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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#123, the following agreements on unchanged PCI mechanism were achieved [1].
Agreements:
1. An explicit indication will be introduced to enable the unchanged PCI switch
2. 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
3. PCI unchanged procedure can be performed without performing RACH

[bookmark: OLE_LINK9]Agreements:
1. 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.
2. In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
3. 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.
Additionally, the reply LS in [2] was received by RAN2 with the following response on the feasibility to support soft satellite switching without PCI change. 
	Question 2: If it is feasible to support soft satellite switching without PCI change?
Reply: 
Under the following conditions: 
· 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.

RAN1 concludes it is feasible for soft satellite switching without PCI change. 


Based on the above progress, this contribution first address remaining issues for unchanged PCI mechanism in the hard satellite switching case, and also discuss how to support unchanged PCI in soft satellite switching case. 
2. Discussion
2.1 Further details for unchanged PCI with hard satellite switching 
2.1.1	Whether to support scenarios that require t-gap or t-start
In RAN2#123, there was no convergence on whether unchanged PCI mechanism can be applied to the case where the coverage gap is not negligible. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]From our perspective, the coverage gap of hard satellite switching can be made negligible by NW implementation, e.g., providing timely coverage to the area with the adjustment of target satellite antenna in advance. We did not see the necessity to support the case where the coverage gap is not negligible. Additionally, under the case where the coverage gap is not negligible, we need to discuss how long the coverage gap is tolerable for unchanged PCI, and whether the UE behaviours in the case where the coverage gap is negligible are applicable for this case.
Since the coverage gap anyway can be avoided via proper NW implementation as aforementioned, considering the limited time of Rel-18, we propose to de-prioritize the case where the coverage gap is not negligible for the unchanged PCI design with hard satellite switching.
Proposal 1: Deprioritize the case where the coverage gap is not negligible for hard satellite switching in Rel-18 unchanged PCI discussion.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]2.1.2	UE behaviour for re-synchronization
The following discussion is carried out towards the only agreed scenario “where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start)”.


Figure 1: Unchanged PCI procedure for hard satellite switching case
· timeAlignmentTimer handling during unchanged PCI procedure
We first discuss the FFS on timeAlignmentTimer handling left from RAN2#123.  It was agreed that “the UE considers T430 expired at t-Service to stop any UL operation”, and “the UE may trigger RACH immediately after DL synchronizing with the new satellite for the RACH-based solution”. Then when the UE performs RACH during re-sync to the target satellite, if the timeAlignmentTimer were kept running, the UE should ignore the TA value received via RAR, based on the current procedure in 38.321 (see Table 1). This is certainly not reasonable for the unchanged PCI scenario, because with the serving satellite changed, the N_TA is expected to be changed as well, and thus needs to be updated by the RACH procedure performed. By contrast, if the UE considered the timeAlignmentTimer expiry, the UE would release/clear the resources of SPS/CG/PUCCH, etc., which is not expected either. 
Table 1: Timing advance procedure in TS 38.321 [3]
	1>	when a Timing Advance Command is received in a Random Access Response message for a Serving Cell belonging to a TAG or in a MSGB for an SpCell:
2>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble:
[…]
2>	else if the timeAlignmentTimer associated with this TAG is not running:
[…]
2>	else:
3>	ignore the received Timing Advance Command.



Anyway the timeAlignmentTimer should be restarted for the new TA applied for the target satellite, so we think it is reasonable to stop the timeAlignmentTimer upon t-Service. So we propose the following operation: 
Proposal 2: For RACH-based unchanged PCI mechanism, UE should stop timeAlignmentTimer for PTAG at t-Service.
As for the start of timeAlignmentTimer, there may be some differences between RACH-based solution and without-RACH solution, during the re-synchronization to the target satellite.
For RACH-based solution, it is reasonable to start timeAlignmentTimer upon reception of TA Command via MSG2 or MSGB, and this is aligned with the legacy RACH procedure. So we have the following proposal.    
Proposal 3: For RACH-based unchanged PCI solution, UE starts the timeAlignmentTimer for PTAG upon reception of TA Command via RACH procedure as in legacy.
For without-RACH solution, the handling of timeAlignmentTimer in RACH-less HO mechanism in LTE can be taken as the baseline. In RACH-less HO, the UE starts the timeAlignmentTimer upon applying the N_TA received via RACH-less HO command, as following (excerpt from TS 36.321). 
	-	when the MAC entity is configured with rach-Skip or rach-SkipSCG:
-	apply timing advance value indicated by targetTA in rach-Skip or rach-SkipSCG for the pTAG;
-	start the timeAlignmentTimer associated with this TAG.


In unchanged PCI scenario, the same mechanism can be used, i.e. the timeAlignmentTimer should be started upon applying the N_TA for RACH-less. Another issue is when the UE should apply the N_TA. Considering the N_TA may be configured in system information instead of dedicate signalling (as clarified in later subclause 2.1.3). We can assume UE could receive the N_TA before t-Service. Since it is at t-Service when the UE initiates the unchanged PCI procedure and starts synchronization to the target satellite, it is reasonable for the UE to apply the N_TA upon t-Service and start timeAlignmentTimer in unchanged PCI procedure without RACH.
Proposal 4: For unchanged PCI procedure without RACH, the UE applies the N_TA configured by the NW and starts timeAlignmentTimer for PTAG at t-Service.
· T430 handling 
As agreed last meeting, upon t-Service, UE shall consider the T430 expiry and stop any UL operation. In current spec, connected UE will inform lower layers that UL synchronisation is lost upon T430 expiry and inform lower layers when UL synchronisation is obtained upon successful acquisition of SIB19. When UL synchronisation is lost, UE stops any uplink transmission including RACH as currently specified in TS 38.321. And UE will resume UL transmission after UL synchronization obtained.
	The MAC entity shall for each Serving Cell:
1>	if an indication of uplink synchronization has been received from upper layers (see clause 5.2.2.6 of TS 38.331 [5]):
2>	allow uplink transmission on the Serving Cell.
1>	if an indication of uplink synchronization loss is received from upper layers (see clause 5.2.2.6 of TS 38.331 [5]):
2>	flush all HARQ buffers;
2>	not perform any uplink transmission on the Serving Cell.
NOTE:	The MAC entity suspends all UL operations (e.g. stop RACH, SR, and UL HARQ operation) after receiving the indication of an uplink synchronization loss and resumes the operation when receiving an indication of uplink synchronization.


Since UE may perform RACH procedure to acquire valid TA after t-Service. If the MAC still considers the uplink synchronization lost with T430 expiry, UE cannot perform RACH procedure. From the MAC perspective, the indication of uplink synchronization should be received before UE perform RACH procedure. 
In legacy, RRC considers the UL synchronisation is (re-)obtained upon successful acquisition of SIB19. That is, after reception of the valid SIB19, the UE has got the valid TA compensation related parameters (ephemeris and common TA parameters), so with DL synchronization for the serving cell still kept, the UE is ready for UL transmission. The same mechanism can also be used for unchanged PCI case considered here. UE could consider the uplink synchronization re-gained, when the UE gets the DL timing and acquires the TA compensation related parameters from the new serving satellite (which was the target satellite), i.e. when UE acquires the SSB and the information in NTN-Config of the new serving satellite. Specifically, if the UE receives the NTN-Config for the serving cell of the new satellite via SIB19, the UE should read the SIB19 after the UE acquires SSB/SIB1, and this may lead to longer interruption. So we assume the NTN-Config for the serving cell of the new satellite will be provided by the source satellite before t-Service to avoid longer interruption as later discussed in section of 2.1.3. 
Based on the above discussion, the following proposal is given w.r.t. intended UE behaviour on how to handle T430 and resume UL operations during re-sync to the new serving satellite. 
Proposal 5: After synchronising to the DL of the new serving satellite, if the UE has got the valid NTN-Config of the new serving satellite, from the RRC’s perspective the UE shall:
· start T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime for the new serving satellite.
· inform MAC the UL synchronisation is obtained.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]2.1.3	Assistance information provided by NW 
Below, we discuss the necessary assistance information needs to be provided to the UE to perform unchanged PCI procedure for hard satellite switching. Note that such information are not only needed for hard satellite switching case, but also needed for soft satellite switching case (if supported), as what we will further discuss in later subclause 2.2. 
· [bookmark: OLE_LINK3]Ephemeris and common TA related parameters
In the reply LS [4] on hard satellite switching case, RAN1 also informed that the UE needs to be provided with the common TA, K_mac, ephemeris and cell-specific K-offset of the target satellite.
	Question 1: For hard satellite switching without PCI change, if RAN1 identifies any major technical issues?
Reply: 
RAN1 discussed the resynchronization of UE when hard switching, given that new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
From RAN1 perspective, no feasibility issue is identified for hard satellite switching without PCI change.  


[bookmark: OLE_LINK15][bookmark: OLE_LINK16]For hard satellite switching, these parameters are essential for UE to get the pre-compensated TA. Providing these parameters in advance can save the time for UE to obtain these parameters by reading MIB, SIB1 and SIB19 in order, so that the interruption time can be reduced as aforementioned.
Hence, it is suggested that the new common TA, K_mac, ephemeris and cell-specific K-offset of the target satellite (which is to be the new serving cell) are provided to UE before t-Service by the serving cell. Considering these parameters are common to all the UE and are already included in NTN-Config, they can be broadcast within NTN-config to UE via SIB, e.g., SIB19.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 6: Network broadcasts the NTN-config of the target satellite before t-Service.
· 	Indication of RACH-based solution and without-RACH solution 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]At present, both unchanged PCI procedures based on RACH solution and without RACH are supported. Obviously, the network needs to indicate UE which solution should be performed, once unchanged PCI is applied. According to the past discussion, companies have a consensus that the indication of unchanged PCI scenario is introduced in SIB19. It seems better to assemble the unchanged PCI related configuration in the same IE, and the indication whether perform RACH could apply to all UEs, so we suggest to include this indication in the SIB19 too, which also accords with the expectation that finish the unchanged PCI procedure without dedicate signalling. 
Proposal 7: The indication on whether to perform unchanged PCI based on RACH or without RACH is introduced in SIB19. 
· Specifics to unchanged PCI without RACH 
For unchanged PCI procedure without RACH, one main issue is how to determine the N_TA of target satellite. Since the unchanged PCI scenario is similar with the scenario of inter-satellite handover with the same gNB in RACH-less HO, the solution of RACH-less HO can be taken as baseline. 
Specifically, in RAN2#122, the following agreement was achieved. 
Agreements:
1. In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell, or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0
For unchanged PCI procedure without RACH, the above agreement is also applicable, i.e. the N_TA is configured as value 0 or same as source satellite. Additionally, the N_TA is now not per UE configuration in unchanged PCI scenario, but instead can be configured to UE via system information, e.g., SIB19.
Proposal 8: For unchanged PCI procedure without RACH, the N_TA is configured with value 0 or is indicated “same as the source satellite” via SIB19.
2.2 Support of unchanged PCI with soft satellite switching
In RAN1#114, RAN1 reached the consistent that soft satellite switching without PCI changed is feasible, and the reply LS [2] is sent to RAN2. The following discussion is for soft satellite switch case, with the expectation that the agreements of hard satellite switch are also applicable for soft satellite switch case.
Proposal 9: RAN2 confirms to support unchanged PCI with soft satellite switching, based on the confirmation on the feasibility in RAN1 Reply LS [2]. 
To support soft satellite switching case, a number of the Proposals in 2.2 can be directly reused, including at least P6/7/8 related to the configuration parameters. This is proposed as follows:
Proposal 10: For unchanged PCI with soft satellite switching, Proposal 6/7/8 for the hard satellite switching case are also applied.  
Then, some specific issues to unchanged PCI procedure with soft satellite switching are discussed in the rest of this clause. For soft satellite switching case, there will be an overlapping duration of the source satellite coverage and the target satellite coverage, so that the UE could acquire DL and UL sync of the target satellite before source satellite stops serving the area to reduce the interruption time.


Figure 2 Unchanged PCI procedure for soft satellite switching case 
· DL sync
At the start time of the target satellite, the target satellite starts providing service for serving cell, the UE can acquire DL sync by detecting the SSB of the target satellite. The start time of the target satellite, t-Start, needs to be provided to the UE. Since the t-Start is common to all the UE, it can be signalled to the UE via system information, e.g. SIB19.
Proposal 11: In case of soft satellite switching, the start serving time of the target satellite (i.e. t-Start) should be broadcast to UE in SIB19.
Proposal 12: In case of soft satellite switching, the UE starts acquiring DL synchronization to the target satellite at t-Start.
· Acquisition of valid TA value
In case of hard satellite switching case, it has been agreed that both RACH-based solution and without-RACH solution can be performed to get UL sync of the target satellite. These two solutions are also suitable for soft satellite switching case generally. 
For RACH-based solution, although there is now the possibility for the UE to get UL-sync with the target cell before t-Service of the serving cell, we think it is still possible for the UE to trigger RACH at t-Service as well, similar to the hard switching case, i.e. , the UE initiates RACH after the source satellite stop providing service. This method can lead to a uniform design between hard-switching case and soft-switching case, and can avoid “source-target” satellite interference issue during RACH procedure.
Proposal 13: For RACH-based unchanged PCI procedure in soft satellite switching case, UE initiates RACH at t-Service.
If Proposal 13 is agreeable, we think the timeAlignmentTimer handling for hard satellite switching case can also be applied here for the RACH-based solution, i.e. Proposal 2/3 can be reused. 
Proposal 13a: If Proposal 13 is agreed, reuse above Proposal 2 and 3 for RACH-based unchanged PCI procedure in hard satellite switching case.
For without-RACH solution, there is no difference between soft satellite switch case and hard satellite switch case. The without-RACH solution can be supported.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 14: In case of unchanged PCI procedure with soft satellite switching, support the solution without RACH to get UL synchronization, and reuse above Proposal 4 for hard switching case (if agreed).
· Handling of overlapped SSB between target and source satellites
In the reply LS [2] on soft satellite switch case, RAN1 also provides the following information on UE detecting the SSB of target satellite. This suggestion is raised due to the concerns that whether the UE can distinguish the SSB of source satellite and target satellite during the overlapping duration.
	· UE may be provided with the information if needed to detect the SSB of the new satellite for soft satellite switching.


From the network perspective, to avoid the possible SSB collision between these two satellites, it can configure the SSB transmitted via source satellite and target satellite is sent out during different time widow.
Observation 1: In soft satellite switching case, to avoid the possible SSB collision, the network could configure different time windows for the SSB transmitted via target satellite and the SSB transmitted via source satellite.
From the UE perspective, based on the ephemeris, common TA of source satellite, the UE can know the occurrence times of the SSB from source satellite generally. The SSB detected outside of these times can be considered broadcast by target satellite. That is, this issue can also be solved by UE implementation. However, to make the UE behaviour clear and avoid blindly searching for SSBs, the time window of the target satellite can be configured to UE in form of SMTC or offset. 
Proposal 15: For soft satellite switching case, further discuss the following options on how UE detects the SSB of the target satellite.
· The UE can distinguish the SSB of target satellite by implementation, without additional assistance information provided by the NW.
· The time window of SSB broadcast via target satellite is configured to UE by SMTC or by a time offset to the SSB of the source satellite.
3. Conclusion
In this contribution, we have discussion on PCI unchanged scenario, with the following observations and proposals:
For hard satellite switching
Proposal 1: Deprioritize the case where the coverage gap is not negligible for hard satellite switching in Rel-18 unchanged PCI discussion.
Proposal 2: For RACH-based unchanged PCI mechanism, UE should stop timeAlignmentTimer for PTAG at t-Service.
Proposal 3: For RACH-based unchanged PCI solution, UE starts the timeAlignmentTimer for PTAG upon reception of TA Command via RACH procedure as in legacy.
Proposal 4: For unchanged PCI procedure without RACH, the UE applies the N_TA configured by the NW and starts timeAlignmentTimer for PTAG at t-Service.
Proposal 5: After synchronising to the DL of the new serving satellite, if the UE has got the valid NTN-Config of the new serving satellite, from the RRC’s perspective the UE shall:
· start T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime for the new serving satellite.
· inform MAC the UL synchronisation is obtained.
Proposal 6: Network broadcasts the NTN-config of the target satellite before t-Service.
Proposal 7: The indication on whether to perform unchanged PCI based on RACH or without RACH is introduced in SIB19. 
Proposal 8: For unchanged PCI procedure without RACH, the N_TA is configured with value 0 or is indicated “same as the source satellite” via SIB19.

For soft satellite switching
Observation 1: In soft satellite switching case, to avoid the possible SSB collision, the network could configure different time windows for the SSB transmitted via target satellite and the SSB transmitted via source satellite.
Proposal 9: RAN2 confirms to support unchanged PCI with soft satellite switching, based on the confirmation on the feasibility in RAN1 Reply LS [2]. 
Proposal 10: For unchanged PCI with soft satellite switching, Proposal 6/7/8 for the hard satellite switching case are also applied.  
Proposal 11: In case of soft satellite switching, the start serving time of the target satellite (i.e. t-Start) should be broadcast to UE in SIB19.
Proposal 12: In case of soft satellite switching, the UE starts acquiring DL synchronization to the target satellite at t-Start.
Proposal 13: For RACH-based unchanged PCI procedure in soft satellite switching case, UE initiates RACH at t-Service.
Proposal 13a: If Proposal 13 is agreed, reuse above Proposal 2 and 3 for RACH-based unchanged PCI procedure in hard satellite switching case.
Proposal 14: In case of unchanged PCI procedure with soft satellite switching, support the solution without RACH to get UL synchronization, and reuse above Proposal 4 for hard switching case (if agreed).
Proposal 15: For soft satellite switching case, further discuss the following options on how UE detects the SSB of the target satellite.
· The UE can distinguish the SSB of target satellite by implementation, without additional assistance information provided by the NW.
· The time window of SSB broadcast via target satellite is configured to UE by SMTC or by a time offset to the SSB of the source satellite.
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