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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. As significant progress has been achieved in the RAN2#123bis meeting [2] and the post meeting discussion [3], this paper focuses on some the leftover issues highlighted in the following open issues captured from the summary of the post meeting discussion [3].
	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 
Proposal A-8: The detail signaling of t-star can be discussed online.
Proposal A-9: Further discuss whether T-start is needed for hard satellite switch.
On Part B, the proposals captured are the following:
Proposal B-1a : Discuss whether UE triggers TA reporting upon satellite switching.   
<RACH-less satellite switching>
Proposal B-5 : Discuss whether UE that supports satellite switching is mandatory to support RACH-less satellite switching.
Proposal B-6 : Support the explicit configuration of RACH-less satellite switching in SIB19.
Proposal B-6a: If proposal B-6 is not agreed, RAN2 is proposed to discuss the following two issues:
- Issue 1: How does the UE determine whether to trigger RACH-less or RACH-based procedure?
- Issue 2: Does the network always support the RACH-less apprach for satellite switching?
Proposal B-7:  If UE does not support RACH-less satellite switching, UE will only perform RACH-based procedure regardless of whether the network configured RACH-less or RACH-based satellite switching procedure.


Discussion
Hard satellite switch with a gap
[bookmark: _Toc131764424][bookmark: _Toc134611951][bookmark: _Toc134612418][bookmark: _Toc142314767]It has been discussed in several meeting whether we allow a period between when the serving satellite stops serving the area and when the incoming satellite starts serving the area. In our view, the reason for supporting the hard satellite switch with a gap is to avoid any possible interference or SSB collision due to the overlapped coverage. Also, as the majority view in the offline “[Post123bis][312][NR-NTN Enh] Unchanged PCI” [2] is that there is no need to provide the SSB information of the target satellite for the hard satellite switch case, it’s simpler for the network to support the hard satellite switch case than to support the soft satellite switch case. If we want to make sure the satellites of an unchanged PCI setup are configured/deployed with no overlapped coverage to get rid of the complexity of configuring a soft satellite switch case, inevitably there will be more or less some gap period during which the UE is neither served by the serving satellite nor by the incoming satellite. Therefore, we do not see a reason to limit t-ServiceStart (or t-gap) to be only applicable to the soft satellite switch case.
[bookmark: _Toc149749585][bookmark: _Toc149749836][bookmark: _Toc149916756]t-ServiceStart (or t-gap) can be also used for the hard satellite switch case. In this case t-ServiceStart is later than t-Service (or t-gap is a positive value).
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][bookmark: _Toc149749586][bookmark: _Toc149749837][bookmark: _Toc149916757]UE suspends or stops the RLM at t-Service, if there is a gap period during which 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][bookmark: _Toc149749587][bookmark: _Toc149749838][bookmark: _Toc149916758]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-less configuration
RAN2 already agreed that the RACH-less procedure will be supported in the unchanged PCI satellite switch scenario. Since one of the purposes of performing a RACH in an unchanged PCI scenario is to obtain a new Timing Advance (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. As the majority view in the offline “[Post123bis][312][NR-NTN Enh] Unchanged PCI” [2] is that NTA is set to 0 by the UE in the RACH-less procedure, there seems to be no need to signal/configure the NTA value for the RACH-less procedure. However, the UE should know whether it should perform a RACH-based or RACH-less satellite switch based on whether it has received a dedicated RRC message configuring the UL resource (e.g., dynamic grant or CG) that the UE can use for the 1st uplink transmission after switching to the new satellite, where the 1st uplink transmission can be used to confirm the completeness of the satellite switch procedure. 
[bookmark: _Toc149749588][bookmark: _Toc149749839][bookmark: _Toc142409006][bookmark: _Toc142491493][bookmark: _Toc142657895][bookmark: _Toc149916759]A dedicated RRC configuration is used to trigger the UE to switch satellites of the same PCI without performing the RA procedure.
[bookmark: _Toc149749589][bookmark: _Toc149749840][bookmark: _Toc149916760]UE can be configured with the UL resource (e.g., DG or CG) by the serving cell, for transmitting the 1st uplink message after switching satellites of the same PCI without performing the RA procedure.
How to trigger UE to perform a RA procedure after switching satellites
If UE is not configured with the RACH-less procedure (i.e., not 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, 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][bookmark: _Toc149749590][bookmark: _Toc149749841][bookmark: _Toc149916761]Except for being in a RACH-less procedure, UE considers the TA timer as expired at the time when the current satellite stops serving the area in the unchanged PCI scenario.
CFRA configuration
Another possibility to trigger a RA procedure is to rely on a PDCCH order-like mechanism. 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: _Toc149749591][bookmark: _Toc149749842][bookmark: _Toc149916762]RAN2 to discuss whether to support the CFRA procedure for switching satellites of the same PCI.
[bookmark: _Toc142409005][bookmark: _Toc142491492][bookmark: _Toc142657894][bookmark: _Toc149749592][bookmark: _Toc149749843][bookmark: _Toc149916763]The RACH resource used to perform the CFRA (if supported) with the incoming satellite of the same PCI can be provided/configured through the current serving satellite.
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 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. Since the information regarding when the incoming satellite will start serving the area (i.e., t-Service or t-ServiceStart) is broadcasted in the system information, the RACH congestion cannot be neglected as all the involved UEs may conduct the RA procedure at similar timing. To mitigate the RACH congestion, one way is to distribute all the involved UEs evenly into a period starting from t-Service or 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][bookmark: _Toc149749593][bookmark: _Toc149749844][bookmark: _Toc149916764]UE can delay synchronizing with the incoming satellite of the same PCI for at most X time units.  
Conclusions
In this paper, several leftover issues for enabling the unchanged PCI satellite switch feature are discussed. Based on the analysis and discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	t-ServiceStart (or t-gap) can be also used for the hard satellite switch case. In this case t-ServiceStart is later than t-Service (or t-gap is a positive value).
Proposal 2	UE suspends or stops the RLM at t-Service, if there is a gap period during which the UE is neither served by the serving satellite nor by the incoming satellite in the unchanged PCI scenario.
Proposal 3	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 4	A dedicated RRC configuration is used to trigger the UE to switch satellites of the same PCI without performing the RA procedure.
Proposal 5	UE can be configured with the UL resource (e.g., DG or CG) by the serving cell, for transmitting the 1st uplink message after switching satellites of the same PCI without performing the RA procedure.
Proposal 6	Except for being in a RACH-less procedure, UE considers the TA timer as expired at the time when the current satellite stops serving the area in the unchanged PCI scenario.
Proposal 7	RAN2 to discuss whether to support the CFRA procedure for switching satellites of the same PCI.
Proposal 8	The RACH resource used to perform the CFRA (if supported) with the incoming satellite of the same PCI can be provided/configured through the current serving satellite.
[bookmark: _GoBack]Proposal 9	UE can delay synchronizing with the incoming satellite of the same PCI for at most X time units.
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