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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#123bis, the following agreements on unchanged PCI mechanism were achieved [1].
Agreements:
1. 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
2. Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling

Agreements:
1. RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system
2. Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling
3. 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. 
4. We support soft satellite switching in Rel-18
5. There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
6. 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)
7. In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
8. 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)
9. 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
10. UE is not required to connect to source satellite when the UE switches to target satellite.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In the post-meeting email discussion of [Post123bis][312][NR-NTN Enh] Unchanged PCI (CMCC/Apple) [2], the issues of configurations and some UE operations were discussed. Apart from these issues, some leftover issues on UE behaviours for re-sync procedure also need to be discussed.
In this contribution, we will discuss the remaining details on the synchronization procedures for unchanged PCI mechanism in both hard satellite switching and soft satellite switching cases.
2. Discussion
2.1 Synchronization procedure for hard satellite switching 
The following discussion is carried out towards the only agreed scenario where the coverage gap is zero or negligible.


Figure 1: Example of unchanged PCI procedure for hard satellite switching case
In RAN2#123, the following agreement was achieved [3].
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
We have not concluded when to start the UL synchronization timer (T430) and how to handle the timeAlignmentTimer during satellite switching procedure. This discussion is related to an open issue related to an essential functionality and thus needs to be concluded before WI completion.
Observation 1: Handling of TAT during unchanged PCI procedure is still pending as one remaining open issue requiring functionality discussion. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK17][bookmark: OLE_LINK18]2.1.1	timeAlignmentTimer handling
For RACH-based unchanged PCI solution, after acquiring the DL sync, the UE may trigger RACH to acquire UL sync to the target satellite. During this procedure, if the timeAlignmentTimer keeps running, when the UE performs RACH to the target satellite, the UE should ignore the TA value contained in RAR, based on the current procedure in TS38.321 (see Table 1). Hence, the UL sync cannot be achieved. 
Table 1: Timing advance procedure in TS 38.321 [4]
	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.


On the other hand, if the UE considered the timeAlignmentTimer expiry, the UE would release/clear the resources of SPS/CG/PUCCH, etc., which is not expected, either.
Based on the above analyses, the reasonable way is to stop the timeAlignmentTimer at t-Service for RACH-based unchanged PCI procedure.
For unchanged PCI procedure without RACH, anyway the timeAlignmentTimer should be started again according to the new TA applied for the target satellite. In order to pursue a consistent UE behaviour, it is reasonable to stop the timeAlignmentTimer at t-Service as well. So we propose the following operation:
Proposal 1: For unchanged PCI mechanism, UE stops timeAlignmentTimer for PTAG at t-Service.
[bookmark: OLE_LINK3][bookmark: OLE_LINK8]As for the start of timeAlignmentTimer, there is difference between RACH-based unchanged PCI procedure and unchanged PCI procedure without RACH. For RACH-based unchanged PCI procedure, it is reasonable to start timeAlignmentTimer upon reception of TA Command via MSG2/MSGB, and this is aligned with the legacy RACH procedure.    
Proposal 2: For unchanged PCI procedure based on RACH, UE starts the timeAlignmentTimer for PTAG upon reception of TA Command via RACH procedure as in legacy.
For unchanged PCI procedure without RACH, the handling of the 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 follows (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 the unchanged PCI scenario, the timeAlignmentTimer can also be started upon applying the N_TA. Then the issue is when the UE should apply the N_TA. Based on the discussion in [2], although companies held divergent views on whether the unchanged PCI without RACH is configured in SIB19, companies seem to get converged that UE could obtain the N_TA before t-Service. Since it is at t-Service when the UE initiates the unchanged PCI procedure, it is also reasonable for the UE to apply the N_TA and start timeAlignmentTimer at t-Service.
Proposal 3: For unchanged PCI procedure without RACH, UE applies the N_TA of the target satellite and starts timeAlignmentTimer for PTAG at t-Service.
2.1.2	T430 handling
As agreed in RAN2 #123 [3], upon t-Service, UE shall consider the T430 expiry and stop any UL operation.  
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
In current TS 38.321, RRC_CONNECTD UE in RRC will inform lower layers that UL sync is lost upon T430 expiry, and the UE MAC stops any UL transmission including RACH. Upon successful acquisition of SIB19, the UE RRC will inform lower layers that the UL sync is re-obtained, and MAC will resume UL transmission.
	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.


The problem here is that since UE may perform RACH procedure to acquire TA after t-Service, if the MAC still considers the UL sync lost because of T430 expiry as in the current Spec, the RACH procedure cannot really be performed, making the previous agreement unable to be followed. As a result, there should be some means that makes the MAC layer consider UL sync regained as controlled by T430 before UE performs RACH.
Observation 2: UL synchronisation controlled by T430 needs to be regained and indicated to the MAC entity by some means before UE performs RACH; otherwise the RACH procedure cannot be performed as per previous agreement (if T430 still is kept expired).
In legacy, RRC layer considers the UL sync (re-)obtained and starts T430 upon successful acquisition of SIB19, which means the UE can compensate the TA with the valid parameters (ephemeris and common TA parameters). However, in legacy this operation implies a prerequisite that DL sync with the serving cell is maintained by the UE. For the unchanged PCI case, similar mechanism can be reused. For the TA compensation of the target satellite, in RAN2#123bis, it was agreed that the NTN-Config of the target satellite is provided in SIB19, i.e. the UE could acquire the TA compensation related parameters of the target satellite before t-Service. Hence, when UE also gets the DL timing of the new serving satellite, i.e. when the UE acquires the SSB of the new serving satellite, the UL sync can be considered as re-gained.
Based on the above discussion, the following proposal is given w.r.t. the intended UE behaviour on how to handle T430 and resume UL operations during re-sync procedure to the new serving satellite in the unchanged PCI procedure. 
Proposal 4: After acquiring DL sync and the 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 layer that the UL synchronisation is obtained.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]2.2 Synchronization procedure for soft satellite switching
For soft satellite switching case, there will be an overlapping duration of the source satellite and the target satellite, so that the UE could acquire DL and/or UL sync of the target satellite before source satellite stops serving the area to reduce the interruption time.


Figure 2 Example of unchanged PCI procedure for soft satellite switching case 
2.2.1	When to perform DL&UL sync
In RAN2#123bis, the following agreements were achieved specifying that the UE could start synchronizing with the target satellite at t-Start [1]. However, the synchronization procedure consists of DL sync and UL sync, so further clarification is needed on the current agreements, due to the potential different Spec impacts caused.
1. 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)
2. 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
Observation 3: There is ambiguity in the current agreements regarding whether it is the DL synchronization only, or both DL and UL synchronization that need to be performed between T-start and T-service. Further clarification is needed, as different understandings lead to different Spec impacts.  
If the “start synchronizing with target satellite” consists of both DL sync and UL sync, the UE may perform UL sync during the overlapping duration, i.e., between t-Start and t-Service. There may be situation where some UEs connect to the serving cell via source satellite while others connect to the serving cell via target satellite. Considering that the propagation delay of the two satellites are different, there could be big difficulty (if possible at all) for NW scheduling to avoid the interference issue among UEs connecting with different satellites, if both DL sync and UL sync are allowed during the transition period between T-start and T-service. 
To reduce such burden to network scheduling, we propose that the UE starts performing only DL sync with the target satellite during t-Start and t-Service. 
Proposal 5: For soft satellite switching, the UE can start to acquire DL synchronization with target satellite at t-Start.
As for the time point when to acquire UL sync, to achieve a uniform design between hard satellite switching case and soft satellite switching case, the UE can trigger RACH at t-Service if DL sync is achieved for RACH-based unchanged PCI solution. For unchanged PCI procedure without RACH, the UE can apply the N_TA and regard the UL sync as obtained at t-service, since it is assumed that the N_TA is got in advance. .
Proposal 6: For RACH-based unchanged PCI procedure with soft satellite switching, after t-Service, the UE can perform RACH for UL sync, if DL sync is achieved.
Proposal 6a: For unchanged PCI procedure without RACH with soft satellite switching, the UE applies N_TA and considers UL synchronized at t-Service, if DL sync is achieved. 
2.2.2	timeAlignmentTimer handling 
If above Proposal 1/2/3 are agreeable for hard satellite switching case, we think these agreements for the timeAlignmentTimer handling can also be applied for soft satellite switching, i.e. Proposal 1/2/3 can be reused. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 7: If Proposal 1/2/3 are agreeable, reuse Proposal 1/2/3 for the timerAlignmentTimer handling in soft satellite switching case.
2.2.3	T430 handling
If Proposal 4 is agreeable, we think the T430 handling mechanisms for hard satellite switching in Proposal 4 can also be applied for soft satellite switching in general. That is, the UE considers T430 for the source satellite expired at t-Service, and then starts T430 upon acquisition of DL sync and TA compensation related parameters of the target satellite. Compared with hard satellite switching case, a slight difference here is that the UE may get DL sync of the new serving satellite prior to t-Service (i.e. between t-start and t-service), and the T430 for the source satellite is still running, so that the start condition of “after acquiring DL sync” for T430 in hard satellite switching case is not applicable for soft satellite switching case.  Hence, for soft satellite switching case, after the T430 is stopped at t-Service, if the UE has already acquired the DL sync at the overlap duration, it can start T430 at t-Service immediately for target satellite; otherwise, the UE starts T430 upon acquiring DL sync of the target satellite. 
Proposal 8: The UE considers UL synchronization timer (i.e. T430) expired for source satellite at t-Service. 
Proposal 8a: After T430 expiry at t-Service in Proposal 8, UE in RRC shall perform the following operation if UE has already acquired the DL sync of the new serving satellite before t-Service, or if the UE just acquires DL sync of the new serving satellite:
· start T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime for the new serving satellite.
· inform MAC layer that the UL synchronisation is obtained.
2.2.4	Assistance information for the SSB of target satellite
According to the summary of post email [Post123bis][312][NR-NTN Enh] Unchanged PCI (CMCC/Apple) [2], the following issue needs to be further discussed.
	Proposal A-6:  For soft satellite switch, regarding the target satellite SSB information, we could further discuss the following options:
Option 1: Indicating a time offset/information  for the target satellite
Option 2: Indicating a different SSB index for the target satellite
Option 3: ssb-PositionsInBurst of the target satellite
Option 4: option 1+2
Option 5: SMTC configuration is enough 


Firstly, we would like to clarify that time offset (option 1) and SMTC (option 5) have no essential difference, because they are both used to indicate the time where SSB occasions occur at the NW side, but not the time when the UE actually receives SSB. The time offset/SMTC is needed for soft satellite switching case, because the NW may need to configure the target satellite SSB broadcast with a time offset compare with that of the source satellite to avoid interference. 
Since the hard satellite switching case does not have the interference issue, it is not needed to signal the SSBs of the target satellite at different time than the source satellite and thus there is no need to configure time offset/SMTC in this case. The UE could estimate the time window of SSB provided by the target satellite based on the ephemeris and common TA info of the source satellite and the target satellite autonomously.
Proposal 9: For hard satellite switching, time-offset/SMTC configuration for target satellite is not needed. The UE can adjust the time window for SSB detection/measurement of the target satellite based on the ephemeris and common TA info autonomously.
In addition, another controversy for the soft satellite switching case is whether SSB index or ssb-PositionsInBurst of the target satellite is needed apart from the time offset/SMTC configuration. From our perspective, the SSB collision issue can be solved by appropriate time offset/SMTC configuration by NW. There is no need to configure different SSB index for the target satellite. Additionally, configuring different SSB index for the target satellite may cause reconfiguration of SSB configuration related info, e.g., TCI state, after satellite switching. This does not fit the signalling reduction motivation of unchanged PCI. Therefore, none of above option2, option 3 and option 4 should be adopted.
Observation 4: Different SSB indexes for the target satellite will result in reconfiguration (e.g. TCI SRS) after UE accesses to target cell.
As for time-offset or SMTC configuration, comparing with time-offset, if SMTC is adopted, an additional periodicity will need to be configured to UE by the target satellite SMTC configuration.  Considering that the periodicity of the SSB of the source satellite and target satellite should be the same, the periodicity of target satellite SMTC is an unnecessary parameter that does not actually need to be redundantly signalled. As a result, we think an offset is enough and a better choice from signalling point of view.
Proposal 10: For soft satellite switch, introduce a time-offset of the target satellite SSB to the source satellite SSB for the UE to distinguish the SSB of the target satellite from the source satellite. No other information is needed.
3. Conclusion
In this contribution, we have discussion on PCI unchanged scenario, with the following observations and proposals:
Observation 1: Handling of TAT during unchanged PCI procedure is still pending as one remaining open issue requiring functionality discussion. 
For hard satellite switching
Observation 2: UL synchronisation controlled by T430 needs to be regained and indicated to the MAC entity by some means before UE performs RACH; otherwise the RACH procedure cannot be performed as per previous agreement (if T430 still is kept expired).
Proposal 1: For unchanged PCI mechanism, UE stops timeAlignmentTimer for PTAG at t-Service.
Proposal 2: For unchanged PCI procedure based on RACH, UE starts the timeAlignmentTimer for PTAG upon reception of TA Command via RACH procedure as in legacy.
Proposal 3: For unchanged PCI procedure without RACH, UE applies the N_TA of the target satellite and starts timeAlignmentTimer for PTAG at t-Service.
Proposal 4: After acquiring DL sync and the 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 layer that the UL synchronisation is obtained.
For soft satellite switching
Observation 3: There is ambiguity in the current agreements regarding whether it is the DL synchronization only, or both DL and UL synchronization that need to be performed between T-start and T-service. Further clarification is needed, as different understandings lead to different Spec impacts.  
Observation 4: Different SSB indexes for the target satellite will result in reconfiguration (e.g. TCI SRS) after UE accesses to target cell.
Proposal 5: For soft satellite switching, the UE can start to acquire DL synchronization with target satellite at t-Start.
Proposal 6: For RACH-based unchanged PCI procedure with soft satellite switching, after t-Service, the UE can perform RACH for UL sync, if DL sync is achieved.
Proposal 6a: For unchanged PCI procedure without RACH with soft satellite switching, the UE applies N_TA and considers UL synchronized at t-Service, if DL sync is achieved. 
Proposal 7: If Proposal 1/2/3 are agreeable, reuse Proposal 1/2/3 for the timerAlignmentTimer handling in soft satellite switching case.
Proposal 8: The UE considers UL synchronization timer (i.e. T430) expired for source satellite at t-Service. 
Proposal 8a: After T430 expiry at t-Service in Proposal 8, UE in RRC shall perform the following operation if UE has already acquired the DL sync of the new serving satellite before t-Service, or if the UE just acquires DL sync of the new serving satellite:
· start T430 with the timer value set to ntn-UlSyncValidityDuration from the subframe indicated by epochTime for the new serving satellite.
· inform MAC layer that the UL synchronisation is obtained.
Proposal 9: For hard satellite switching, time-offset/SMTC configuration for target satellite is not needed. The UE can adjust the time window for SSB detection/measurement of the target satellite based on the ephemeris and common TA info autonomously.
Proposal 10: For soft satellite switch, introduce a time-offset of the target satellite SSB to the source satellite SSB for the UE to distinguish the SSB of the target satellite from the source satellite. No other information is needed.
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