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1  Introduction
This contribution is to address remaining issue for unchanged PCI, according to the following offline:
· [AT124][303][NR-NTN Enh] Unchanged PCI (Apple)


Scope: Discuss the RACH-less satellite switching aspects


Intended outcome: offline discussion summary


F2F schedule: Wednesday 2023-11-15 10:30-11:00 Brk3

Deadline for rapporteur's summary (in R2-2313785):  Wednesday 2023-11-15 22:00
2 RACH-less satellite switch procedure
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Figure-1. RACH-less satellite switch procedure
RACH-less satellite switch procedure:
1. UE receives SIB19 in source SAT-1, containing the information required for RACH-less satellite switch to the target satellite, e.g. NTN-config of target satellite, SSB index (optional), SSB time offset (optional).
2. UE operation at T-switch is as follows:
· RRC layer:

· Decide the satellite switch time (i.e. T-switch)
· For hard switch: T-switch = T-service

· For soft switch: T-switch = T in [T-start, T-service]
· Consider T430 expiry
· A new trigger of T430 expiry should be specified.
· Indicate MAC to start satellite switch procedure. 

· MAC layer:
Upon reception of satellite switch start indication from upper layer

· No impact on TATimer
· Flush HARQ buffer (NOTE: currently the operation is upon T430 expiry)
· Suspend UL transmission (NOTE: currently the operation is upon T430 expiry)
3. UE detects the DL sync of target satellite based on the provided SSB time offset (FFS whether we reuse SMTC4 or a new IE. 

· SMTC adjustment

· UE performs the SMTC adjustment based on PDD;
· For soft satellite switch, the SMTC adjustment also considers the SSB time offset (if configured);
· Detection of the SSB of target satellite 

· UE detects the target satellite’s SSB within the adjusted SMTC window. 
· If SSB info of target satellite is not provided in SIB19 by network, source’s SSB is used.
4. When UE acquires DL sync of target satellite, UE operation is as follows:
· RRC layer

· Acquire SIB19 
· Start T430
· Indicate to lower layer that UL sync for satellite switch is restored

· MAC layer

· Set NTA value = 0 
· Clear UE specific Koffset;
· Allow UL transmission (NOTE: currently the operation is upon T430 expiry)
· Trigger TAR and TAR-SR.  
5. UE initiates the TA reporting transmission as the 1st UL transmission 
· MAC layer (legacy behavior)
· If TATimer is running, UE transmits it via UL PUSCH or trigger PUCCH SR.(5a)
· If TATimer expires, UE initiates the UL transmission via RACH. (5b)

NOTE: UE operation highlighted in yellow is the legacy UE behavior.
Proposal 1: Agree the RACH-less satellite switch procedure and the steps as shown in Figure-1. 
3 RACH-based satellite switch procedure
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Figure-2. RACH-based satellite switch procedure

RACH-based procedure means the 1st UL transmission in target satellite is always via RACH.  

If the network only wants to trigger the RACH-based satellite switch procedure, the RACH-based procedure can be implemented by introducing some network controls on top of RACH-less procedure.  

As shown in Figure-2, for the RACH-based procedure, network can provide the TATimer stop indication in satellite switch configuration in SIB19. According to this indication, when UE starts the satellite switch procedure, UE can just stop the TATimer. And other UE operations are the same as RACH-less procedure.
Observation 1: The difference between RACH-based and RACH-less procedure is only in the TATimer operation when the satellite switch procedure starts. 
Based on the observation, it is proposed that
Proposal 2: Discuss whether to support RACH-based procedure.
Proposal 3: If RACH-based procedure is supported, network can enable RACH-based procedure via explicit indication in SIB19. 
Proposal 4: If RACH-based procedure is supported, introduce the following two enhancements on top of RACH-less procedure (as shown in Figure-2):
· 1) “TATimer stop indication” is introduced in satellite switch configuration in SIB19; 

· 2) UE stops TATimer when the satellite switch procedure is started.   

4  Conclusion
Following proposals are made based on F2F offline discussion. 
Proposal 1: Agree the RACH-less satellite switch procedure and the steps as shown in Figure-1. 
Proposal 2: Discuss whether to support RACH-based procedure.
Proposal 3: If RACH-based procedure is supported, network can enable RACH-based procedure via explicit indication in SIB19. 

Proposal 4: If RACH-based procedure is supported, introduce the following two enhancements on top of RACH-less procedure (as shown in Figure-2):

· 1) “TATimer stop indication” is introduced in satellite switch configuration in SIB19; 

· 2) UE stops TATimer when the satellite switch procedure is started.   

5 Annex
5.1 Previous
RAN2 agreements on unchanged PCI

	RAN2#122 Agreements

· t-Service in SIB19 can also be interpreted by Rel-18 UE in Connected mode to know that a satellite change or feeder link change happens

· In hard switch unchanged PCI scenario (i.e. no handover), the UE needs to know the time the UE attempts to re-synchronize. (FFS whether a new “t-Start” / a t-gap is needed or whether t-Service can be reused (i.e. no other IE) if the gap is very short/zero). 

	RAN2#123 Agreements

· An explicit indication will be introduced to enable the unchanged PCI switch

· The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start

· PCI unchanged procedure can be performed without performing RACH

· In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.

· In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
· The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.

	RAN2#123bis 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.



	RAN2#124 Agreements (Tue. online)
· Proposal A-1: Agreed (we can keep the current terminology in the running CR)

· The presence of this information indicates that satellite switch without PCI change is supported

· At least for soft switch, there needs to be an “SSB time offset” between the source and the target satellite (CB Thursday to clarify the definition of “SSB time offset” and the relationship with SMTC offset)

· SMTC offset adjustment for satellite switch is handled autonomously by the UE
· The “SSB time offset” between the source and the target satellite should be provided in SIB19

· Support implicit indication to inform UE it is hard switch or soft switch case.




5.2 
Satellite switching scenario
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Figure-A1. Hard satellite switching
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Figure-A2. Soft satellite switching

