 38.133, Tsearch = Trs = 20 ms, so there would be no change in the interruption time compared to existing scheme.
[bookmark: _Ref131780068]Observation 1: “Reusing PCI after satellite changes” does not improve interruption time

Impact on Rel-17 UEs
Interruption time
The Rel-17 main mechanism for mobility mostly relies on soft switch, with a temporary overlap between source and target cells. That enables synchronization of the target cell in advance, reducing the interruption time. If hard switch is required, Rel-17 UEs deployed on such Rel-18 “reusing PCI” network would suffer impact on handover interruption.
More specifically, taking existing assumptions in 38.133:
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
So far Tinterrupt = 62ms, as described above. Rel-17 UEs would have an additional penalty of Tsearch = 20ms, within the benefit of removing Tprocessing, leading to Tinterrupt = 82ms compared to existing approach. 
[bookmark: _Ref131780073]Observation 2: “Reusing PCI after satellite changes” increases interruption time for Rel-17 UEs

Target cell synchronization
Another possible concern is the behaviour of such legacy UEs in case of same cell handover. 
From 38.331, in case of handover (Reconfiguration with sync) the UE is supposed to perform synchronization:
2> start synchronising to the DL of the target SpCell;
However, in general, the target cell of a handover was already synchronized/measured/reported to the NW (as a neighbour cell). The UE would not start a DL cell synchronization from scratch – this is the whole reason why Tsearch in above calculations can be set to 0.
In Rel-17, the hard service link switch scenario would use a handover (reconfiguration with sync) with different PCI. The target cell is unknown and would be synchronized from scratch by the UE. 
On such Rel-18 “reusing PCI” network, the hard service link switch scenario would use a handover (reconfiguration with sync) with same PCI (same cell handover). In such case, the target cell handover is very well known. A sensible UE implementation would use this information (just as for a handover to another known cell). 
Hence, the scenario is different, and it is unclear to which extent this would work without issues for all the Rel-17 UEs. It can be noted that same cell handover is traditionally used for e.g. key refresh, not for resynchronizing the cell (this would be a new scenario). 
[bookmark: _Ref131780074]Observation 3: A Rel-17 UE may not correctly resync the target cell in case of same cell handover

Implementation constraints
In the ideal case where the Rel-17 UEs support time-based CHO, this can be used to indicate the exact switch time (and this is also useful to spread the handover messages load).
However, if Rel-17 UEs do not support time-based CHO, a legacy handover message would have to be sent. Compared to the hard service link switch scenario with different PCI, there is an additional constraint. The handover message would need to be sent at the very last time: there should be no source cell SSBs after the handover message and before the switch. Otherwise, there is a risk that the UE just sync again the source cell. 


Figure 1 - Issue of source cell resync



Figure 2 - Implementation constraint

Solving this issue requires careful synchronization of service link switch time / SSB burst position / handover message. It also prevents potential spreading of HO commands on a larger time range in case it is required by a high number of connected UEs. Again, there is no such constraint in case of hard service link switch scenario with different PCI since as long as the service link switch has not occurred, the target SSB/PCI is not broadcasted.
[bookmark: _Ref131780076]Observation 4: The HO message to Rel-17 UE needs to be sent after any source cell SSB to prevent resync on the source cell
[bookmark: _Ref131780079]Proposal 1: “Reusing PCI after satellite changes” should take into account possible impact on Rel-17 UEs

Ephemeris provisioning
In the proposed scheme, there is no HO command, and the same cell appears projected to the same area by the next satellite. One main configuration that is changed at the time of the switch is the NTN-config (ephemeris/common TA parameter), and the UE needs it to (again) access the cell.
The UE could read the SIB19 after the service link switch. However, this introduces further interruption time. That would put the final interruption time to a value way higher than the baseline value of Rel-17, contrary to the expectations of the proponents in the motivation paper [1]. This might be ok for some scenarios, but not in the general case.
In Rel-17, it is possible for the UE to use the target cell NTN-config from the source cell SIB19 for target cell synchronization. We think a similar mechanism should be preferred. That would require mainly to broadcast the “next NTN-config” of the serving cell, that would be used by the UE after the service link switch. 
[bookmark: _Ref127548756]Proposal 2: Broadcast the “next NTN-config” of the serving cell, to be used by the UE after the service link switch 
Conclusion 
In this contribution, we make the following observations and proposals:
Observation 1: “Reusing PCI after satellite changes” does not improve interruption time
Observation 2: “Reusing PCI after satellite changes” increases interruption time for Rel-17 UEs
Observation 3: A Rel-17 UE may not correctly resync the target cell in case of same cell handover
Observation 4: The HO message to Rel-17 UE needs to be sent after any source cell SSB to prevent resync on the source cell
Proposal 1: “Reusing PCI after satellite changes” should take into account possible impact on Rel-17 UEs
Proposal 2: Broadcast the “next NTN-config” of the serving cell, to be used by the UE after the service link switch 
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