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1 Introduction
The work item objective (WID) for Rel-18 enhancements in mobility aspects has been discussed in WG2 Meeting #123-bise. This contribution carries on the discussion for potential solution details in enhancing NTN Connected mode handover, specifically in the Unchanged PCI scenario, with the following agreements [1]:

Agreements:
· We don’t consider the impact on Rel-17 UEs behavior (or Rel-18 UEs not supporting unchanged PCI) when defining the Rel-18 unchanged PCI solution
· Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling
· RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system
· Only 1 target satellite information (i.e., NTN-config) of serving cell is provided in SIB19. FFS on exact signalling
· SMTC configuration of target satellite needs further discussion:
· FFS on whether and how to provide the SMTC configuration of target satellite.
· FFS on how to handle the SMTC adjustment. 
· We support soft satellite switching in Rel-18
· There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
· At least soft satellite switching, network provides SSB information of target satellite to UE. FFS on the details: options include e.g., indicating a time offset/information or indicating a different SSB index for the target satellite (FFS for Hard satellite switch)
· In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
· We introduce a T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite (actual signalling is FFS). In soft switch scenario, T-start of target satellite is earlier than T-service of source satellite (FFS if T-start is also used for hard satellite switch)
· For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation
· UE is not required to connect to source satellite when the UE switches to target satellite.
2 Discussion
In the unchanged PCI scenario, both the source and target satellites are connected to the same gNB, and all UEs switch from serving to target satellite, while using the same PCI, as the serving satellite flies out of coverage in the quasi-Earth fixed scenario. Figure 1 and 2 below describes the flow for hard and soft switching scenarios respectively.
2.1 Unchanged PCI: Hard switch 
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Figure 1: Unchanged PCI: Hard switch
In this agreed hard switch scenario, there is no overlap between the service and target satellite cell, i.e., only one satellite will be in service at any one time. Hence time-based triggers are important as it will determine the service interruption time, which we want to minimize. Timing for the serving cell service stop time (t-Service) can be broadcast to the UE to initiate pre-configuration in preparation for the cell switch. This is for the UE to know when the serving cell will disappear, and when to expect switching to the target satellite.
Proposal 1: t-Service is broadcasted to the UEs in the serving cell to initiate UE pre-configuration in preparation for the cell switch to the target satellite.
It has been agreed in the last meeting for an explicit indication to the UE, telling the current UEs in the serving cell that the switch will be to an unchanged PCI target cell, and can be contained within SIB19. This may not be limited to a flag but can also include the NTNConfig required for UE pre-configuration for cell switch i.e., neighbour satellite orbital parameters, common TA parameters, K-offset, K-mac for the target satellite.
Proposal 2: An unchanged PCI indication for the target cell is explicitly included within SIB19 and provided to the UE.
Proposal 3: This indication may not be limited to a flag but can also include UE pre-configuration parameters for cell switch i.e., neighbour satellite orbital parameters, common TA parameters, K-offset, K-mac for the target satellite.
Some companies have raised SMTC configuration considerations during the hard switch scenario. The source SMTC configuration can be re-used by the target satellite and broadcast to the UEs. Then it is up to UE implementation to dynamically adjust its own SMTC configuration as required.
Proposal 4: The source SMTC configuration can be re-used by the target satellite and broadcast to the UEs. Then it is up to UE implementation to dynamically adjust its own SMTC configuration as required.
Once the switch is complete, DL synchronization needs to be performed for the UE to synchronize with the new satellite and trigger the start of a DL sync timer. If this timer times out, DL synchronization will fail, and the UE will go into radio link failure, and performs RRC Re-establishment.
Proposal 5: After unchanged PCI switch, DL synchronization is performed between all the UEs and the target satellite. This triggers the start of a DL sync timer, where, if synchronization fails (i.e., a DL sync timeout) UE performs Radio Link Failure and RRC Re-establishment.
2.2 Unchanged PCI: Soft switch
In the soft switch scenario, the two satellites will cover a certain geographical area simultaneously, and the soft switching mechanism is feasible under the following conditions based on RAN1’s LS reply:
· UE is not required to connect to two satellites simultaneously during soft satellite switching. 
· Interference avoidance/mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side. 
· UE is provided with the information on new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
· UE may be provided with the information if needed to detect the SSB of the new satellite for soft satellite switching.
· The same UE behavior may be applied for soft satellite switching and hard satellite switching.
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Figure 2: Unchanged PCI: Soft switch
As in the hard switch scenario, the target satellite synchronization information can be broadcast to the UEs. In the soft switch scenario, the UE can synchronize with the target satellite while connected to the source satellite. Synchronization can begin at t-ServiceStart, a new timing indication defining the earliest time when the UE can start synchronization with the target satellite. Ideally, the UE should complete synchronization before the source cell disappears at time t-Service and switch its connection to the target satellite. The length of time between t-ServiceStart and t-Service is defined as the switching period, as illustrated in Figure 3 below. If DL synchronization is not complete by the end of the switching period, i.e., by t-Service, this triggers DL synchronization failure, UE will go into radio link failure and perform RRC Re-establishment.
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Figure 3: Soft switching period
This synchronization information can be broadcasted along with t-Service and used to differentiate between hard and soft satellite switch, i.e., if t-ServiceStart is defined, it is a soft switch scenario; if t-ServiceStart is not defined, it is a hard switch scenario. As t-ServiceStart can be used as an implicit indication to differentiate between soft and hard switch, a further explicit indication is not required. 
Proposal 6: If DL synchronization is not complete by the end of the switching period, i.e., by t-Service, this triggers DL synchronization failure, UE will go into radio link failure and perform RRC Re-establishment.
Proposal 7: As t-ServiceStart can be used as an implicit indication to differentiate between soft and hard switch, a further explicit indication is not required.
The network will provide SSB information of the target satellite to the UE, especially in soft satellite switching to aid the correct beam detection and faster DL synchronization to the target satellite. An SSB index should be used as a straightforward mechanism. The target SSB index can also be provided in hard switch, but it is not mandatory.
Proposal 8: The target SSB index should be provided to the UE in the soft switch scenario to aid the UE for correct beam detection and faster DL synchronization.
Proposal 9: The target SSB index can also be provided in hard switch (not mandatory).

4 Conclusions
Proposal 1: t-Service is broadcasted to the UEs in the serving cell to initiate UE pre-configuration in preparation for the cell switch to the target satellite.
Proposal 2: An unchanged PCI indication for the target cell is explicitly included within SIB19 and provided to the UE.
Proposal 3: This indication may not be limited to a flag but can also include UE pre-configuration parameters for cell switch i.e., neighbour satellite orbital parameters, common TA parameters, K-offset, K-mac for the target satellite.
Proposal 4: The source SMTC configuration can be re-used by the target satellite and broadcast to the UEs. Then it is up to UE implementation to dynamically adjust its own SMTC configuration as required.
Proposal 5: After unchanged PCI switch, DL synchronization is performed between all the UEs and the target satellite. This triggers the start of a DL sync timer, where, if synchronization fails (i.e., a DL sync timeout) UE performs Radio Link Failure and RRC Re-establishment.
Proposal 6: If DL synchronization is not complete by the end of the switching period, i.e., by t-Service, this triggers DL synchronization failure, UE will go into radio link failure and perform RRC Re-establishment.
Proposal 7: As t-ServiceStart can be used as an implicit indication to differentiate between soft and hard switch, a further explicit indication is not required.
Proposal 8: The target SSB index should be provided to the UE in the soft switch scenario to aid the UE for correct beam detection and faster DL synchronization.
Proposal 9: The target SSB index can also be provided in hard switch (not mandatory).
5 References
[1] R2-2311273 – Report from Break-out session on NR-NTN and IoT NTN, Oct 2023
image3.png
Switching period

Target Satellite

Time

t-ServiceStart t-Service




image1.png
UE Serving SAT Target SAT

Pre-configuration will
include neighbor satellite
orbital parameters,
common TA parameters

Broadcast target SAT sync info
and SIB19 for pre-configuration

At t-Service >
Switch to forget SAT

Start DL Sync timer

DL sync to target SAT

DL synchronization

fail triggers UE RLF,

and UE will perform
> RRCRe-

RRC Re-establishment establishment

Radio Link Failure





image2.png
UE Serving SAT Target SAT

Broadcast target SAT sync info

Att-ServiceStart »
DL sync to target SAT
Target NTNConfig to UE
AttService Switch to target SAT ul

NoDLsync le DL synchronization

Radio Link Failure fail triggers UE RLF,
and UE will perform

*>| RRCRe-

RRC Re-establishment Eetablohment





