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Introduction
[bookmark: _Hlk66110521]In the earth-moving cell or quasi-earth-fixed cell scenario, the signal overheads and service interruption time due to frequent HO is always a pain point in NTN. To eliminate the need of layer 3 handover due to the satellite movement, RAN2 has agreed in RAN2#121bis meeting [1] to support the procedure enabling the satellite switching without changing the PCI. This procedure is known as the “unchanged PCI satellite switch” procedure, and is now only applicable to the quasi-Earth-fixed cell and hard satellite switch scenario. 
	Agreements in RAN2#121bis
- 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, unless major technical issues are identified by RAN1 (as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18).


It was further agreed in the RAN2#122 [2] that there could be two time instances UE needs to know: 1) the time instance upon which the satellite change or the feeder link change takes place, and 2) the time instance upon which the UE shall attempt to re-synchronize. 
	Agreements in RAN2#122
- 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).


The RAN2#123 meeting further discussed whether both time instances or only one time instance are/is needed (i.e., if there is a non-negligible gap between these two time instances), and came up with several features that are applicable to both scenarios (two time instances vs. one time instance) [3].
	Agreements in RAN2#123
- 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.


Based on the above agreements, this paper dives further into the details that need to be done in order to accomplish the “unchanged PCI satellite switch” procedure.
Discussion
Impact on the Radio Link Monitoring (RLM) 
[bookmark: _Toc131764424][bookmark: _Toc134611951][bookmark: _Toc134612418][bookmark: _Toc142314767]It has been discussion in RAN2#123 meeting that whether there will be a gap period between when the serving satellite stops serving the area and when the incoming satellite starts serving the area, but the decision is still pending. In our understanding, there must be a gap in the hard satellite switch case, which is the only case now supporting the unchanged PCI satellite switch procedure. The reason for limiting the scope within the hard satellite switch case is to avoid any possible interference due to the overlapped coverage. In the hard satellite switch case, as there is no overlapped area, inevitably there will be more or less a gap period during which the UE is neither covered by the serving satellite nor the incoming satellite. During that gap period, UE would continuously receive the out-of-sync indication and eventually declare the Radio Link Failure (RLF), if the UE keeps performing the RLM. As declaring the radio link failure would transition a UE into the idle state (which may prolong the service interruption time and produce extra signal overheads), it is better for the UE to suspend or stop the RLM at the time when the serving satellite stops serving the area (i.e., at t-Service).
[bookmark: _Toc142409002][bookmark: _Toc142491489][bookmark: _Toc142657891]UE suspends or stops the RLM at t-Service, if there is a gap period where the UE is neither served by the serving satellite nor by the incoming satellite in the unchanged PCI scenario. 
If the UE has suspended or stopped the RLM at t-Service, the UE needs to resume/start the RLM upon switching to the new satellite, to facilitate the RLF declaration in case the UE is not able to synchronize with the new satellite. There are two options for the UE regarding when to resume/start the RLM: 
Option 1: UE resumes/starts RLM at the time when the incoming satellite starts serving the area (i.e., t-ServiceStart).
Option 2: UE resumes/starts RLM at the time when UE starts synchronizing with the incoming satellite.
The timing in Option 2 can be the same as the timing in Option 1, or can be later than the timing in Option 1. As the UE does NOT necessarily start synchronizing with the new satellite once the new satellite starts serving the area, Option 2 allows the UE to delay the timing regarding when to start synchronizing with the new satellite, and hence is more preferable in our views.  
[bookmark: _Toc134611952][bookmark: _Toc134612419][bookmark: _Toc142314768][bookmark: _Toc142409003][bookmark: _Toc142491490][bookmark: _Toc142657892]UE resumes/starts the RLM at the time when the UE starts synchronizing with the incoming satellite of the same PCI, if the UE has suspended/stopped the RLM at t-Service.
RACH congestion 
In the quasi-Earth-fixed scenario, when the service link changes, tremendous amount of UEs need to perform the RA in the new cell to obtain the updated Timing Advance (TA) value and regain the uplink synchronization. This situation is also the same in the unchanged PCI satellite switch scenario, unless the UE can obtain the updated TA through a RACH-less procedure. If the information regarding when the incoming satellite will start serving the area (i.e., t-ServiceStart) is broadcasted in the system information (which is very likely), the RACH congestion would be even worse as all the involved UEs will conduct the RA procedure at the same time. 
[bookmark: _Toc142409009][bookmark: _Toc142489362][bookmark: _Toc142491514]Broadcasting the information regarding when the incoming satellite will start serving the area may result in massive UEs performing RA simultaneously in the same cell. 
To mitigate the RACH congestion, one way is to distribute all the involved UEs evenly into a period starting from t-ServiceStart. That is, we can allow UE to delay synchronizing with the incoming satellite for at most X time units, starting from the time when the incoming satellite starts serving the area. Once the synchronization phase is delayed, the RA procedure will also be delayed. As to the value X, we think it can be either signaled to the UE via the system information or via a dedicated RRC message, or implicitly known to the UE based on certain rules. 
[bookmark: _Toc142409004][bookmark: _Toc142491491][bookmark: _Toc142657893]UE can delay synchronizing with the incoming satellite of the same PCI for at most X time units, FFS on how X is known to the UE.  
CFRA configuration
Compared to the CBRA procedure, the CFRA procedure is collision-free and hence can effectively reduce the time required for regaining the synchronization. The network shall be able to configure the UE with the CFRA resource via the serving satellite, where the CFRA resource is to be used by the UE after switching to the new satellite. Both the RRC message and L1 signal (e.g., PDCCH order) are feasible to carry such a CFRA resource configuration in our view. However, as the CFRA resource is effective only after the UE has synchronized with the incoming satellite, using the RRC message has a slight advantage, as it is easier to carry the time-related information in the RRC message than in the L1 signal. If it is the L1 signal used to carry the CFRA resource configuration, some more enhancements on top of the existing PDCCH order mechanism will be needed. 
[bookmark: _Toc142409005][bookmark: _Toc142491492][bookmark: _Toc142657894]The RACH resource used to perform the CFRA with the incoming satellite of the same PCI can be provided/configured through the current serving satellite.
RACH-less procedure for the cell switch
The RACH-less handover will be supported in Rel-18 for NR-NTN, and we think the RACH-less procedure should be also supported in the unchanged PCI satellite switch scenario, as it can eliminate the time required to obtain the updated TA associated to the new satellite. Since the only reason to perform a RA procedure in an unchanged PCI satellite switch scenario is to obtain the TA associated with the new satellite, if we apply a RACH-less procedure, there must be a way for the UE to obtain the TA beforehand. We can use a similar approach as in the RACH-less HO, where the UE determines the value of the NTA based on an indication provided by the network before the satellite switch takes place. The indication of the NTA value can either indicate that NTA is equal to zero, or indicate that the original NTA can be reused even after UE switching to the new satellite. At the same time, the network can also provide an UL resource (e.g., dynamic grant, CG) to the UE via the serving satellite, which is used by the UE to transmit a message confirming the completeness of the satellite switch procedure. 
[bookmark: _Toc142409006][bookmark: _Toc142491493][bookmark: _Toc142657895]Same as in the RACH-less HO, UE can be provided with the UL resource (e.g., DG, CG) and the indication of the NTA value by the serving cell, for switching satellites of the same PCI without performing the RA procedure. 
Impact on the TA timer
If UE is not configured with the RACH-less procedure (i.e., neither provided with the NTA value nor the UL resource) via the serving satellite, the original NTA value and the associated TA timer (i.e., timeAlignmentTimer) are only applicable when the UE is still with the serving satellite. Once the UE switches to the new satellite, the UE has to reacquire the NTA value by performing either the CBRA or the CFRA procedure. Therefore, the TA timer shall autonomously expire at the time when the serving satellite stops serving the area, and the UE shall perform the actions the legacy UE does upon the expiry of the TA timer (e.g., flush all HARQ buffers, release PUCCH, release SRS, etc.). In this way, even if the UE is not configured with the CFRA resource, the UE can perform the CBRA procedure with the new satellite at the earliest timing (i.e., once there is any pending UL traffic), without waiting the expiry of the TA timer.
[bookmark: _Toc142409007][bookmark: _Toc142491494][bookmark: _Toc142657896]Except for being in a RACH-less procedure, UE stops the TA timer (i.e., considers the TA timer as expired) at the time when the current satellite stops serving the area in the unchanged PCI scenario.
Conclusions
In this paper, several important issues for enabling the unchanged PCI satellite switch feature are discussed, with the following observation being made.
Observation 1	Broadcasting the information regarding when the incoming satellite will start serving the area may result in massive UEs performing RA simultaneously in the same cell.
Based on the observations and discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	UE suspends or stops the RLM at t-Service, if there is a gap period where the UE is neither served by the serving satellite nor by the incoming satellite in the unchanged PCI scenario.
Proposal 2	UE resumes/starts the RLM at the time when the UE starts synchronizing with the incoming satellite of the same PCI, if the UE has suspended/stopped the RLM at t-Service.
Proposal 3	UE can delay synchronizing with the incoming satellite of the same PCI for at most X time units, FFS on how X is known to the UE.
Proposal 4	The RACH resource used to perform the CFRA with the incoming satellite of the same PCI can be provided/configured through the current serving satellite.
Proposal 5	Same as in the RACH-less HO, UE can be provided with the UL resource (e.g., DG, CG) and the indication of the NTA value by the serving cell, for switching satellites of the same PCI without performing the RA procedure.
Proposal 6	Except for being in a RACH-less procedure, UE stops the TA timer (i.e., considers the TA timer as expired) at the time when the current satellite stops serving the area in the unchanged PCI scenario.
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